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Receiving Tube Manual 

THIS- MANUAL, like its preceding editions, has 
been prepared to assist those who work or experiment 
with home-entertainment-type electron tubes and cir­
cuits. It will be found valuable by engineers, service 
technicians, educators, experimenters, radio amateurs, 
hobbyists, students, and many others technically inter­
ested in electron tubes. 

The material in this edition has been augmented and 
revised to include the recent technological advances in 
the electronics field. For more convenient referencing 
of the latest tube types, the Technical Data Section 
has been restricted to coverage of active RCA types; 
basic data for replacement and discontinued RCA tubes 
are given in the RCA Types for Replacement Use table. 
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Electrons,. Electrodes 
and Electron Tubes 

THE electron tube is a marvelous 
device. It makes possible the per­

forming of operations, amazing in con­
ception, with a precision and a certainty 
that are astounding. It is an exceedingly 
sensitive and accurate instrument-the 
product of coordinated efforts of engi­
neers and craftsmen. Its construction 
requires materials from every corner 
of the earth. Its use is world-wide. Its 
future possibilities, even in the light of 
present-day accomplishments, are but 
dimly foreseen, for each development 
opens new fields of design and appli­
cation. 

The importance of the electron 
tube lies in its ability to control almost 
instantly the flight of the millions of 
electrons supplied by the cathode. It 
accomplishes this control with a mini­
mum of energy. Because it is almost 
instantaneous in its action, the electron 
tube can operate efficiently and accu­
rately at electrical frequencies much 
higher than those attainable with rotat­
ing machines. 

Electrons 

All matter exists in the solid, 
liquid, or gaseous state. These three 
forms consist entirely of minute divi­
sions known as molecules, which, in 
turn, are composed of atoms. Atoms 
have a nucleus which is a positive 
charge of electriCity, around which re­
volve tiny charges of negative electricity 
known as electrons. Scientists have es­
timated that electrons weigh only 1/30-
billion, billion, billion, billionths of an 
ounce, and that they may travel at 
speeds of thousands of miles per second. 

Electron movement may be accele­
rated by the addition of energy. Heat is 

one form of energy which can be con­
veniently used to speed up the electron. 
For example, if the temperature of a 
metal is gradually raised, the electrons 
in the metal gain velocity. When the 
metal becomes hot enough, some elec­
trons may acquire sufficient speed to 
break away from the surface of the 
metal. This action, which is accelerated 
when the metal is heated in a vacuum, 
is utilized in most electron tubes to 
produce the necessary electron supply. 

An electron tube consists of a 
cathode, which supplies electrons, and 
one or more additional electrodes, 
which control and collect these elec­
trons, mounted in an evacuated en­
velope. The envelope may be made of 
glass, metal, ceramic, or a combination 
of these materials. 

Cathodes 

A cathode is an essential part of an 
electron tube because it supplies the 
electrons necessary for tube operation. 
When energy in some form is applied 
to the cathode, electrons are released. 
Heat is the form of energy generally 
used. The method of heating the cath­
ode may be used to distinguish between 
the different forms of cathodes. For ex­
ample, a directly heated cathode, or 
filament-cathode, is a wire heated by 
the passage of an electric current. An 
indirectly heated cathode, or heater­
cathode, consists of a filament, or 
heater, enclosed in a metal sleeve. The 
sleeve carries the electron-emitting ma­
terial on its outside surface and is 
heated by radiation and conduction 
from the heater. 

A filament, or directly heated cath· 
ode, such as that shown in Fig. 1 may 
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be further classified by identifying the 
filament or electron-emitting material. 
The materials in regular use are tung­
sten, thoriated tungsten, and metals 
which have been coated with alkaline­
earth oxides. Tungsten filaments are 
made from the pure' metal. Because 
they must operate at high temperatures 
(a dazzling white) to "init sufficient 
electrons, a relatively large amount of 
filament power is required. 

Thoriated-tungsten filaments are 
made from tungsten impregnated with 
thorium oxide. Due to the presence of 
thorium, these filaments liberate elec­
trons at a more moderate temperature 
of about 1700·C (a bright yellow) and 
are, therefore, much more economical 
of filament power than are pure tung­
sten filaments. 

Alkaline earths are usually applied 
as a coating on a nickel-alloy wire or 
ribbon. This coating, which is dried in 
a relatively thick layer on the filament, 
requires' only a relatively low tempera­
ture of about 700-750·C (a dull red) 
to produce a copious supply of elec­
trons. Coated filaments operate very 
efficiently and require relatively little 
filament power. However, each of these 
cathode materials has special advan­
tages which determine' the choice for a 
particular application. 

Directly heated filament-cathodes 
require comparatively little heating 
power. They are used in tube types de­
signed for battery operation because it 
is, of course, desirable to impose as 
small a drain as possible on the bat­
teries. They are also used in rectifiers 
such as the IG3GT/IB3GT and the 
5Y3GT. 

An indirectly heated cathode, or 
heater-cathode, consists of a thin metal 
sleeve coated with electron-emitting ma­
terial such as alkaline-earth oxides. The 
emissive surface of the cathode is main­
tained at the required temperature 
(approximately l050·K) by resistance­
heating of a tungsten or tungsten-alloy 
wire which is placed inside the cath­
ode sleeve and electrically insulated 
from it, as shown in Fig. 2. The heater 
is used only for the purpose of heat­
ing the cathode sleeve and sleeve coat­
ing to an electron-emitting temperatm:e. 
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Useful emission does not take place 
from the heater wire. 

A new dark heater insulating coat· 
ing developed by RCA has better heat 
transfer than' earlier aluminum-oxide 
coatings, and makes it possible to oper­
ate heaters at lower temperatures for 
given power inputs. Because the tensile 
strength of the heater wire increases 
at the lower operating temperatures, 
tubes using dark heaters have increased 
reliability, stability, and life. 

Fig. 1-Filament 
or directly heated 

cathode. 

Fig. 2-1 n d j r e c t I y 
heated cathode or 

heater-cathode. 

The heater-cathode construction is 
well adapted for use in electron tubes 
intended for operation from ac power 
lines and from storage batteries. The 
use of separate parts for emitter and 
heater functions, the electrical insula­
tion of the heater from the emitter, 
and the shielding effect of the sleeve 
may all be utilized in the design of the 
tube to minimize the introduction of 
hum from the ac heater supply and to 
minimize electrical interference which 
might enter the tube circuit through the 
heater-supply line. From the viewpoint 
'of circuit design, the heater-cathode 
construction offers advantages in con­
nection flexibility because of the elec­
trical separation of the heater from the 
cathode. 

Another advantage of the heater­
cathode construction is that it makes 
practical the design of a rectifier tube 
.having close spacing between its cath~ 
ode and plate, and of an amplifier tube 
having close spacing between its cath~ 
ode and grid. In a close-spaced rectifier. 
:tube, the voltage drop in the tube is 
low, and, therefore, the regulation is 
'improved.. In an amplifier tube, the 
.close spacing increases the gain obtain­
.able from the tube. Because of the 
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advantages of the heater-cathode con­
struction, almost all present-day receiv­
ing tubes designed for ac operation 
have heater-cathodes. 

Generic Tube Types 
Electrons are of no value in an 

electron tube unless they can be put to 
work. Therefore, a tube is designed 
with the parts necessary to utilize elec­
trons as well as those required to pro­
duce them. These parts consist of a 
cathode and one or more supplemen­
tary electrodes. The electrodes are en­
closed in an evacuated envelope having 
the necessary connections brought out 
through air-tight seals. The air is re­
moved from the envelope to allow free 
movement of the electrons and to pre­
vent injury to the emitting surface of 
the cathode. 

When the cathode is heated, elec­
trons leave the cathode surface and 
form an invisible cloud in the space 
around it. Any positive electric poten­
tial within the evacuated envelope of­
fers a strong attraction to the electrons 
(unlike electric charges attract; like 
charges repel). Such a positive electric 
potential can be supplied by an anode 
(positive electrode) located within the 
tube in proximity to the cathode. 

Diodes 
The simplest form of electron tube 

contains two electrodes, a cathode and 
an anode (plate), and is often called a 
diode, the family name for a two-elec­
trode tube. In a diode, the positive 
potential is supplied by a suitable elec­
trical source connected between the 
plate terminal and a cathode terminal, 
as shown in Fig. 3. Under the influence 
of the positive plate potential, electrons 

CATH­
ODE 

PLATE 
CURRE:NT 

a 
_111111 + 

OUTPUT 

Fig. 3-Basic diode cirCUli. 

flow from the cathode to the plate and 
return through the external plate-bat­
tery circuit to the cathode, thus com­
pleting the circuit. This flow of electrons 
is known as the plate current. 

If a negative potential is applied to 
the plate, the free electrons in the space 
surrounding the cathode will be forced 
back to the cathode and no plate cur­
rent will flow. If an alternating voltage 
is applied to the plate, the plate is al­
ternately made positive and negative. 
Because plate current flows only during 
the time when the plate is positive, cur­
rent flows through the tube in only one 
direction and is said to be rectified. 
Fig. 4 shows the rectified output current 
produced by an alternating input volt­
age. 

I 

I­
Z ... 
~ a 

PLATE VOLTS 

ALTERNATING 
VOLTAGE INPUT 

Fig. 4-Currellf characteristics 01 rectifier 
circuit. 

Diode rectifiers are nsed in ac re­
ceivers to convert the ac supply voltage 
to dc voltage for the electrodes of the 
other tubes in the receiver. Rectifier 
tubes having only one plate and one 
cathode, such as the 35W4, are called 
half-wave rectifiers, because current 
can flow only during one-half of the 
alternating-current cycle. When two 
plates and one or more cathodes are 
used in the same tube, current may be 
obtained on both halves of the ac cycle. 
The 6X4, 5Y3GT, and 5U4GB are ex­
amples of this type and are called 
fuU-wave rectifiers. 

Not all of the electrons emitted by 
the cathode reach the plate. Some re­
turn to the cathode, while others re­
main in the space between the cathode 
and plate for a brief period to produce 
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an effect known' as space cbarge. This 
charge has a repelling action on ether 
electrons which leave the cathode sur­
face. and impedes their passage to the 
plate. The extent of this action and the 
amount of space charge depend on the 
cathode temperature, the distance be­
tween the cathode and the plate, and 
the plate potential. The higher the plate 
potential, the less is the tendency for 

. electrons to remain in the space-charge 
region and repel other electrons. This 
effect may be noted by applying increas­
ingly higher plate voltages to a tube 
operating at a fixed heater or filament 
voltage. Under these conditions, the 
maximum number of available electrons 
is fixed, but increasingly higher plate 
voltages will succeed in attracting' a 
greater proportion of the free electrons. 

Beyond a certain plate voltage, 
however, additional plate voltage has 
little effect in increasing the plate cur­
rent because all of the electrons emitted 
by the cathode are already being drawn 
to the plate. This maximum current, 
illustrated in Fig. 5, is called saturation 
current. Because it is an indication of 
the total number of electrons emitted, 
it is also known as emission current or 
simply emission. 

Saturation Point 

... 1-+-~ l-

I 
e-l-

V 
__ 17 

o PLATE VOLTAGE~ 

Fig. 5-Current characteristic of diode 
tube. 

Although tubes are sometimes 
tested by measurement of their emission 
current, it is generally not advisable to 
measure the full value of emission be­
canse this value would be sufficiently 
large to cause change in the tube char­
acteristics or even to damage the tube. 
Consequently, while the test value of 
emission current is somewhat larger 
than the maximum current which will 

. be required from. the. cathode in the 
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use of the tube, it is ordinarily Jess 
. than the full emission current. The 
emission test, therefore, is used to in­
dicate whether the cathode can supply 
a sufficient number of electrons for 
satisfactory operation of the tube. 

If space charge were not present to 
repel electrons coming from the cath­
ode, the same plate current could be 
produced at a lower plate voltage. One 
way to make the effect of space charge 
small is to make the distance between 
plate and cathode small. This method 
is used in rectifier types having heater­
cathodes, such as the 5V 4GA and the 
6AX5GT. In these types the radial dis­
tance between cathode and plate is only 
about two hundredths of an inch. 

Another method of reducing space­
charge effect is utilized in mercury­
vapor rectifier tubes. When such tubes 
are operated, a small amount of mer­
cury contained in the tube is partially 
vaporized, filling the space inside the 
bulb with mercury atoms. These atoms 
are bombarded by electrons on their 
way to the plate. If the electrons are 
moving at a sufficiently high speed, the 
collisions tear off electrons from the 
mercury atoms. The mercury atom is 
then said to be "ionized," i.e., it bas lost 
one or more electrons and, therefore, 
has ,a positive charge. Ionization is evi­
denced by a bluish-green glow between 
the cathode and plate. When ionization 
occurs, the space charge is neutralized 
by the positive mercury atoms so that 
increased numbers of electrons are 
made available. Mercury-vapor tubes 
are used primarily for power rectifiers. 

Ionic-heated-catbode rectifiers de­
pend on gas ionization for their opera­
tion. These tubes are of the full-wave 
design and contain two anodes and a 
coated cathode sealed in a bulb con­
taining a reduced pressure of inert gas. 
The cathode becomes hot during tube 
operation, but the heating effect is 
caused by bombardment of the cath­
ode by ions within the tube rather than 
by heater or filament current from an 
external source. 

The internal structure of an ionic­
heated-cathode tube is designed so that 
when sufficient voltage is applied to the 
tube, . ionization of the gas occurs be-
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tween the anode which is iristan­
taneously positive and the cathode. 
Under normal operating voltages, ioni­
zation does not take place between the 
anode that is negative and the cathode, 
so that the requirements for rectifica­
tion are satisfied. The initial small flow 
of current through the tube is sufficient 
to raise the cathode temperature quickly 
to incandescence, whereupon the cath­
ode emits electrons. The voltage drop 
in such tubes is slightly higher than 
that of the usual hot-cathode gas rec­
tifiers because energy is taken from the 
ionization discharge to keep the cath­
ode at operating temperature. Proper 
operation of these rectifiers requires a 
minimum flow of load current at all 
times to maintain the cathode at the 
temperature required to supply sufficient 
emission. 

Triodes 

When a third electrode, called the 
grid, is placed between the cathode and 
plate, the tube is known as a triode, the 
family name for a three-electrode tube. 
The grid usually consists of relatively 
fine wire wound on two support rods 
(siderods) and extending the length of 
the cathode. The spacing between turns 
of wire is large compared with the size 
of the wire so that the passage of elec­
trons from cathode to plate is prac­
tically unobstructed by the grid. In 
some types, a frame grid is used. The 
frame consists of two siderods supported 
by four metal straps. Extremely fine 
lateral wire (diameter of 0.5 mil or less) 
is wound under tension around the 
frame. This type of grid permits the 
use of closer spacings between grid 
wires and between tube electrodes, and 
thus improves tube performance. 

The purpose of the grid is to con­
trol the flow of plate current. When a 
tube is used as an amplifier, a negative 
dc voltage is usually applied to the 
grid. Under this conditon the grid does 
not draw appreciable current. 

The number of electrons attracted 
to the plate depends on the combined 
effect of the grid and plate polarities, as 
shown in Fig. 6. When the plate is posi­
tive, as is normal, and the dc grid volt-

age is made more and more negative, 
the plate is less able to attract electrons 
to it and plate current decreases. When 
the grid is made less and less negative 
(more and more positive), the plate 
more readily attracts electrons to it and 
plate current increases. Hence, when 
the voltage on the grid is varied in ac­
cordance with a signal, the plate cur­
rent varies with the signal. Because a 
smalI voltage applied to the grid can 
control a comparatively large amount 
of plate current, the signal is ampli­
fied by the tube. Typical three-electrode 
tube types are the 6C4 and 6AF4A. 

ELECTRON 
fLOW 

fr. A 
PLATE 

CURRENT 

a 
f-c->-=::....~_ 111111 + 

Fig. 6-Basic triode circuit. 

OUTPUT 

The grid, plate, and cathode of a 
triode form an electrostatic system, each 
electrode acting as one plate of a small 
capacitor. The capacitances are those 
existing between grid and plate, plate 
and cathode, and grid and cathode. 
These capacitances are known as inter­
electrode capacitances. Generally, the 
capacitance between grid and plate is 
of the most importance. In high-gain 
radio-frequency amplifier circuits, this 
capacitance may act to produce unde­
sired coupling between the input circuit, 
the circuit between grid and cathode, 
and the output circuit, the circuit be­
tween plate and cathode. This coupling 
is undesirable in an amplifier because 
it may cause instability and unsatisfac­
tory performance. 

Tetrodes 
The capacitance between grid and 

plate can be made small by mounting 
an additional electrode, called the 
screen grid (grid No.2), in the tube. 
With the addition of the grid No.2, 
the tube has four electrodes and is, ac~ 
cordingly. called a tetrode. The screen 
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grid or grid No. 2 is mounted between 
the grid No. 1 (control grid) and the 
plate, as shown in Fig. 7, and acts as 
aneteCtrostatic shield between them, 
thus reducing the grid-to-plate capaci­
tance. The effectiveness of this shield­
ing action is increased by a bypass 

'-----{A 
PLATE 

-r.~p:---.CURRENT 

OUTPUT 

+ 
Fig. 7-Basic tetrode circuit. 

capacitor connected between screen grid 
and cathode. By means of the screen 
grid and this bypass capacitor, the grid­
plate capacitance of a tetrode is made 
very small. In practice, the grid-plate 
capacitance is reduced from several 
picofarads (tiF) for a triode to 0.01 pF 
or less for a screen-grid tube. 

The screen grid has another desir­
able effect in that it makes plate current 
practically independent of plate voltage 
over a certain range. The screen grid is 
operated at a positive voltage and, 
therefore, attracts electrons from the 
cathode. However, because of the com­
paratively large space between wires of 
the screen grid, most of the electrons 
drawn to the screen grid pass through 
it to the plate. Hence the screen grid 
supplies an electrostatic force pulling 
electrons from the cathode to the plate. 
At the same time the screen grid shields 
the electrons between cathode and 
screen grid from the plate so that the 
plate exerts very little electrostatic 
force on electrons near the cathode. 

So long as the plate voltage is 
higher than the screen-grid voltage, 
plate current in a screen-grid tube de­
pends to a great degree on the screen­
grid voltage and very little on the plate 
voltage. The fact that plate current in 
a screen-grid tube is largely independ­
ent of plate voltage makes it possible 
to obtain much higher amplification 
with a tetrode than with a triode. The 
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low grid-plate capacitance makes it 
possible to;<9J?min this high amplifica­
tion withoUt-pJi;lte-to-grid feedback and 
resultant-it:t~t;ility. In receiving-tube 
applications;' tll,e tetrode has been re­
placed to acortsiderable degree by the 
pentode. 

Pentodes 
In all electron tubes, electrons 

striking the plate may, if moving at suf­
ficient speed, dislodge other electrons. 
In two- and three-electrode types, these 
dislodged electrons usually do not cause 
trouble because no positive electrode 
other than the plate itself is present to 
attract them, These electrons, therefore, 
are drawn back to the plate. Emission 
caused "y bombardment of an electrode 
by electrons from the cathode is called 
secondary emission because the effect is 
secondary to the original cathode emis­
sion. 

In the case of screen-grid tubes, the 
proximity of the positive screen grid to 
the plate offers a strong attraction to 
these secondary electrons, and particu­
larly so if the plate voltage swings lower 
than the screen-grid voltage. This effect 
reduces the plate current and limits the 
useful plate-voltage swing for tetrodes. 

The effects of secondary emission 
are minimized when a fifth electrode is 
placed within the tube between the 
screen grid and plate. This fifth elec­
trode is known as the suppressor grid 
(grid No.3) and is usually connected 
to the cathode, as shown in Fig. 8. Be­
cause of its negative potential with 
respect to the plate, the suppressor grid 
retards the flight of secondary electrons 
and diverts them back to the plate. 

INPUT 

ELECTRON 
FLOW 

rr;. A 
PLATE PLATE 

S1rR~~N CURRENT 

8 I 1-+------4-' 111111-+--' 

Fig. 8-Basic pentode circuit. 
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The family name for a five-elec­
trode tube is "pentode." In power-out­
put pentodes, the suppressor grid makes 
possible higher power output with lower 
grid-driving voltage; in radio-frequency 
amplifier pentodes, the suppressor grid 
makes possible high voltage amplifica­
tion at moderate values of plate volt­
age. These desirable features result 
from the fact that the plate-voltage 
swing can be made very large. In fact, 
the plate voltage may be as low as, 
or lower than, the screen-grid voltage 
without serious loss in signal-gain capa­
bility. Representative pentodes used for 
power amplification are the 6CL6 and 
6K6GT; representative pentodes used 
for voltage amplification are the 6AU6A, 
6BA6, and 5879. 

Beam Power Tubes 
A beam power tube is a tetrode or 

pentode in which directed electron 
beams are used to increase substantially 
the power-handling capability of the 
tube. Such a tube contains a cathode, 
a control grid (grid No.1), a screen 
grid (grid No.2), a plate, and, op­
tionally, a suppressor grid (grid No.3). 
When a beam power tube is designed 
without an actual suppressor grid, the 
electrodes are so spaced that secondary 
emission from the plate is suppressed 
by space-charge effects between screen 
grid and plate. The space charge is 
produced by the slowing up of electrons 
traveling from a high-potential screen 
grid to a lower-potential plate. In this 
low-velocity region, the space charge 
produced is sufficient to repel second­
ary electrons emitted from the plate 
and to cause them to return to the 
plate. 

Beam power tubes of this design 
employ beam-confining electrodes at 
cathode potential to assist in producing 
the desired beam effects and to prevent 
stray electrons from the plate from re­
turning to the screen grid outside of the 
beam. A feature of a beam power tube 
is its low screen-grid current. The screen 
grid and the control grid are spiral wires 
wound so that each."turnof the screen 
grid is shaded from the cathode by a 
grid turn. This alignment of the screen 

grid and control grid causes the elec­
trons to travel in sheets between the 
turns of the:"s,creen grid so that very 
few oftheJD -$trike the screen grid. 
Because oflhe effective suppressor ac­
tion pr9vid~,'~;Y, space charge and be~ 
cause otU\e (ow current drawn by the 
screen gIi!!. the beam power tube has 
the advant;lges of high power output, 
high power sensitivity, and high effi­
ciency. 

Fig. 9 shows the structure of a 
beam power tube employing space­
charge suppression and illustrates how 

Fig. 9-8tructure 0/ beam power tube 
showing beam-confining aerion. 

the electrons are confined to beams. 
The beam condition illustrated is that 
for a plate potential less than the 
screen-grid potential. The high-density 
space-charge region is indicated by the 
heavily dashed lines in the beam. Note 
that the edges of the beam-confining 
electrodes coincide with the dashed por­
tion of the beam. In this way the 
space-charge potential region is ex­
tended beyond the beam boundaries 
and stray secondary electrons are pre­
vented from returning to the screen 
grid outside of the beam. The space­
charge effect may also be obtained by 
use of an actual suppressor grid. Ex­
amples of beam power tubes are 
6AQ5A, 6L6GC, 6V6GTA, and 50C5. 

Multi-Electrode and 
Multi-Unit Tubes 

Early in the history of tube deveI-
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opment and application,. tubes were de- -
signed for a· general service; that is, a 
single tube type-a triode--wasused as 
a radio-frequency amplifier, an inter­
mediate-frequency amplifier, an audio­
frequency amplifier, an oscillator,or a 
detector. Obviously, with this diversity 
of application, one tube did not meet all 
requirements to the best advantage. 

Later and present trends of tube 
design are the development of "spe­
cialty" types. These types are intended 
either to give optimum performance in 
a particular application or to combine 
in one bulb functions which formerly 
required two or more tubes. The first 
class of tubes includes such examples 
of specialty types as the 6CB6A and 
6BY6. Types of this class generally 
require more than three electrodes to 
obtain the desired special characteristics 
and may be broadly classed as multi­
electrode types. The 6BY6 is an espe­
cially interesting type in this class. 
This tube has an unusually large num­
ber of electrodes, namely seven, ex­
clusive of the heater. Plate current in 
the tube is varied at two different fre­
quencies at the same time. The tube is 
designed primarily for use as a com­
bined sync separator and sync clipper 
in television receivers. 

The second class includes multi­
unit tubes such as the twin-diode triodes 
6CN7 and 6AV6, as well as triode-pen­
todes such as the 6U8A and 6X8. This 
class also includes class A twin. triodes 
such as the 6CG7 and 12AX7A, and 
types such as the 6CM7 containing dis­
similar triode units used primarily as 
combined vertical oscillators and ver­
tical deflection amplifiers in television 
receivers. Full-wave rectifiers are also 
multi-unit types. 

A third class of tubes combines fea­
tures of each of the other two classes. 
Typical of this third class are the penta­
grid-converter types 6BE6 and 6SA 7. 
These tubes are similar to the multi­
electrode types in that they have seven 
CIectrodes, all of which affect the elec­
tron stream; and they are similar to the 
multi-unit tubes in that they perform 
simultaneously the double function of 
oscillator and mixer in superheterodyne 
receivers. 

Receiving Tube Structure 

. . Receiving tubes generally utilize a 
glass or metal envelope and a base. 
Originally, the base was made of metal 
or molded phenolic material. Types 
having a glass envelope and a molded 
phenolic base include the "octal" types 
such as the 5U4GB and the 6SN7GTB. 
Types having a metal envelope and 
molded phenolic octal base include the 
6F6 and the 6L6. Many modern types 
utilize integral glass bases. Present-day 
conventional tube designs utilizing glass 
envelopes and integral glass bases in­
clude the seven-pin and nine-pin mini· 
ature types, the nine-pin novar and 
neonoval types, and the twelve-pin duo­
decar types. Examples of the seven-pin 
miniature types are the 6AU6A and 
6BN6. Examples of the nine-pin mini­
ature types are the 12AU7A and 6EA8. 
Examples of the novar types are the 
6BH3 and 7868. The nine-pin base for 
the novar types has a relatively large 
pin-circle diameter and long pins to 
insure firm retention of the tube in its 
socket. 

The nuvistor concept provided a 
new approach to electron tube design. 
Nuvistor tubes utilize a light-weight 
cantilever-supported cyclindrical elec­
trode structure housed in a ceramic­
metal envelope. These tubes combine 
new materials, processes, and fabrica­
tion techniques. Examples of the nu­
vistor are the 6CW4 and the 6DV4. 

Television Picture Tubes 

The picture tube, or kinescope, is 
a multi-electrode tube used principally 
in television receivers for picture dis­
play. It consists essentially of an elec­
tron gun, a glass or metal-and-glass 
envelope and face-plate combination, 
and a fluorescent screen. 

The electron gun includes a cath· 
ode for the production of free elec­
trons, one or more control electrodes 
for accelerating the electrons in the 
beam, and. optionally, a device for 
"trapping" unwanted ions out of the 
electron beam. 

Focusing of the beam is accom· 
plished either electromagnetically by 
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means of a focusing coil placed on the 
neck of the tube, or electrostatically, 
as shown in Fig. 10, by means of a 
focusing electrode (grid No.4) within 
the envelope of the tube. The screen 
is a white-fluorescing phosphor P4 of 
either the silicate or the sulfide type. 

Deflection of the beam is accom­
plished either electrostatically by means 
of deflecting electrodes within the enve­
lope of the tube, or electromagnetically 
by means of a deflecting yoke placed 
on the neck of the tube. Fig. 10 shows 
the structure of the gun section of a 
picture tube and illustrates how the 
electron beam is formed and how the 
beam is deflected by means of an elec­
tromagnetic deflecting yoke. In this 
type of tube, ions in the beam are 
prevented from damaging the fluores­
cent screen by an aluminum film on 
the gun side of the screen. This film 
not only "traps" unwanted ions, but 
also improves picture contrast. In many 
types of non-aluminized tubes, ions 
are separated from the electron beam 
by means of a tilted-gun and ion-trap­
magnet arrangement. 

Color television picture tubes are 
similar to black-and-white picture tubes, 
but differ in three major ways: (1) The 
light-emitting screen is made up of trios 

( 

of phosphor dots deposited in an inter­
laced pattern. Each dot of a trio is capa­
ble of emitting light in one of the three 
primary colors (red, green, or blue). 
(2) A shadow mask mounted near the 
screen of the tube contains over 300,-
000 apertures, one for each of the 
phosphor dot trios. This mask provides 
color separation by shadowing two of 
the three phosphor dots of each trio. 
(3) Three closely spaced electron guns, 
built as a· unit, provide separate beams 
for excitation of the three different 
color-phosphor-dot arrays. Thus it is 
possible to control the brightness of 
each of the three colors independently 
of the other two. Fig. 11 shows a cut­
away view of a color television picture 
tube. 

The three electron guns are 
mounted with their axes tilted toward 
the central axis of the envelope, and 
are spaced 120 degrees with respect to 
each other. The focusing electrodes of 
the three guns are interconnected in­
ternally, and their potential is adjusted 
to cause the separate beams to focus 
at the phosphor-dot screen. All three 
beams must be made to converge at 
the screen while they are simultaneously 
being deflected. Convergence is accom­
plished by the action of static and 
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Fig. lO-Structure oj television-picture-tube electron gun. 



12 

dynamic magnetic fields set up by 
the radial-converging magnet assembly 
mounted on the neck of the tube. 
These fields are coupled into the radial~ 
converging pole pieces within the tube. 
Another pair of pole pieces in the 
tube is activated by the lateral-converg­
ing magnet also mounted on the neck 
of the tube. These pole pieces permit 
lateral shift in position of the blue 
beam in opposition to the lateral shift 
of the green and red beams. 
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A purifying magnet is used with 
color picture tubes to provide a mag­
netic field, adjustable in magnitude and 
direction, to effect register over the en­
tire area of the screen. A magnetic 
shield is used to minimize the effects 
of the earth's magnetic field. 

Deflection of the three beams is 
accomplished simultaneously by a de­
flecting yoke using four electromagnetic 
coils similar to the deflecting yoke used 
for black-and-white picture tubes. 

Fig. ll-Cutaway view 0/ color television picture tube. 



Electron Tube 
Characteristics 

THE term "characteristics" is used to 
identify the distinguishing electrical 

features and values of an electron tube. 
These values may be shown in curve 
form or they may be tabulated. When 
the characteristics values are given in 
curve form, the curves may be used for 
the determination of tube performance 
and the calculation of additional tube 
factors. 

Tube characteristics are obtained 
from electrical measurements of a tube 
in various circuits under certain definite 
conditions of voltages. Characteristics 
may be further described by denoting 
the conditions of measurements. For 
example, Static Characteristics are the 
values obtained with different dc po­
tentials applied to the tube electrodes, 
while Dynamic Characteristics are the 
values obtained with an ac voltage on 
a control grid under various condi­
tions of dc potentials on the electrodes. 
The dynamic characteristics, therefore, 
are indicative of the performance capa­
bilities of a tube under actual working 
conditions. 

Static characteristics may be shown 
by plate characteristics curves and 
transfer (mutual) characteristics curves. 
These curves present the same informa­
tion, but in two different forms to 
increase its usefulness. The plate char­
acteristic curve is obtained by varying 
plate voltage and measuring plate cur­
rent for different grid-bias voltages, 
while the transfer-characteristic curve 
is obtained by varying grid-bias voltage 
and measuring plate current for differ­
ent plate voltages. A plate-characteristic 
family of curves is shown in Fig. 12. 
Fig. 13 gives the transfer-characteristic 
family of curv~ for the same tube. 
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Dynamic characteristics include 
amplification factor, plate resistance, 
control- grid-plate transconductance, 
and certain detector characteristics, and 
may be shown in curve form for varia­
tions in tube operating conditions. 

::l 
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Fig. 12-Family of plate-characteristics 
curves. 

The amplification factor, or /L, is 
the ratio of the change in plate voltage 
to a change in control-electrode voltage 
in the opposite direction, under the 
condition that the plate current remains 

8..---:--.----"---.,, 
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Fig. 13-Family of transfer-characteristics 
CUrves; 

unchanged and that all other electrode 
voltages are maintained constant. For 
examp'l~~ i~, when the plate voltage 



14 

is made 1 volt more positive, the con­
trol-electrode (grid-No. 1) voltage must 
be made 0.1 volt more negative to hold 
plate current unchanged, the amplifica­
tion factor is 1 divided by 0.1, or 10. 
In other words, a small voltage varia­
tion in the grid circuit of a tube has 
the same effect on the plate current as 
a large plate-voltage change--the lat­
ter equal to the product of the grid­
voltage change and amplification factor. 
The p. of a tube is often useful for 
calculating stage gain. This use is dis­
cussed in the Electron Tube AppUca­
tions section. 

Plate resistance (rp) of an electron 
tube is the resistance of the path be­
tween cathode and plate to the flow of 
alternating current. It is the quotient 
of a small change in plate voltage di­
vided by the corresponding change in 
plate current and is expressed in ohms, 
the unit of resistance. Thus, if a change 
of 0.1 milliampere (0.0001 ampere) is 
produced by a plate-voltage variation of 
1 volt, the plate resistance is 1 divided 
by 0.0001, or 10000 ohms. 

Control-grid - plate transconduct­
ance, or simply transconductance (gm), 
is a factor which combines in one term 
the amplification factor and the plate 
resistance, and is the quotient of the 
first divided by the second. This term 
has also been known as mutual conduct­
ance. Transconductance may be more 
strictly defined as the quotient of a small 
change in plate current (amperes) di­
vided by the small change in the con­
trol-grid voltage producing it, under 
the condition that all other voltages 
remain unchanged. Thus, if a grid-
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voltage change of 0.5 volt causes a 
plate-current change of 1 milliampere 
(0.001 ampere), with all other voltages 
constant,· the transconductance is 0.001 
divided by 0.5, or 0.002 mho. A "mbo" 
is the unit of conductance and was 
named by spelling ohm backwards. For 
convenience, a millionth of a mho, or 
a micromho (p.mho), is used to express 
transconductance. Thus, in the exam­
ple, 0.002 mho is 2000 micromhos. 

Conversion transconductance (g.) 
is a characteristic associated with the 
mixer (first detector) function of tubes 
and may be defined as the quotient of 
the intermediate-frequency (if) current 
in the primary of the if transformer di­
vided by the applied radio-frequency 
(rf) voltage producing it; .. more pre­
cisely, it is the limiting value of this 
quotient as the rf voltage and if current 
approach zero. When the performance 
of a frequency converter is determined, 
conversion transconductance is used in 
the same way as control-grid-plate 
transconductance is used in single-fre­
quency amplifier computations. 

The plate efficiency of a power am­
plifier tube is the ratio of the ac power 
output (P.) to the product of the aver­
age dc plate voltage (Eo) and dc plate 
current (10) at full signal, or 

Plate efficiency _ Po watts X 100 
% - Eb volts X 10 amperes 

The power sensitivity of a tube is 
the ratio of the power output to the 
square of the input signal voltage (Eln), 

and is expressed in mhos as follows: 

Power sensitivity (mhos) = <:0 watts)" 
In. rms 



Electron Tube 
Applications 

THE diversified applications of an 
electron receiving tube have, within 

the scope of this section, been treated 
under seven headings: Rectification; 
Detection; Amplification; TV Scanning, 
Sync, and Deflection; Oscillation; Fre­
quency Conversion; and Tuning Indica­
tion with Electron-Ray Tubes. Although 
these operations may take . place at 
either radio or audio frequencies and 
may involve the use of different cir­
cuits and different supplemental parts, 
the general considerations of each kind 
of operation are basic. 

General System Functions 
When speech, music, or video in­

formation is transmitted from a radio 
or television station, the station radiates 
a modulated radio-frequency (rf) car­
rier. The function of a radio or tele­
vision receiver is simply to reproduce 
the modulating wave from the modu­
lated carrier. 

As shown in Fig. J 4, a superhetero­
dyne radio receiver picks up the trans­
mitted modulated rf signal, amplifies it 
and converts it to a modulated inter­
mediate-frequency (if) signal, amplifies 
the modulated if signal, separates the 
modulating signal from the basic car­
rier wave, and amplifies the resulting 
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audio signal to a level sufficient to pro­
duce the desired volume in a speaker. 
In addition, the receiver usually includes 
some means of producing automatic 
gain control (agc) of the modulated 
signal before the audio information is 
separated from the carrier. 

The transmitted rf signal picked up 
by the radio receiver may contain either 
amplitude modulation (AM) or fre­
quency modulation (FM). (These mod­
ulation techniques are described later 
in the section on Detection.) In either 
case, amplification prior to the detector 
stage is performed by tuned amplifier 
circuits designed for the" proper fre­
quency and bandwidth. Frequency con­
version is performed by mixer and 
oscillator circuits or by a single con­
verter stage which performs both mixer . 
and oscillator functions. Separation of 
the modulating signal is normally ac­
complished by one or more diodes in 
a detector or discriminator circuit. Am­
plification of the audio signal is then 
performed by one or more audio am­
plifier stages. 

Audio-amplifier systems for phono­
graph or tape recordings are similar to 
the stages after detection in a radio 
receiver. The input to the amplifier is a 
low-power-Ievel audio signal from the 

Fig. 14-Simplified block diagram tor a broadcast-band receiver. 



16 

phonograph or magnetic-tape pickup 
head. This signal is usually amplified 
through a preamplifier stage, one or 
more low-level (pre-driver or driver) 
audio stages, and an audio power am­
plifier. The system may also include 
frequency-selective circuits which act 
as equalization networks and! or tone 
controls. 

The operation of a television re­
ceiver is more complex than that of 
a radio receiver, as shown by the sim­
plified block diagram in Fig. 15. The 
tuner section' of the receiver selects the 
proper rf signals for the desired channel 
frequency, amplifies them, and converts 
them to a lower intermediate frequency. 
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and thus controls instantaneous "spot" 
brightness. At the same time, deflection 
circuits cause the electron. beam of the 
picture' tube to move the "spot" across 
the faceplate horizontally and vertically. 
Special "sync" signals derived from 
the video signal assure that the hori­
zqntal and vertical scanning are timed 
so that the picture produced on the re­
ceiver exactly duplicates the picture 
being viewed by the camera or pickup 
tube. 

A communications· transceiver con­
tains transmitting circuits, as well as 
receiving circuits similar to those of a 
radio receiver. The transmitter portion 
of such a system consists of two sections. 

Fig. 15-Simpli/ied block diagram lor a television receiver. 

As in a radio, these functions are ac­
complished in rf-amplifier, mixer, and 
local-oscillator stages. The if signal is 
then amplified in if-amplifier stages 
which provide the additional gain re­
quired to bring the signal level to an 
amplitude suitable for detectiOn. 

After if amplification, the detected 
signal is separated into sound and pic­
ture information. The sound signal is 
amplified and processed to provide an 
audio signal which is fed to an audio 
amplifier system similar to those· de­
scribed above. The picture (video) sig­
nal is passed through a video amplifier 
stage which conveys beam-intensity in­
formation to the television picture tube 

In one section, the desired intelligence 
(voice, code, or the like) is picked up 
and amplified through one or more 
amplifier stages (which are usually com­
mon to the receiver portion) to a high­
level stage called a modulator. In the 
other section, an rf signal of the desired 
frequency is developed in an oscillator 
stage and amplified in one or more 
rf-amplifier stages. The aUdio-frequency 
(af) modulating signal is impressed on 
the rf carrier in the final rf-power­
amplifier stage (high-level modulation), 
in the rf low-level stage (low-level mod~ 
ulation), or in both. Fig. 16 shows a 
simplified block diagram of the trans­
mitter, portion of a citizens-band trans-



ELECTRON TUBE ApPLICATIONS 17 

27.MH. 
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Fig. 16-Sil1lplified block diagralll /01' the transmitter portion of a 27-MBz commulli­
cations receiver. 

ceiver that operates at a frequency of 
27 MHz (megacycles per second). The 
transmitting section of a communica­
tions system may also include fre­
quency-multiplier circuits which raise 
the frequency of the developed rf signal 
as required. 

Rectification 
The rectifying action of a diode 

finds important applications in supply­
ing a receiver with dc power from an 
ac line and in supplying high dc voltage 
from a high-voltage pulse. A typical 
arrangement for converting ac to dc in­
cludes a rectifier tube, a filter, and a 
voltage divider. The rectifying action 
of the tube is explained briefly under 
Diodes, in the Electrons, Electrodes, 
and Electron Tubes section. High­
voltage pulse rectification is described 
later ,under Horizontal Output Circuits. 

The function of a filter is to 
smooth, out the ripple of the tube out­
put, as indicated in Fig. 17, and to :r /\ /\ ,-o VVV SECONDARY VOLTAGE 

h f\ f\ RECTFIEDVOLTAGE 
PLATE.NRI 

o ~ 
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Fig. 17-Voltage waveforms 01 ji,lU-wave 
rectifier circuit. 

increase rectifier efficiencv. The action 
of the filter is explained in the Electr()D 
Tube Installation section under Filters. 
The voltage divider is used to cut 
down the output voltage to the values 
required by the plates and the other 
electrodes of the tubes in the receiver. 

A half-wave rectifier and a full­
wave rectifier circuit are shown in Fig. 
18. In the half-wave circuit, current 

. 
OUTPUT 

TO 
FILTER 

Fig. l8-Half-wave and full-wave rectifier 
circllits. 

flows through the rectifier tube to the 
filter on every other half-cycle of the ac 
input voltage when the plate is positive 
with respect to the cathode. In the full­
wave circuit, current flows to the filter 
on every half-cycle, through plate NO.1 
on one half-cycle when plate No. 1 is 
positive with respect to the cathode, 
and through plate No. 2 on the next 
half-cycle when plate No.2 is positive 
with respect to the cathode. 



Because the current flow to the 
filter is more uniform in the full-wave 
circuit than in the half-wave circuit, 
the output of the full-wave circuit re­
quires less filtering. Rectifier operating 
information and circuits are given under 
each rectifier tube type and in the 
Circuits section, respectively. 

Parallel operation of rectifier tubes 
furnishes an output current greater than 
that obtainable with the use of one 
tube. For example, when two full­
wave rectifier tubes are connected in 
parallel, the plates of each tube are 
connected together and each tube acts 
as a half-wave rectifier. The permis­
sible voltage and load conditions per 
tube are the same as for full-wave 
service but the total load-handling capa­
bility of the complete rectifier is ap­
proximately doubled. 

When mercury-vapor rectifier tubes 
are connected in parallel, a stabilizing 
resistor of 50 to 100 ohms should be 
connected in series with each plate 
lead in order that each tube will carry 
an equal share of the load. The value 
of the resistor to be used will depend 
on the amount of plate current that 
passes through the rectifier. Low plate 
current requires a high value; high 
plate current, a low value. When the 
plates of mercury-vapor rectifier tubes 
are connected in parallel, the corre­
sponding filament leads should be simi­
larly connected. Otherwise, the tube 
drops will be considerably unbalanced 
and larger stabilizing resistors will be 
required. 

Two or more vacuum rectifier 
tubes can also be connected in parallel 
to give correspondingly higher output 
current and, as a result of paralleling 
their internal resistances, give some­
what increased voltage output. With 
vacuum types, stabilizing resistors may 
or may not be necessary depending on 
the tube type and the circuit. 

A voltage-doubler circuit of simple 
form is shown in Fig. 19. The circuit 
derives its name from the fact that its 
dc voltage output can be as high as 
twice the peak value of ac input. Basic­
ally, a voltage doubler is a rectifier cir­
cuit arranged so that the output voltages 
of two half-wave rectifiers are in series. 
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The action of a voltage doubler 
can be described briefly as follows. On 
the positive half-cycle oLthe ac input, 
that is, when the upper side of the ac 
input line is positive with respect to 
the lower side, the upper diode passes 
current and feeds a positive charge 
into the upper capacitor. As positive 
charge accumulates on the upper 
plate of the capacitor, a positive volt­
age builds up across the capacitor. On 
the next half-cycle of the ac input, 
when the upper side of the line is 
negative with respect to the lower. side, 
the lower diode passes current so that 

Tit Ta :I: SEPARATE: F"ILAM[NT 
TRANSf"ORMER WINDINGS 

Fig. 19-Full-wave voltage-doubler circuit. 

a negative voltage builds up across the 
lower capacitor. 

So long as no current is drawn at 
the output terminals from the capacitor, 
each capacitor can charge up to a volt­
age of magnitUde E, the peak value of 
the ac input. It can be seen from the 
diagram that with a voltage of +E on 
one capacitor and -E on the other, 
the total voltage across the capacitors 
is 2E. Thus the voltage doubler supplies 
a no-load dc output voltage twice as 
large as the peak ac input voltage. 
When current is drawn at the output 
terminals by the load, the output volt­
age drops below 2E by an amount that 
depends on the magnitude of the load 
current and the capacitance of the 
capacitors. The arrangement shown in 
Fig. 19 is called a full-wave voltage 
doubler because each rectifier passes 
current to the load on each halt of the 
ac input cycle. 

Two rectifier types especially de­
signed for use as voltage doublers are 
the 25Z6GT and 117Z6GT.These tubes 
combine two separate diodes in one 
tube. As voltage doublers, the tubes are 
used in "transformerless" receive.rs. In 
these receivers, the heaters of all tubes 
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Fig. 20-Full-wave and hal/-wave voltage-doubler circuits showing heater-supply 
connections. 

in the set are connected in series with a 
voltage-dropping resistor across the line. 
The connections for the heater supply 
and the voltage-doubling circuit are 
shown in Fig. 20. 

With the full-wave voltage-doubler 
circuit in Fig. 20, it will be noted that 
the dc load circuit can not be connected 
to ground or to one side of the ac supply 
line. This circuit presents certain dis­
advantages when the heaters of all the 
tubes in the set are connected in series 
with a resistance across the ac line. 
Such a circuit arrangement may cause 
hum because of the high ac potential 
between the heaters and cathodes of the 
tubes. 

The half-wave voltage-doubler cir­
cuit in Fig. 20 overcomes this difficulty 
by making one side of the ac line com­
mon with the negative side of the dc 
load circuit. In this circuit, one half of 
the tube is used to charge a capacitor 
which, on the following half cycle, dis­
charges in series with the line voltage 
through the other half of the tube. 
This circuit is called a half-wave volt­
age doubler because rectified current 
flows to the load only on alternate 
halves of the ac input cycle. The volt­
age regulation of this arrangement is 
somewhat poorer than that of the full­
wave voltage doubler. 

• 

Detection 
When speech, music, or video in­

formation is transmitted from a radio 
or television station, the station radiates 
a radio-frequency (rf) wave which is 
of either of two general types. In one 
type, the wave is said to be amplitude 
modulated when its frequency remains 
constant and the amplitude is varied. 
In the other type, the wave is said 
to be frequency modulated when its 
amplitude remains essentially constant 
but its frequency is varied. 

The function of the receiver is to 
reproduce the original modulating wave 
from the modulated rf wave. The re­
ceiver stage in which this function is 
performed is called the demodulator or 
detector stage. 

AM Detection 
The effect of amplitude modula­

tion on the waveform of the rf wave is 
shown in Fig. 21. There are three differ­
ent basic circuits used for the detection 
of amplitude-modulated waves: the di­
ode detector, the grid-bias detector, and 
the grid-resistor detector. These circuits 
are alike in that they eliminate, either 
partially or completely, alternate half­
cycles of the rf wave. With alternate 
half-cycles removed, the audio varia­
tions of the other half-cycles can be 

UNUODULATED 
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Fig. 21~Wavelorms showing efJect 01 amplitude modulation on an rl wave. 
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amplified to drive headphones or a loud­
speaker. 

A diode-detector circuit is shown 
in Fig. 22. The action o,f this circuit 
when a modulated rf wave is applied is 

Fig. 22-Basic diode-detector circuit. 
illustrated by Fig. 23. The rf voltage 

applied to the circuit is shown in light 
line; the output voltage across capacitor 
C is shown in heavy line. 

Between points (a) and (b) on the 
first positive half-cycle of the applied rf 
voltage, capacitor C charges up to the 
peak value of the rf voltage. Then as 
the applied rfvoltage falls away from 
its peak value, the capacitor holds the 
cathode at a potential more positive 
than the voltage applied to the anode. 

Fig. 23-Waveforms showing modulated rf 
input (light line) and output voltage (heavy 

line) ·ot diode-detector circuit. 

The capacitor thus temporarily cuts off 
current through the diode. While the 
diode current is cut off, the capacitor 
discharges from (b) to (c) through the 
diode load resistor R. 

When the rf voltage on the anode 
rises high enough to exceed the potential 
at which the capacitor holds the cath­
ode, current flows again and the capaci­
tor charges up to the peak value of the 
second positive half-cycle at (d). In this 
way, the voltage across the capacitor 
follows the peak value of the applied rf 
voltage and reproduces the af modu­
lation. 

The curve for voltage across the 
capacitor, as shown in Fig. 23, is some­
what jagged. However, this jaggedness, 
which represents an rf component in 
th~. voltage across the capacitor, is 
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exaggerated in the drawing. In an actual 
circuit the rf component of the voltage 
across the capacitor is negligible. Hence, 
when the voltage across the capacitor 
is amplified, the output of the amplifier 
reproduces the speech or music originat­
ing at the transmitting station. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When 
the rf signal on the plate swings posi­
tive, the tube conducts and the rectified 
current flows through the load resistance 
R. Because the dc output voltage of a 
rectifier depends on the voltage of the 
ac input, the dc voltage across C 
varies in accordance with the amplitude 
of the rf carrier and thus reproduces 
the af signal. Capacitor C should be 
large enough to smooth out rf or if 
variations, but should not be so large 
as to affect the audio variations. Two 
diodes can be connected in a circuit 
similar to a full-wave rectifier to pro­
vide full-wave detection. However, in 
practice, the advantages of this con­
nection generally do not justify the 
extra circuit complication. 

T,he diode method of detection 
produces less distortion than other 
methods because the dynamic character­
istics of a diode can be made more 
linear than those of other detectors. 
The disadvantages of a diode are that 
it does not amplify the signal, and that 
it draws current from the input circuit 
and therefore reduces the selectivity of 
the' input circuit. However, because the 
diode method of detection produces less 
distortion and because it permits the 
use of simple avc circuits without the 
necessity for an additional voltage sup­
ply, the diode method of detection is 
most widely used in broadcast receivers. 

A typical diode-detector circuit 
using a twin-diode-:-triode tube is shown 
in Fig. 24. Both diodes are connected 
together. R, is the diode load resistor. 
A portion of the af voltage developed 
across this resistor is applied to the 

. triode grid through the volume control 
R •. In a typical circuit, resistor R, may 
be tapped so that five-sixths of the 
total af voltage across R, is applied to 
the volume control. This tapped con­
.nection reduces the af voltage output 



ELECTRON TUBE ApPLICATIONS 

Fig. 24-Typical diode-detector circllit 
using a twin diode-triode tllbe. 

of the detector circuit slightly, but it 
reduces audio distortion and improves 
the rf filtering. 

DC bias for the triode section is 
provided by the cathode-bias resistor R2 
and the audio bypass capacitor Ca. The 
function of capacitor C2 is to block the 
de bias of the cathode from the grid. 
The function of capacitor C. is to by­
pass any rf voltage on the grid to cath­
ode. A twin-diode-pentode may also be 
used in this circuit. With a pentode, 
the af output should be resistance­
coupled rather than transformer-cou­
pled. 

Another diode-detector circuit, 
called a diode-biased circuit, is shown 
in Fig. 25. In this circuit, the triode grid 

Fig. 25-Diode-biased detector circuit. 

is connected directly to a tap on the 
diode load resistor. When an rf signal 
voltage is applied to the diode, the dc 
voltage at the tap supplies bias to the 
triode grid. When the rf signal is modu­
lated, the af voltage at the tap is applied 
to the grid and is amplified by the 
triode. 

The advantage of the circuit shown 
in Fig. 25 over the self-biased arrange­
ment shown in Fig. 24 is that the 
diode-biased circuit does not employ a 
capacitor between the grid and the 
diode load resistor, and consequently 
does not produce as much distortion of 
a signal having a high percentage of 
modulation. 

However, there are restrictions on 
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the use of the diode-biased circuit. Be­
cause the bias voltage on the triode de­
pends on the average amplitude of the 
rf voltage applied to the diode, the 
average amplitude of the voltage ap­
plied to the diode should be constant 
for all values of signal strength at the 
antenna. Otherwise there will be differ­
ent values of bias on the triode grid 
for different signal strengths and the 
triode will produce distortion. Because 
there is no bias applied to the diode­
biased triode when no rf voltage is 
applied to the diode, sufficient resist­
ance should be included in the plate 
circuit of the triode to limit its zero­
bias plate current to a safe value. 

These restrictions mean, in prac­
tice, that the receiver should have a 
separate-channel automatic-volume-con­
trol (ave) system. With such an avc 
system, the average amplitude of the 
signal voltage applied to the diode can 
be held within very close limits for all 
values of signal strength at the antenna. 

The tube used in a diode-biased 
circuit should be one which operates at 
a fairly large value of bias voltage. The 
variations in bias voltage are then a 
small percentage of the total bias and 
hence produce small distortion. Tubes 
taking a fairly large bias voltage are 
types such as the 6BF6 or 6SR7 having 
a medium-mu triode. Tube types having 
a high-mu triode or a pentode should 
not be used in a diode-biased circuit. 

A grid·bias detector circuit is 
shown in Fig. 26. In this circuit, the 
grid is biased almost to cutoff, i.e., 
operated so that the plate current with 
zero signal is practically zero. The bias 
voltage can be obtained from a cathode­
bias resistor, a C-battery, or a bleeder 
tap. Because of the high negative bias, 
only the positive half-cycles of the If 
signal are amplified by the tube. The 
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Fig. 26-Grid-bias detector circllit. 
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signal is, therefore, detected in . the 
plate circuit. The advantages of this 
method of detection are that it am­
plifies the signal, besides detecting it, 
and that it does not draw current from 
the input circuit and therefore does not 
reduce the selectivity of the input 
circuit. 

The grid-resistor-and.capacitor 
method, illustrated in Fig. 27, is some­
what more sensitive than the grid-bias 
method and gives its best results on 
weak signals. In this circuit, there is no 
negative de bias voltage applied to the 
grid. Hence, on the positive half-cycles 
of the rf signal, current flows from grid 
to cathode. The grid and cathode thus 
act as a diode detector, with the grid 
resistor as the diode load resistor and 
the grid capacitor as the rf bypass 
capacitor. The voltage across the capac­
itor then reproduces the af modulation 
in the same manner as has been ex­
plained for the diode detector. This 
voltage appears between the grid and 
cathode and is therefore amplified in 
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Fig. 27-Detector circuit using grid-resistor­
and-capacitor bias. 

the plate circuit. The output voltage 
thus reproduces the original af signal. 

In this detector circuit, the use of 
a high-resistance grid resistor increase.s 
selectivity and sensitivity. However, im­
proved af response and stability are ob­
tained with lower values of grid-circuit 
resistance. This detector circuit ampli­
fies the signal, but draws current from 
the input circuit and therefore reduces 
the selectivity of the input circuit. 

FM Detection 
The effect of frequency modulation 

on the waveform of the rf wave is 
shown in Fig. 28. In this type of trans­
mission, the frequency of the rf wave 
deviates. from a mean value, at an rf 
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UNMODULATEO RF CARRIER 
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',FREQUENCY-MODULATED RF WAVE, 

Fig. 28-Waveforms showing effect of 
frequency modulation on an rf wave. 

rate depending on the modulation, by 
an amount that is determined in the 
transmitter and is proportional to the 
amplitude of the af modulation signal. 

For this type of modulation, a de­
tector is required to discriminate be­
tween deviations above and below the 
mean frequency and to translate those 
deviations into a voltage whose ampli­
tude varies at audio frequencies. Since 
the deviations occur at an audio fre­
quency, the process is one of demodula­
tion, and the degree of frequency devia­
tion determines the amplitude of the 
demodulated (af) voltage. 

A simple circuit for converting fre­
quency variations to amplitude varia­
tions is a circuit which is tuned so that 
the mean radio frequency is on one 
slope of its resonance characteristic, as 
at A of Fig. 29. With modulation, the 

F"REQUENCY 
-Fig. 29-Resonance curve shOWing desired 
operating range lor frequency-modulation 

converter. 
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B+ 
Fig. 30-Balanced phase-shift discriminator circuit. 

frequency swings between Band C, and 
the voltage developed across the circuit 
varies at the modulating rate. In order 
that no distortion will be introduced in 
this circuit, the frequency swing must 
be restricted to the portion of the slope 
which is effectively straight. Since this 
portion is very short, the voltage de­
veloped is low. Because of these limita­
tions, this circuit is not commonly used 
but it serves to illustrate the principle. 

The faults of the simple circuit are 
overcome in a push-pull arrangement, 
such as that shown in Fig. 30, called a 
balanced phase-shift discriminator. In 
this detector, the mutually coupled 
tuned circuits in the primary and sec­
ondary windings of the transformer T 
are tuned to the center frequency. A 
characteristic of a double-tuned trans­
former is that the voltages in the primary 
and secondary windings are 90 degrees 
out of phase at resonance, and that the 
phase shift changes as the frequency 
changes from resonance. Therefore, the 
signal applied to the diodes and the RC 
combinations for peak detection also 
changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, the 
applied primary voltage Ep is added 
to one-half the secondary voltage E. 
through the capacitor Ct. The addition 
of these voltages at resonance can be 
represented by the diagram in Fig. 31(a); 
the resultant voltage El is the signal 
applied to one peak-detector network 
consisting of one diode and its RC load. 
When the signal frequency decreases 
(from resonance), the phase shift of 
E,/2 becomes greater than 90 degrees, 
as shown at (b) in Fig. 31, and El be­
comes smaller. When the signal fre-

quency increases (above resonance), the 
phase shift of E./2 is less than 90 de­
grees as shown at (c), and El becomes 
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Fig. 31-Diagram illustrating phase shift 
in double-timed transformer (a) at reaso­
nance, (b) below resonance, and (c) above 

reasollance. 
larger. The curve of El as a function of 
frequency in Fig. 32 is readily identified 
as the response curve of an FM detector. 

Fig. 33-Diagram shOWing resultant volt­
age El in Fig. 31 as a function of frequency. 

Because the discriminator circuit 
shown in Fig. 30 uses a push-pull con­
figuration, the diodes conduct on alter­
nate half-cycles of the signal frequency 
and produce a plus-and-minus output 
with respect to zero rather than with 
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respect to E1., The primary advantage 
of this arrangement is that there is no 
output at: resonance. When an FM sig­
nal is applied to the input, the audio 
output voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. The 
frequency of this audio voltage is de­
termined by the modulation frequency 
of the FM signal, and the amplitUde of 
the voltage is proportional to the fre­
quency excursion from resonance. (The 
resistor R2 in the circuit provides a dc 
return for the diodes, and also maintains 
a load impedance across the primary 
winding of the transformer.) 

One disadvantage of the balanced 
phase-shift discriminator shown in Fig. 
30 is that it detects audio modulation 
(AM) as well as frequency modulation 
(FM) in the if signal because the cir­
cuit is balanced only at the center fre­
quency. At frequencies off resonance, 
any variation in amplitude of the if 
signal is reproduced to some extent in 
the audio output. 

The ratio-detector circuit shown in 
Fig. 33 is a discriminator circuit which 
has the advantage of being relatively 

-M2 
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placed "ba<;k-to:back"(in series, rather 
than in pmhj?iilI) so that both halves 
of . ~e "cii~~~tbpei:ate, simultaneously 
durinlLbne-=)!alf Qf the signal frequency 
cycle (~p:(F:a~e.cut off on the ather half­
cycl~). AS-a t¢Sult, the detected voltages 
E:. andB. are in series, as shown for 
the instantaneous polarities that occur 
during the conduction half-cycle. When 
the audio output is taken between 
the equal capacitors C1 and C2, there­
fore, the output voltage is equal to 
(B.-E,)12 (for equal resistors Rl and 
R.). 

The dc circuit of the ratio detector 
consists of a path through the secondary 
winding of the transformer, both diodes 
(which are in series), and resistors R, 
and R.. The value of the electrolytic 
capacitor C. is selected so that the time 
constant of R" R., and C. is very long 
compared to the detected audio signal. 
As a result, the sum of the detected 
voltages (El + E2) is a constant and the 
AM components on the signal frequency 
are suppressed. This feature of the ratio 
detector provides improved AM rejec­
tion as compared to the phase-shift 
discriminator circuit shown in Fig. 30. 

1 
'--__ --< ..... __ AUDIO (E2-EI) 

OUTPUT 2 

B+ 
Fig. 33'--Radio-detector circuit. 

insensitive to amplitude variations in 
the FM signal. In this circuit, Eo is 
added to E./2 through the mutual 
coupling M. (this voltage addition may 
be made by either mutual or capacitive 
coupling). Because of the phase-shift 
relationship of these voltages, the re­
sultant detected signals vary with fre­
quencyvariations in the same manner 
as described for the phase-shift discrimi­
nator circuit shown in Fig. 30. However, 
the diodes in the ratio detector are 

Am plification 
, The amplifying action of an elec­

tron tube was mentioned under Triodes 
in the section on Electrons, Electrodes, 
and Electron Tubes. This action can 
be utilized in electronic circuits in a 
number of ways, depending upon the 
results desired. Four classes of am­
plifier service recognized by engineers 
are covered by definitions standardized 
by the Institute of Radio Engineer~ 
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(now the Institute of Electrical and 
Electronics Engineers). This classifica­
tion depends primarily on the fraction 
of input cycle during which plate cur­
rent is expected to flow under rated 
full-load conditions. The classes are 
class A, class AB, class D, and class C. 
The term "cutoff bias" used in these 
definitions is the value of grid bias at 
which plate current is very small. 

Classes oj Service 
A class A amplifier is an amplifier 

in which the grid bias and alternating 
grid voltages are such that plate current 
in a specific tube flows at all times. 

A class AB amplifier is an ampli­
fier in which the grid bias and alter­
nating grid voltages are such that plate 
current in a specific tube flows for ap­
preciably more than half but less than 
the entire electrical cycle. 

A class B amplifier is an amplifier 
in which the grid bias is approximately 
equal to the cutoff value, so that the 
plate current is approximately zero 
when no exciting grid voltage is applied, 
and so that plate current in a specific 
tube flows for approximately one-half 
of each cycle when an alternating grid 
voltage is applied. 

A class C amplifier is an amplifier 
in which the grid bias is appreciably 
greater than the cutoff value, so that the 
plate current in each tube is zero when 
no alternating grid voltage is applied, 
and so that plate current flows in a 
specific tube for appreciably less than 
one-half of each cycle when an alter­
nating grid voltage is applied. 

The suffix 1 may be added to the 
letter or letters of the class identifica­
tion to denote that grid current does 
not flow during any part of the input 
cycle. The suffix 2 may be used to 
denote that grid current flows during 
part of the cycle. 

For radio-frequency (rf) amplifiers 
which operate into a selective tuned 
circuit, as in radio transmitter applica­
tions, or under requirements where dis­
tortion is not an important factor, any 
of the above classes of amplifiers may 
be used, either with a single tube or 
with a push-pull stage. For audio­
frequency (af) amplifiers in which dis-
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tortion is an important factor, only 
class A amplifiers permit single-tube 
operation. In this case, operating con­
ditions are usually chosen so that dis­
tortion is kept below the conventional 
5 per cent for triodes and the con­
ventional7 to 10 per cent for tetrodes 
or pentodes. Distortion· can· be reduced 
below these figures by means of special 
circuit arrangements such as that dis­
cussed under· inverse feedback. With 
class A amplifiers, reduced distortion 
with. improved power performance can 
be obtained by using a push-pull stage 
for audio service. With class AB and 
class B amplifiers, a balanced stage 
using two tubes is required for audio 
service. 

Class A Voltage Amplifiers 

As a class A voltage amplifier, an 
electron tube is used to reproduce grid­
voltage variations across an impedance 
or a resistance in the plate circuit. 
These variations are essentially of the 
same form as the input signal voltage 
impressed on the grid, but their am­
plitude is increased. This increase is 
accomplished by operation of the tube 
at a suitable grid bias so that the 
applied grid input voltage produces 
plate-current variations proportional to 
the signal swings. Because the voltage 
variation obtained in the plate circuit 
is much larger than that required to 
swing the grid, amplification of the 
signal is obtained. 

Fig. 34 gives a graphical illustra­
tion of this method of amplication and 
shows, by means of the grid-voltage vs. 
plate-current characteristics curve, the 
effect of an input signal (S) applied to 
the grid of a tube. The output signal (0) 

Fig. 34-Currenl characteristics of class A 
amplifier. 



26 

is the resulting amplified plate-current 
variation. 

Tl;le plate current flowing through 
the load resistance (R) of Fig. 35 
causes a voltage drop which varies di­
rectly with the plate current. The ratio 
of this voltage variation produced in the 
load resistance to the input signal volt-

LOAD 
R£$15TANCE. 

Fig. 35-Triode amplifier circuit. 

age is the voltage amplification, or gain, 
provided by the tube. The voltage am­
plification due to the tube is expressed 
by the following convenient formulas~ 

Voltage amplification = JLR X+RL 
I. rp 

or gm X r. X RL 
1000000 X (r. + RL) 

where JL is the amplification factor of 
the tube, RL is the load resistance in 
ohms, rp is the plate resistance in ohms, 
and gm is the transconductance in 
micromhos. 

From the first formula, it can be 
seen that the gain actually obtainable 
from the tube is less than the tube 
amplification factor, but that the gain 
approaches the amplification factor 
when the load resistance is large com­
pared to the tube plate resistance. Fig. 
36 shows graphically how the gain ap­
proaches the amplification factor of the 
tube as the load resistance is increased .. 

~ / 
..- I 
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From the curve it can be seen that a 
high value of load resistance should be 
used to obtain high gain in a voltage 
amplifier. 

In a resistance-coupled ampUfier, 
the load resistance of the tube is ap­
proximately equal to the resistance of 
the plate resistor in parallel with the 
grid resistor of the . following stage. 
Hence, to obtain a large value of load 
resistance, it is necessary to use a plate 
resistor and a grid resistor of large 
resistance. However, the plate resistor 
should not be too. large because the 
flow of plate cUrrent through the plate 
resistor produces a voltage drop which 
reduces the plate voltage applied to the 
tube. If the plate resistor is too large, 
this drop will be too large, the plate 
voltage on the tube will be too small, 
and the voltage output of the tube. will 
be too small. Also, the grid resistor 
of the following stage should not be 
too large, the actual maximum value 
being dependent on the particular tube 
type. This precaution is necessary be­
cause all tubes contain minute amounts 
of residual gas which cause a minute 
flow of current through the grid resistor. 
If the grid resistor is too large, the posi­
tive bias developed by the flow of this 
current through the resistor decreases 
the normal negative bias and produces 
an increase in the plate current. This 
increased current may overheat the tube 
and cause liberation of more gas which, 
in turn, will cause further decrease in 
bias. The action is cumulative and re­
sults in a runaway condition which can 
destroy the tube. 

A higher value of grid resistance 
is permissible when cathode-resistor bias 
is used than when fixed bias is used. 

I I 
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Fig. 36-Galn curve jar triode amplifier circuit. , 
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When cathode-resistor bias is used, a 
loss in bias due to gas or grid-emission 
effects is almost completely offset by an 
increase in bias due to the voltage drop 
across the cathode resistor. Typical val­
ues of plate resistor and grid resistor 
for tube types used in resistance-coupled 
circuits, and the values of gain obtain­
able, are shown in the Resistance­
Coupled Amplifier section. 

The input impedance of an elec­
tron tube (that is, the impedance be­
tween grid and cathode) consists of 
(1) a reactive component due to the 
capacitance between grid and cathode, 
(2) a resistive component resulting from 
the time of transit of electrons between 
cathode and grid, and (3) a resistive 
component developed by the part of 
the cathode lead inductance which is 
common to both the input and output 
circuits. Components (2) and (3) are 
dependent on the frequency of the in­
coming signal. The input impedance is 
very high at audio frequencies when 
a tube is operated with its grid biased 
negative. In a class Al or ABl trans­
former-coupled audio amplifier, there­
fore, the loading imposed by the grid 
on the input transformer is negligible. 
As a result, the secondary impedance 
of a class Al or class ABl input trans­
former can be made very high because 
the choice is not limited by the input 
impedance of the tube; however, trans­
former design considerations may limit 
the choice. 

At the higher radio frequencies, 
the input impedance may become very 
low even when the grid is negative, due 
to the finite time of passage of elec­
trons between cathode and grid and to 
the appreciable lead reactance. This 
impedance drops very rapidly as the 
frequency is raised, and increases input­
circuit loading. In fact, the input im­
pedance may become low enough at 
very high radio frequencies to affect 
the gain and selectivity of a preceding 
stage appreciably. Tubes such as the 
"acorn" and "pencil" types and the 
high-frequency miniatures have been 
developed to have low input capac­
itances, low electron-transit time, and 
low lead inductance so that their input 
impedance is high even at the ultra-
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high radio frequencies. Input ad­
mittance is the reciprocal of input 
impedance. 

A remote-cutoff amplifier tube is 
a modified construction of a pentode 
or a tetrode type designed to reduce 
modulation-distortion and cross-modu­
lation in radio-frequency stages. Cross­
modulation is the effect produced in a 
radio or television receiver by an in­
terfering station "riding through" on 
the carrier of the station to which the 
receiver is tuned. Modulation-distortion 
is a distortion of the modulated carrier 
and appears as audio-frequency distor­
tion in the output. This effect is pro­
duced by a radio-frequency amplifier 
stage operating on an excessively curved 
characteristic when the grid bias has 
been increased to reduce volume. The 
offending stage for cross-modulation is 
usually the first radio-frequency am­
plifier, while for modulation-distortion 
the cause is usually the last interme­
diate-frequency stage. The character­
istics of remote-cutoff types are such 
as to enable them to handle both large 
and small input signals with minimum 
distortion over a wide range of signal 
strength. 

Fig. 37 illustrates the construction 
of the grid No. 1 (control grid) in a 
remote-cutoff tube. The remote-cutoff 

SUPPRESSOR 
GRIO 

Fig. 37-Structure of remote-cutoff grid. 

action is due to the structure of the grid 
which provides a variation in amplifica­
tion factor with change in grid bias. The 
grid No. 1 is wound with open spacing 
at the middle and with close spacing 
at the ends. When weak signals and 
low grid bias are· applied to the tube, 
the effect of the non-uniform turn spac­
ing of the grid on cathode emission and 
tube characteristics is essentially the 
.same as for uniform spacing. As the 
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grid bias is made more negative to 
handle larger input signals, the electron 
flow from the sections of the, cathode 
enclosed by the ends of the grid is 
cut off. The plate Cllrrent and other 
tube characteristics are then dependent 
on the electron flow through the open 
section of the grid. This action changes 
the gain of the tube so that large 
signals may be handled with minimum 
distortion due to cross-modulation and 
modulation-distortion. 

Fig. 38 shows a typical plate-cur­
rent vs. grid-voltage curve for a remote­
cutoff type compared with the curve 

Fig. 38-Plate-current curves for triodes 
having remote-cutoff and uniformly spaced 

grids. 

for a type having a uniformly spaced 
grid. It will be noted that while the 
curves are similar at small grid-bias 
voltages, the plate current of the re­
mote-cutoff tube drops quite slowly 
with large values of bias voltage. This 
slow change makes it possible for the 
tube to handle large signals satisfac­
torily. Because remote-cutoff types can 
accommodate large and small signals, 
they are particularly suitable for use 
in sets having automatic volume con­
trol. Remote-cutoff tubes also are 
known as variable-mu types. 

Class A Power Amplifiers 
As a class A power amplifier, an 

electron tube is used in the output stage 
of a radio or television receiver to sup­
ply a relatively large amount of power 
to the loudspeaker. For this applica­
tion, large power output is of more 
importance than high voltage amplifica­
tion; therefore, gain possibilities are 
sacrificed in the design of power tubes 
to obtain power-handling capability. 

Triodes, pentodes, and beam power 
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tubes designed for power amplifier serv­
ice have certain inherent features for 
each structure. Power tubes of the 
triode type for class A service are 
characterized by low power sensitivity, 
low plate-power efficiency, and low dis­
tortion. Power tubes of the pentode 
type are characterized by high power 
sensitivity, high plate-power efficiency 
and, usually, somewhat higher distor­
tion than class A triodes. Beam power 
tubes have higher power sensitivity and 
efficiency than triode or conventional 
pentode types. 

A class A power amplifier is also 
used as a driver to supply power to a 
class AB. or a class B stage. It is 
usually advisable to use a triode, rather 
than a pentode, in a driver stage be­
cause of the lower plate impedance 
of the triode. 

Power tubes connected in either 
parallel or push-pull may be employed 
as class A amplifiers to obtain increased 
output. The parallel connection (Fig. 
39) provides twice the output of a 
single tube with the same value of grid­
signal voltage. With this connection, 
the effective transconductance of the 
stage is doubled, and the effective plate 

8+ .- AG ,ILAMENT S""""" 

Fig. 39-Power amplifier with tube!J 
COlliteCled 1II parallel. 

resistance and the load resistance re­
quired are halved as compared with, 
single-tube values. 

The push-pull connection (Fig. 40), 
although it requires twice the grid­
signal voltage, provides increased power 
and has other important advantages 
over single-tube operation. Distortion 
caused by even-order harmonics and 
hum caused by plate-voltage-supply 
fluctuations are either eliminated or 
decidedly reduced through cancellation. 
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Because distortion for push-pull opera­
tion is less than for single-tube opera­
tion, appreciably more than twice 
single-tube output can be obtained with 
triodes by decreasing the load resist­
ance for the stage to a value approach­
ing the load resistance for a single tube. 

For either parallel or push-pull 
class A operation of two tubes, all elec­
trode currents are doubled while all dc 
electrode voltages remain the same as 
for single-tube operation. If a cathode 
resistor is used, its value should be 
about one-half that for a single tube. 

e + e- AC HEATER SUPPlY 

Fig. 40-Power amplifier with tubes 
connected in push-pull. 

If oscillations occur with either type of 
connection, they can often be elimi­
nated by the use of a non-inductive 
resistor of approximately 100 ohms 
connected in series with each grid at 
the socket terminal. 

Operation of power tubes so that 
the grids run positive is inadvisable 
except under conditions such as those 
discussed in this section for class AB 
and class B amplifiers. 

Power-Output Calculations 
Calculation of the power output of 

a triode used as a class A amplifier with 
either an output transformer or a choke 
having low de resistance can be made 

~I 
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without serious error from the plate 
family of curves by assuming a resist­
ance load. The proper plate current, 
grid bias, optimum load resistance, and 
per-cent second-harmonic distortion can 
also be determined. The calculations are 
made graphically and are illustrated in 
Fig. 41 for given conditions. The pro­
cedure is as follows: 

(1) Locate the zero-signal bias 
point P by determining the zero-signal 
bias Eco from the formula: 

Zero-signal bias (Eeo) = -(0.68 X Eb)/I£ 

where Eb is the chosen value in volts of 
dc plate voltage at which the tube is to 
be operated, and p. is the amplification 
factor of the tube. This quantity is 
shown as negative to indicate that a 
negative bias is used. 

(2) Locate the value of zero-signal 
plate current, 10 , corresponding to 
point P. 

(3) Locate the point 210 , which is 
twice the value of 10 and corresponds to 
the value of the maximum-signal plate 
current Im • x • 

(4) Locate the point X on the dc 
bias curve at zero volts, Ee = 0, corre­
sponding to the value of 1m.,.. 

(5) Draw a straight line XY 
through X and P. 

Line XY is known as the load re­
sistance line. Its slope corresponds to 
the value of the load resistance. The 
load resistanee in ohms is equal to 
(Emax - Emln) divided by (Imax - Imln), 
where E is in volts and I is in amperes. 

It should be noted that in the case 
of filament types of tubes, the calcula­
tions are given on the basis of a dc­
operated filament. When the filament is 
ac-operated, the calculated value of dc 
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PiC" 41-Graphic calculations for class A amplifier using q power triotle; 
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bias should be increased by .approxi­
mately one-half the filament voltage 
rating of the tube. 

The value of zero-signal plate cur­
rent I. should be used to determine the 
plate dissipation, an important factor 
influencing tube life. In a class A am­
plifier under zero-signal conditions, the 
plate dissipation is equal. to the power 
input, i.e., the product of the dc plate 
voltage E. and the zero-signal dc plate 
current I •. If it is found that the plate­
dissipation rating of the tube is exceeded 
with the zero-signal bias Be. calculated 
above, it will be necessary to increase 
the bias by a sufficient amount so that 
the actual plate dissipation does not ex­
ceed the rating before proceeding fur­
ther with the remaining calculations. 

For power-output calculations, it 
is assumed that the peak alternating 
grid voltage is sufficient (1) to swing the 
grid from the zero-signal bias value Ec. 
to zero bias (Ee = 0) on the positive 
swing and (2) to swing the grid to a 
value twice the zero-signal bias value 
on the negative swing. During the 
negative swing, the plate voltage and 
plate current reach values of Emu and 
I mln; during the positive swing, they 
reach values of Em1n and 1m ... Because 
power is the product of voltage and 
current, the power output P. as shown 
by a watt-meter is given by 

P (Imax-Imln) X (Emax-Emln) • = 8 

where E is in volts, I is in amperes, 
and P. is in watts. 

In the output of power-amplifier 
triodes, some distortion is present. This 
distortion is due predominantly to sec­
ond harmonics in single-tube amplifiers. 
The percentage of second-harmonic dis­
tortion may be calculated by the follow­
ing formula: 

Imax + Imln i. 
% distortion = I 2 X 100 

max: Imln 

where I. is the zero-signal plate current 
in amperes. If the distortion is exces­
sive, the load resistance should be in­
creased or, occasionally, decreased 
slightly and the calculations repeated. 

Example: Determine the load re­
sistance, power output, and distortion 

RCA RECEIVING TUBE MANUAL . 

of a triode having an amplification fac­
tor of 4.2, a plate-dissipation rating of. 
15 watts, and plate-characteristics curves 
as shown in Fig. 41. The tube is to be 
operated at 250 volts on the plate. 

Procedure: For a first approxima­
tion, determine the operating point P 
from the zero-signal bias formula, Ec. 
= -(0.68 X 250) /4.2 = -40.5 volts. 
From the curve for this voltage, it is 
found that the zero-signal plate current 
is 0.08 ampere and, therefore, the plate­
dissipation rating is exceeded (0.08 X 
250 = 20 watts). Consequently, it is 
necessary to reduce the zero-signal 
plate current to 0.06 ampere at 250 
volts. The grid bias is then -43.5 volts. 
Note that the curve was taken with a 
dc filament supply; if the filament is 
to be operated on an ac supply, the 
bias must be increased by about one­
half the filament voltage, or to -45 
volts, and the circuit returns made to 
the mid-point of the filament circuit. 

Point X can then be determined. 
Point X is at the intersection of the dc 
bias curve at zero volts with I max, where 
Imax = 21. = 2 X 0.06 = 0.12 ampere. 
Line XY is drawn through points P and 
X. Em .. , Em1n, and 1m In are then found 
from the curves. When these values 
are substituted in the power-output foro, 
mula, the following result is obtained: 
p _ (0.12 - 0.012) X (365 - 105) _ 3 52 tt 
.- 8 -. wa s 

The resistance represented by load 
line XY is 

(365 -105) 
(0.12 0.012) 2410 ohms 

When the values from the curves 
are substituted in the distortion for­
mula, the following result is obtained: 

0.12 ~ 0.012 -0.06 

% distortion = X 100 = 5.5% 
0.12 - 0.012. 

It is customary to select the load 
resistance so that the distortion does not 
exceed five per cent. When the method 
shown is used to determine the slope of 
the load-resistance line, the second-har­
monic distortion generally does not ex­
ceed five per cent. In the example, 
however, the distortion is excessive and 
it is desirable, therefore, to use a slightly 
higher load resistance. A load resistance 
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of 2500 ohms will provide a distortion 
of about 4.9 per cent. The power out­
put is reduced only slightly to 3.5 watts. 

Operating conditions for triodes in 
push-pull depend on the type of opera­
tion desired. Under class A conditions, 
distortion, power output, and efficiency 
are all relatively low. The operating bias 
can be anywhere between that specified 
for single-tube operation and that equal 
to one-half the grid-bias voltage re­
quired to produce plate-current cutoff 
at a plate voltage of 1.4Eo, where E. is 
the operating plate voltage. Higher bias 
than this value requires higher grid­
signal voltage and results in class AB, 
operation, which is discussed later. 

The method for calculating maxi­
mum power output for triodes in push­
pull class A operation· is as follows: 
Erect a vertical line at 0.6 Eo (see Fig. 
42), intersecting the Ee = 0 curve at the 
point 1m... Then, 1m.. is determined 
from the curve for use in the formula 

Po = (lmax X Eo}/S 

If Imax is expressed in amperes and Eo 
in volts, power output is in watts. 
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Example: Assume that the plate 
voltage (Eo) is to be 300 volts, and the 
plate-dissipation rating of the tube is 15 
watts. Then, for class A operation,. the 
operating bias can be equal to, but not 
more than, one-half the grid bias for 
cutoff with a plate voltage of 1.4 X 300 
= 420 volts. (Since cutoff bias is ap­
proximately -115 volts at a plate volt­
age of 420 volts, one-half of this value 
is -57.5 volts bias.) At this bias, the 
plate current is found from the plate 
family to be 0.054 ampere and, there­
fore, the plate dissipation is 0.054 X 
300 or 16.2 watts. Since -57.5 volts 
is the limit of bias for class A opera­
tion of these tubes at a plate voltage 
of 300 volts, the dissipation cannot be 
reduced by increasing the bias and it 
becomes necessary to reduce the plate 
voltage. 

If the plate voltage is reduced to 
250 volts, the bias will be found to be 
-43.5 volts. For this value, the plate 
current is 0.06 ampere, and the plate 
dissipation is 15 watts. Then, following 
the method for calculating power out­
put, erect a vertical line at 0.6Eo = 150 

2~0 300 
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Fig. 42-Graphic calculations jor push-pull class A amplifier using a power triode. 

The method for determining the 
proper load resistance for triodes in 
push-pull is as follows: Draw a load line 
through 1m .. on the zero-bias curve and 
through the Eo point on the zero-current 
axis. Four times the resistance repre­
sented by this load line is the plate-to­
plate load (Rpp) for two triodes in a 
class A push-pull amplifier. Expressed 
as a formula, 

Rpp = 4 X (Eo - O.6Eo) lImn 

where Eo is expressed in volts, 1m .. in 
amperes, and Rpp in ohms. 

volts. The intersection of the line with 
the curve E. = 0 is Imax or 0.2 ampere. 
When this value is substituted in the 
power formula, the power output is 
(0.2 X 250)/5 = 10 watts. The load 
resistance is determined from the load 
formula: Plate-to-plate load (Rpp) = 4 
X (250 - 150)/0.2 = 2000 ohms. 

Power output for a pentode or a 
beam power tube as a class A amplifier 
can be calculated in much the same 
way as for triodes. Calculations can be 
made graphically from a special plate 
family of curves, as shown in Fig. 43. 
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Fig. 43-,-Graphic calculations for class A amplifier /Ising a pentode or beam power tube. 

From a point A at or just below 
the knee of the zero-bias curve, draw 
arbitrarily selected load lines to inter­
sect the zero-plate-current axis. These 
lines should be on both sides of the 
operating point P, whose position is 
determined by the desired operating 
plate voltage, Eo, and one-half the 
maximum-signal plate current. Along 
any load line, say AA" measure the 
distance AOlo On the same line, lay 
off an equal distance, 0,&. For opti­
mum operation, the change in bias from 
A to 0 1 should be nearly equal to the 
change in bias from 0 1 to At. If this 
condition can not be met with one line, 
as is the case for the line first chosen, 
then another should be chosen. When 
the most satisfactory line has been se­
lected, its resistance may be determined 
by the following formula: 

Load resistance (RL) = ~Dlax - ~m hi 
max min 

The value of RL may then be sub~ 
stituted in the following formula for 
calculating power output. 

P _ [Imax - Imln + 1.41 (Ix _1y)]2 Rr. 
• - 32 

In both of these formulas, I is in 
amperes, E is in volts, RL is in ohms, 
and Po is in watts. Is and IT are the cur­
rent values on the load line at bias volt­
ages of Eel = V - 0.707V = 0.293V 
and Eel = V + O.707V = 1.107V. re­
spectively. 

Calculations for distortion may be 
made by means of the following formu-

las. The terms used have already been 
defined. 

% 2nd-harmonic distortion = 
1m .. : + 1m In - 2 10 X 100 

Imos -Imln + 1.41 (h- IT) 
% 3rd-harmonic distortion = 

Imos -Imln -1.41 (I" - Iy) X 100 
Imos - Imln + 1.41 (Ix - Iy) 

% total (2nd and 3rd) harmonic distortion = 
V(% 2nd)" + (% 3rd)! 

Conversion Factors 

Operating conditions for voltage 
values other than those shown in the 
published data can be obtained by use 
of the nomograph shown in Fig. 44 
when all electrode voltages are changed 
simultaneously in the same ratio. The 
nomograph includes conversion factors 
for current (FI), power output (Fp). 
plate resistance or load resistance (Fr). 
and transconductance (Fc") for voltage 
ratios between 0.5 and 2.0. These fac­
tors are expressed as functions of the 
ratio between the desired or new volt­
age for any electrode (Ed,,) and the 
published or original value of that volt­
age (Epub). The relations shown are ap­
plicable to triodes and multigrid tubes 
in all classes of service. 

To use the nomograph, simply 
place a straight-edge across the page so 
that it intersects the scales for Ea •• and 
Epub at the desired values. The desired 
conversion factor may then be read 
directly or estimated at the point where 
the straight-edge intersects the FI, Fp 
F.. or F 1m scale. 
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For example, suppose it is desired 
to operate two 6L6GC's in class A, 
push-pull, fixed bias; with a plate volt­
age of 200 volts. The nearest published 
operating conditions for this class of 
service are for a plate voltage of 250 
volts. The operating conditions for the 
new plate voltage can be determined 
as follows: 

The voltage conversion factor, F., 
is equal to 2001250 or 0.8. The dashed 
lines on the nomograph of Fig. 44 indi­
cate that for this voltage ratio F I is 
approximately 0.72, Fp is approximately 
0.57, Fr is 1.12, and F gm is approxi­
mately 0.892. These factors may be 
applied directly to operating values 
shown in the tube data, or to values 
calculated by the methods described 
previously. 

Because this method for conversion 
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of characteristics is necessarily an ap­
proximation, the accuracy of the nomo­
graph decreases progressively as the 
ratio Ed •• /Epub departs from unity. In 
general, results are substantially correct 
when the value of the ratio Ed •• /Boub is 
between 0.7 and 1.5. Beyond these lim­
its, the accuracy decreases rapidly, and 
the results obtained must be considered 
rough approximations. 

The nomograph does not take into 
consideration the effects of contact po­
tential or secondary emission in tubes. 
Because contact-potential effects be­
come noticeable only at very small de 
grid-No. 1 (bias) voltages, they are 
generally negligible in power tubes. 
Secondary emission may occur in con­
ventional tetrodes, however, if the plate 
voltage swings below the grid-No. 2 
voltage. Consequently, the conversion 
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Fig. 44-Nomograph of tube conversion factors. 
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factors shown in the l\omograph apply 
to such tubes only when'the plate volt­
age is :greater than the grid-No.2 volt­
age. Because secondary emission may 
also occur in certain beain power tubes 
at very low values. of plate current and 
plate voltage, the conversion factors 
shown in the nomograph do not apply 
when these tubes are operated under 
such conditions. 

Class AB Power Amplifiers 
A class AB power' amplifier em­

ploys two tubes connected in push-pull 
with a higher negative grid bias than is 
used in a class A stage. With this higher 
negative bias, the plate' and screen­
grid voltages can usually be made 
higher than for class A amplifiers be­
cause the increased negative bias holds 
plate current within the limit of the 
tube plate-dissipation rating. As a result 
of these higher voltages, more power 
output can 'be obtained from class AB 
operation. . ,c 

Class AB amplifiers are subdivided 
into class AB t and class AB •. In class 
ABt , there is no flow of grid current. 
That is, the peak signal voltage applied 
to each grid is not greater than the 
negative grid-bias voltage. The grids 
therefore are not driven to a positive 
potential and do not draw current. In 
class AB., the peak signal voltage is 
greater than the bias so that the grids 
are driven positive and draw current. 
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Because of the flow of grid current 
in a, class AB. stage, there is a loss of 
power in the grid circuit. The sum of 
this loss and the loss in the input trans­
former is the total driving power re­
quired by the grid circuit. The driver 
stage should be capable of a power 
output considerably larger than this re­
quired power in order that distortion 
introduced in the grid circuit be kept 
low. The input transformer used in a 
class AB. amplifier usually has a step­
down turns ratio. 

Because of the large fluctuations of 
plate current in a class AB. stage, it is 
important that the plate power supply 
have good regulation. Otherwise the 
fluctuations in plate current cause fluc­
tuations in the voltage output of the 
power supply, with the result that power 
output is decreased and distortion is in­
creased. To obtain satisfactory regula­
tion, it is usually advisable to use a 
low-drop rectifier, such as the 5V 4GA, 
with a choke-input filter. In all cases, 
the resistance of the choke and trans­
formers should be as low as possible. 

Class AB, Power Amplifiers 
In class ABt push-pull amplifier 

service using triodes, the operating 
conditions may be determined graphi­
cally by means of the plate family if 
Eo, the desired operating plate voltage, 
is given. In this service, the dynamic 
load line does not pass through the 
operating point P as in the case of the 
single-tube amplifier, but through the 
point D in Fig. 45. Its position is not 
affected by the operating grid bias pro­
vided. the plate-to-plate load resistance 
remains constant. 

Under these conditions, grid bias 
has no appreciable effect on the power 

Fig. 45-Graphic calculations for class AB, amplifier Fig. 46-lnstantaneous curve 
using a power triode. for class AB, amplifier. 
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output. Grid bias cannot be neglected, 
however, since it is used to find the 
zero-signal plate current and, from it, 
the zero-signal plate· dissipation. Be­
cause the grid bias is higher in class 
AB, than in class A service for the same 
plate voltage, a higher signal voltage 
may be used without grid current be­
ing drawn and, therefore, higher power 
output is obtained. 

In general, for any load line 
through point D, Fig. 45, the plate-to­
plate load resistance in ohms of a push­
pull amplifier is R •• = 4Eo/I', where 
I' is the plate-current value in am­
peres at which the load line as pro­
jected intersects the plate-current axis, 
and Eo is in volts. This formula is an­
other form of the one given under push­
pull class A amplifiers, Ro. = 4(E. -
0.6Eo)/Imax, but is more general. Power 
output = (1, •• ./V2)2 X Rop/4, where 
Imox is the peak plate current at zero 
grid volts for the load chosen. This 
formula simplified is (Imox)2 X Rpp/8. 
The maximum-signal average plate cur­
rent is 21max/7l' or 0.636 Imax; the maxi­
mum-signal average power input is 
0.636 Im • x X Eo. 

lt is desirable to simplify these 
formulas for a first approximation. This 
simplification can be made if it is as­
sumed that the peak plate current, Imax, 
occurs at the point of the zero-bias 
curve corresponding approximately to 
0.6 Eo, the condition for maximum 
power output. The simplified formulas 
are: 

Po (for two tubes) = (lm." X Eo)/S 
Rop = 1.6Eo/Imax 

where E. is in volts, 1m." is in amperes, 
R •• is in ohms, and P. is in watts. 

It may be found during subsequent 
calculations that the distortion or the 
plate dissipation is excessive for this ap­
proximation; in that case, a different 
load resistance must be selected, using 
the first approximation as a guide, and 
the process repeated to obtain satisfac­
tory operating conditions. 

Example: Fig. 45 illustrates the 
application of this method to a pair of 
power triodes operated at Eo = 300 
volts. Each tube has a plate-dissipation 
rating of 15 watts. The method is to 
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erect a vertical line at 0.6Eo, or at 180 
volts, which intersects the Ec = 0 curve 
at the point In.ax = 0.26 ampere. Using 
the simplified formulas" the following 
values are obtained: 

Ro. = (1.6 X 300)/0.26 = 1845 ohms 
Po = (0.26 X 300)/5 = 15.6 watts 

At this point, it is well to determine 
the plate dissipation and to compare 
it with the maximum rated value. 
From the average-plate-current formula 
(0.636 Imox) mentioned previously, the 
maximum-signal average plate current 
is 0.166 ampere. The product of this 
current and the operating plate voltage 
is 49.8 watts, the average input to the 
two tubes. From this value, subtract 
the power output of 15.6 watts to ob­
tain the total dissipation for both tubes, 
which is 34.2 watts. Half of this value, 
17 watts, is in excess of the IS-watt 
rating of the tube and it is necessary, 
therefore, to assume another and higher 
load resistance so that the plate-dissipa­
tion rating will not be exceeded. 

It will be found that at an operat­
ing plate voltage of 300 volts the tubes 
require a plate-to-plate load resistance 
of 3000 ohms. From the formula for 
R.p, the value of I' is found to be 0.4 
ampere. The load line for the 3000-
ohm load resistance is then represented 
by a straight line from the point I' = 
0.4 ampere on the plate-current ordi­
nate to the point Eo = 300 volts on 
the plate-voltage abscissa. At the inter­
section of the load line with the zero­
bias curve, the peak plate current, Imax, 

can be read at 0.2 ampere. Then 

Po = (Im.,,1 v'2)' X Rpp/4 
= (0.211.41)2 X 300014 
= 15 watts 

Proceeding as in the first approxima­
tion, it is found that the maximum­
signal average plate current, 0.636Im .. , 
is 0.127 ampere, and the maximum­
signal average power input is 38.1 watts. 
This input minus the power output is 
38.1 - 15 = 23.1 watts. This value is 
the dissipation for two tubes; the value 
per tube is 11.6 watts, a value well 
within the rating of this tube type. 

The operating bias and the zero­
signal plate current may then be found 
by use of a curve which is derived from 
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the plate family and the load line. Fig: 
46 is a curve of instantaneous values of 
plate current and dc grid-bias voltli,ges 
taken from Fig. 45. Values of grid bias 
are read from each of the grid-bias 
curves of Fig. 45 along the load line 
and are transferred to Fig. 46" to pro­
duce the curved line from A to C. A 
tangent to this curve, starting at A, is 
drawn to intersect the grid-voltage 
abscissa. The point of intersection, B, 
is the operating grid bias for fixed-bias 
operation. In the example, the bias is 
-60 volts. Refer back to the plate 
family at the operating conditions of 
plate volts = 300 and grid bias = -60 
volts; the zero-signal plate current per 
tube is seen to be 0.04 ampere. 

This procedure locates the operat­
ing point for each tube at P. The plate 
current must be doubled, of course, to 
obtain the zero-signal plate current for 
both tubes. Under maximum-signal con­
ditions, the signal vQltage swings from 
zero-signal bias voltage to zero bias for 
each tube on alternate half cycles. 
Hence, in the example, the peak of sig­
nal voltage per tube is 60 volts, or the 
grid-to-grid value is 120 volts. 

As in the case of the push-pull class 
A amplifier, the second-harmonic dis­
tortion in a class AB, amplifier using 
triodes is very small and is largely can­
celed by virtue of the push-pull con­
nection. Third-harmonic distortion, 
however, which may be larger than 
permissible, can be found by means of 
composite characteristic curves. A com­
plete family of curves can be plotted, 
but for the present purpose only the one 
corresponding to a grid bias of one-half 
the peak grid-voltage swing is needed. 
In the example, the peak grid voltage 
per tube is 60 volts, and the half value 
is 30 volts. The composite curve, since 
it is nearly a straight line, can be con­
structed with only two points (see Fig. 
45). These two points are obtained from 
deviations above and below the operat­
ing grid and plate voltages. 

In order to find the curve for a 
bias of -30 volts, a deviation of 30 
volts from the operating grid voltage 
of -60 volts is assumed. Next assume 
a deviation from the operating plate 
voltage of, say, 40 volts. Then at 300 
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-40 = 260 volts, erect a vertical line 
to intersect the (-60) - (-30) = -30-
volt bias curve and read the. plate cur­
rent at this intersection, which is 0.167 
ampere; likewise, at the intersection 
of a vertical line at 300 + 40 = 340 
volts and the (-60) + (-30) = -90-
volt bias curve, read the plate current. 
In this example, the plate current is 
estimated to be 0.002 ampere. The dif­
ference of 0.165 ampere between these 
two currents determines the point E 
on the 300 - 40 = 260-volt vertical. 
Similarly, another point F on the same 
composite curve is found by assuming 
the same grid-bias deviation but a 
larger plate-voltage deviation, say, 100 

. volts. 
These steps provide points at 260 

volts and 0.165 ampere (E), and at 200 
volts and 0.045 ampere (F). A straight 
line through these points is the com­
posite curve for a bias of -30 volts, 
shown as a long-short dash line in Fig. 
45. At the intersection of the composite 
curve and the load line, G, the instan­
taneous composite plate current at the 
point of one-half the peak signal swing 
is determined. This current value, desig­
nated 10 •6 and the peak plate current, 
Imm are used in the following formula 
to find the peak value of the third­
harmonic component of plate current. 

Th. = (210.5 - Imn) /3 

In the example, where 10 •6 is 0.097 am­
pere and Imn is 0.2 ampere, Ib3 = 
(2 X 0.097 ..,.. 0.2)/3 = (0.194 - 0.2)/3 = -0.006/3 = -0.002 ampere. (The 
fact that lb. is negative indicates that the 
phase relation of the fundamental (first­
harmonic) and third-harmonic com­
ponents of the plate current is such as 
to result in a slightly peaked wave form. 
1b3 is positive in some cases, indicating 
a flattening of the wave form.) 

The peak value of the fundamental 
or first~harmonic component of the plate 
current is found by the following 
formula: 

Thl = 2/3 X (Iron + 10.0) 

In the example, 1M = 2/3 X (0.2 + 
0.097) = 0.198 ampere. Thus, the per­
centage of third-harmonic distortion is 
(1M/1M) X 100 = (0.002/0.198) X 100 
== 1 per cent approx. 
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Class AB. Power Amplifiers 
A class AB. amplifier employs two 

tubes connected in push-pull as in the 
case of class AB, amplifiers. It differs 
in that it is biased so that plate cur­
rent flows for somewhat more than half 
the electrical cycle but less than the 
full cycle, the peak signal voltage is 
greater than the de bias voltage, grid 
current is drawn, and, consequently, 
power is consumed in the grid circuit. 
These conditions permit high power out­
put to be obtained without excessive 
plate dissipation. 

The sum of the power used in the 
grid circuit and the losses in the input 
transformer is the total driving power 
required by the grid circuit. The driver 
stage should be capable of a power out­
put considerably larger than this re­
quired power in order that distortion 
introduced in the grid circuit be kept 
low. In addition, the internal impedance 
of the driver stage as reflected into or 
as effective in the grid circuit of the 
power stage should always be as low as 
possible in order that distortion may be 
kept low. The input transformer used 
in a class AB. stage usually has a step­
down ratio adjusted for this condition. 

Load resistance, plate dissipation, 
power output, and distortion determina­
tions are similar to those for class AB,. 
These quantities are interdependent 
with peak grid-voltage swing and driv­
ing power; a satisfactory set of operat­
ing conditions involves a series of 
approximations. The load resistance and 
signal swing are limited by the per­
missible grid current and power and the 
distortion. If the load resistance is too 
high or the signal swing is excessive, the 
plate-dissipation rating will be exceeded, 
distortion will be high, and the driving 
power will be unnecessarily high. 

Class B Power Amplifiers 
A class B amplifier employs two 

tubes connected in push-pull, so biased 
that plate current is almost zero when 
no signal voltage is applied to the grids. 
Because of this low value of no-signal 
plate current, class B amplification has 
the same advantage as class AB., i.e., 
large power output can be obtained 
without excessive plllte dissipation. 
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Class B operation differs from class AB. 
in that plate current is cut off for a 
larger portion of the negative grid 
swing, and the signal swing is usually 
larger than in class AB. operation. 

Because certain triodes used as 
class B amplifiers are designed to op­
erate very close to zero bias, the grid 
of each tube is at a positive potential 
during all or most of the positive half­
cycle of its signal swing. In this type of 
triode operation, considerable grid cur­
rent is drawn and there is a loss of 
power in the grid circuit. This condi­
tion imposes the same requirement in 
the driver stage as in a class AB. stage; 
i.e., the driver should be capable of de­
livering considerably more power out­
put than the power required for the 
grid circuit of the class B amplifier so 
that distortion will be low. Similarly, 
the interstage transformer between the 
driver and the class B stage usually has 
a step-down turns ratio. Because of the 
high dissipations involved in class B 
operation at zero bias, it is not feasible 
to use tetrodes or pentodes in this type 
of class B operation. 

Determination of load resistance, 
plate dissipation, power output, and dis­
tortion is similar to that for a class AB. 
stage. 

Power amplifier tubes designed for 
class A operation can be used in class 
AB. and class B service under suitable 
operating conditions. There are several 
tube types designed especially for class 
B service. The characteristic common to 
all of these types is a high amplifica­
tion factor. With a high amplification 
factor, plate current is small even when 
the grid bias is zero. These tubes, there­
fore, can be operated in class B service 
at a bias of zero volts so that no bias 
supply is required. A number of class B 
amplifier tubes consist of two triode 
units mounted in one tube. The two 
units can be connected in push-pull so 
that only one tube is required for a 
class B stage. 

Cathode-Drive Circuits 
The preceding text has discussed 

the use of tubes in the conventional 
grid,.drive type of amplifier-that is, 
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where the cathode is common to both 
the input and output circuits. Tubes 
may also be employed as amplifiers in 
circuit arrangements which utilize the 
grid or plate as the common terminal. 
Probably the most important of these 
amplifiers are the cathode-drive circuit, 
which is discussed below, and the cath­
ode-follower circuit, which will be dis­
cussed later' in connection with inverse 
feedback. 

A typical cathode-drive circuit is 
shown in Fig. 47. The load is placed in 
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Fig. 47-Cathode-drive circuit. 

the plate circuit and the output voltage 
is taken off between the plate and 
ground as in the grid-drive method of 
operation. The grid is grounded, and 
the input voltage is applied across an 
appropriate impedance in the cathode 
circuit. The cathode-drive circuit is par­
ticularly useful for vhf and uhf applica­
tions, in which' it is necessary to' obtain 
the low-noise performance usually asso­
ciated with a triode, but where a con­
ventional grid-drive circuit would be 
unstable because of feedback through 
the grid-to-plate capacitance of the 
tube. In the cathode-drive circuit, the 
grounded grid serves as a capacitive 
shield between plate and cathode, and 
permits stable operation at frequencies 
higher than those in which conventional 
circuits can be used. 

The input impedance 'of a cathode­
drive circuit is approximately equal to 
1/ gm when the load resistance is small 
compared to the rp of the tube. A cer­
tain amount of power is required, there­
fore, to drive such a circuit. However, 
in ,the type of service in which cathode­
drive circuits are normally used, the 
advantages of the grounded-grid con­
nection ,usually outweigh this disad­
vantage. 
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Inverse Feedback 
An inverse-feedback circuit, some­

times called a degenerative circuit, is 
one in which a portion of the output 
voltage of a tube is applied to the in­
put of the same or Ii preceding tube in 
opposite phase to the signal applied to 
the tube. Two important advantages of 
feedback are (1) reduced distortion from 
each stage included in the feedback cir­
cuit and (2) reduction in the variations 
in gain due to changes in line voltage, 
possible differences between tubes of the 
same type, or variations in the values of 
circuit constants included in the feed­
back circuit. 

Inverse feedback is used in audio 
amplifiers to reduce distortion in the 
output stage where the load impedance 
on the tube is a loudspeaker. Because 
the impedance of a loudspeaker is not 
constant for all audio frequencies, the 
load impedance on the output tube 
varies with frequency. When the output 
tube is a pentode or beam power tube 
having high plate resistance, this varia­
tion in plate load impedance, can, if not 
corrected, produce considerable fre­
quency distortion. Such frequency dis­
tortion can be reduced by means of 
inverse feedback. Inverse-feedback cir­
cuits are of the constant-voltage type 
and the constant-current type. 

The application of the constant· 
voltage type of inverse feedback to a 
power-output stage using a single beam 
power tube is illustrated in Fig. 48. In 
this circuit, R1, R., and C are connected 
as a voltage divider across the output of 
the tube. The secondary winding of the 
grid-input transformer is returned to a 
point on this voltage divider. Capacitor 
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Fig. 48.-Power-output stage using constant­
voltage inverse feedback. 
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C blocks the dc plate voltage from the 
grid. However, a portion of the tube 
af output voltage, approximately equal 
to the output voltage multiplied by the 
fraction R./(R, + R.), is applied to the 
grid. This voltage reduces the source im­
pedance of the circuit and a decrease in 
distortion results which is explained in 
the curves of Fig. 49. 
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nent of plate current i'p •. 1t is evident 
that the irregularity of the waveform of 
this component of plate current would 
act to cancel the original irregularity 
and thus reduce distortion. 

After inverse feedback has been ap­
plied, the relations are as shown in the 
curve for ip • The dotted curve shown by 
i' p' is the component of plate current 

1..~ '----\---, 
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Fig. 49-Vollage and currellt waveforms showing effect of illverse feedback. 

Consider first the amplifier without 
the use of inverse feedback. Suppose 
that when a signal voltage e, is applied 
to the grid the af plate current i'. has 
an irregularity in its positive half-cycle. 
This irregularity represents a departure 
from the waveform of the input signal 
and is, therefore, distortion. For this 
plate-current waveform, the af plate 
voltage has a waveform shown bye' p. 

The plate-voltage waveform is inverted 
compared to the plate-current wave­
form because a plate-current increase 
produces an increase in the drop across 
the plate load. The voltage at the plate 
is the difference between the drop across 
the load and the supply voltage; thus, 
when plate current goes up, plate volt­
age goes down; when plate current goes 
down, plate voltage goes up. 

Now suppose that inverse feedback 
is applied to the amplifier. The voltage 
fed back to the grid has the same wave­
form and phase as the plate voltage, but 
is smaller in magnitude. Hence, with a 
plate voltage of waveform shown by 
e' p, the feedback voltage appearing on 
the grid is as shown bye' g •• This voltage 
applied to the grid produces a compo-

due to the feedback voltage on the grid. 
The dotted curve shown by i' p is the 
component of plate current due to the 
signal voltage on the grid. The algebraic 
sum of these two components gives the 
resultant plate current shown by the 
solid curve of ip • Since i' p is the plate 
current that would flow without inverse 
feedback, it can be seen that the appli­
cation of inverse feedback has reduced 
the irregularity in the output current. 
In this manner inverse feedback acts to 
correct any component of plate current 
that does not correspond to the input 
signal voltage, and· thus reduces dis­
tortion. 

From the curve for ip , it can be 
seen that, besides reducing distortion, 
inverse feedback also reduces the ampli­
tude of the output current. Conse­
quently, when inverse feedback is 
applied to an amplifier there is a de­
crease in gain or power sensitivity as 
well as a decrease in distortion. Hence, 
the application of inverse feedback to 
an amplifier requires that more driving 
voltage be applied to obtain full power 
output, but this output is obtained with 
less distortion. 
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Inverse feedback may also be ap­
plied to resistance-coupled stages, as 
shown in Fig. 50. The circuit is conven­
tional except that a feedback resistor, 

IIB~ 
C- B-;Ct B+ 

Fig. 50-Resistallce-coupled stages using 
feedback resistor. 

R3 , is connected between the plates of 
tubes T, and T2• The output signal volt­
age of T, and a portion of the oiItput 
signal voltage of T.appear across R •. 
Because the distortion generated in the 
plate circuit of T. is applied to its grid 
out of phase with the input signal~ the 
distortion in the output of 'I'. is com­
paratively low. With sufficient inverse 
feedback of the constant-voltage type 
in a power-output stage, it is not neces­
sary to employ a network of rllSistance 
and capacitance in the output circuit to 
reduce response at high audio frequen~ 
cies. Inverse-feedback circuits can also 
be applied to push-pull class A: and class 
AB, amplifiers. 

Constant-current inverse feedback 
is usually obtained by omitting the by­
pass capacitor across a cathode:resistor. 
This method decreases the gain and the 
distortion but increases the source im­
pedance of the circuit. Consequently, 
the output voltage rises at the resonant 
frequency of the loudspeaker and ac­
centuates hangover effects. 

Inverse feedback is not generally 
applied to a triode power amplifier be­
cause the variation in speaker imped­
ance with frequency does not. produce 
much distortion in a triode stage hav­
ing low plate resistance. It is sometimes 
applied in a pentode stage.' but is not .. 
always convenient. As has been shown, 
when inverse feedback is used in an 
amplifier, the driving voltage must be 
increased in order to provide full power 
output. When inverse feedback is used 
with a pentocle, the total driving voltage 
required for full power output may be 
inconveniently large, although still less 

than that required for a triode. Because 
a beam power tube gives full power 
output qn a comparatively small driving 
voltage, inverse feedback is especially 
applicable t6 beam power tubes. By 
means of inverse feedback, the high 
efficiency and high power output of 
beam power tubes can be combined with 
freedom from the effects of varying 
speaker impedance. 

Cathode-Follower Circuits 

Another important application of 
inverse feedback is in the cathode-fol­
lower circuit, an example of which is 
shown in Fig. 51. In this application, the 
load has been: transferred from the plate 
circuit to the cathode 'Circuit of the tube. 
The input voltage, is applied between 
the grid and ground, and the output 
voltage is obtained between the cathode 
am;i ground. The voltage amplification 
(V.A.) of this circuit is always less than 
unity and may be expressed by the fol­
lowing convenient formulas. 
For a triode: 

ItXRL 
V. A. = rp + [RL X (It + 1)] 

For a pentode: 
VA-' g",XR,. 

, . . - 1 + (gro X RL) 
In these formu~as, /L is the amplifi­

cation factor, RL is the load resistance 
in ohms, rp is the plate resistance in 
ohms, and gm is the transconductance 
in mhos. 

The use of the cathode follower 
permits the design of circuits which 
have high input resistance and high out­
put voltage. The output impedance is 

OUTPUT 
VOLTAGE 

! 
Fig. 51-Cathode-follower circuit. 

quite low and very low distortion may 
be obtained. Cathode-follower circuits 
may be used for power amplifiers or as 
impedance'transformers designed either 
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to match a transmission line or to pro­
duce a relatively high output voltage at 
a low impedance level. 

In a power amplifier which is trans­
former coupled to the load, the same 
output power can be obtained from the 
tube as would be obtained in a conven­
tional grid-drive type of amplifier. The 
output impedance is very low and pro­
vides excellent damping to the load, 
with the result that very low distortion 
can be obtained. The peak-to-peak sig­
nal voltage, however, approaches Ilh 
times the plate supply voltage if maxi­
mum power output is required from the 
tube. Some problems may be encoun­
tered, therefore, in the design of an 
adequate driver stage for a cathode­
follower output system. 

When a cathode-follower circuit is 
used as an impedance transformer, the 
load is usually a simple resistance in 
the cathode circuit of the tube. With 
relatively low values of cathode resistor, 
the circuit may be designed to supply 
significant amounts of power and to 
match the impedance of the device to 
a transmission line. With some'Yhat 
higher values of cathode resistor, the 
circuit may be used to decrease the out­
put impedance sufficiently to permit the 
transmission of audio signals along a 
line in which appreciable capacitance 
is present. 

The cathode follower may also be 
used as an isolation device to provide 
extremely high input resistance and low 
input capacitance as might 'be required 
in the probe of an oscilloscopt: or 
vacuum-tube voltmeter. Such circuits 
can be designed to provide effective 
impedance transformation with no sig­
nificant loss of voltage. 

Selection of a suitable tube and its 
operating conditions for use in a cath­
ode-follower circuit having a specified 
output impedance (Zo) can be made, in 
most practical cases, by the use of the 
following formula to determine the ap­
proximate value of the required tube 
transconductance. 

R . d ( h) 1,000,000 
eqUlfe gm I'm os = Zo (ohms) 

Once the required transconductance 
is obtained, a suitable tube and its oper­
ating conditions may be determined 
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from the technical data given in the 
Technical Data section. The tube se­
lected should have a value of transcon­
ductance slightly lower than that 
obtained from the above expression to 
allow for the shunting effect of the cath­
ode load resistance. The conversion 
nomograph given in Fig. 44 may be 
used for calculation of operating condi­
tions for values of transconductance not 
included in the tabulated data. After 
the operating conditions have been de­
termined, the approximate value of the 
required cathode load resistance may be 
calculated from the following formulas. 
For a triode: 

Zo X rp 
Cathode Rr. = f. _ [Zo X (1 + 1')] 

For a pentode: ' 
Cathode Rr, = 1 ( Zo Z) 

- gm X 0 

Resistance and impedance values are in 
ohms; transconductance values are in 
mhos. 

If the value of the cathode load re­
sistance calculated to provide the re­
quired output impedance does not 
provide the re,quired operating bias, the 
basic cathode-follower circuit can be 
modified in a number of ways. Two of 
the more common modifications are 
shown in Figs. 52 and 53. 

In Fig. 52 the bias is increased by 
adding a bypassed resistance between 

Fig. 52-Cathode-follower eircl/it modified 
for increased bias. 

the cathode and the unbypassed load 
resistance and returning the grid to the 
low end of the load resistance. In Fig. 
53 the bias is reduced by adding a by­
passed resistance betweell the cathode 
and. the unbypassed load resistance but, 
in this case, the grid is returned to the 



junction of thetwocaihode resistors 
so that the bias voltage is only the dc 
voltage drop across the added resistance. 
The size of the bypass capacitor should 
be large enough so that it has negligible 
reactance at the lowest frequency to be 
handled. In both cases the B-supply 
should be increased to make up for the 
voltage taken for biasing. 

INPUT 
SIGNAL 

Fig. 53-Cathode-follower circuit modified 
for reduced bias. 

Example: Select a suitable tube 
and determine the operating conditions 
and circuit components for a cathode­
follower circuit having an output im­
pedance that will match a 500-ohm 
transmission line. 

Procedure: First, determine the ap­
proximate transconductance required. 

Required gm = l,~~ooo = 2000 /Lmhos 

A survey of the tubes that have a 
transconductance in this order of mag­
nitude shows that type 12AX7 A is among 
the tubes to be considered. Referring to 
the characteristics given in the technical 
data section for one triode unit of high­
mu'twin triode 12AX7, we find that for 
a plate voltage of 250 volts and a bias 
of -2 volts, the transconductance is 
1600 micromhos, the plate resistance is 
62500 ohms, the amplification factor is 
100, and the plate current is 0.0012 am­
pere. When these values are used in the 
expression for determining the cathode 
load resistance, the following result is 
obtained: 

Cathode RL 62500-500X(1()(j+l) 2600 ohms 

The voltage across this resistor for 
a plate current of 0.0012 ampere is 
·2600 X 0.0012 = 3.12 volts. Because 
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the required bias voltage is only -2 
volts, the circuit arrangement given in 
Fig. 53 is employed. The bias is fur­
nished by a resistance that will have a 
voltage drop of 2 volts when it carries 
a current of 0.0012 ampere. The re­
quired bias resistance, therefore, is 
2/0.0012 = 1670 ohms. If 60 Hz is 
the lowest frequency to be passed, 20 
microfarads is a suitable value for the 
bypass capacitor. The B-supply, of 
course, is increased by the voltage drop 
across the' cathode resistance which, in 
this example, is approximately 5 volts. 
The B-supply, therefore, is 250 + 5 
::::: 255 volts. 

Because it is desirable to eliminate, 
if possible, the bias resistor and bypass 
capacitor, it is worthwhile to try other 
tubes and other operating conditions to 
obtain a value of cathode load resist­
ance which will also provide the re­
quired bias. If the triode section of twin 
diode-high-mu triode 6AT6 is operated 
under the conditions given in the tech­
nical data section with a plate voltage 
of 100 volts and a bias of -1 volt, it 
will have an amplification factor of 70, 
a plate resistance of 54000 ohms, a 
transconductance of 1300 micromhos, 
and a plate current of 0.0008 ampere. 
Then, 

Cathode RL = 
500 X 54000 

54000 - 500 X (70 + 1) = 1460 ohms 

The bias voltage obtained across 
this resistance is 1460 X 0.0008 = 1.17 
volts. Since this value is for all practical 
purposes close enough to the required 
bias, no addition bias resistance will 
be required' and the grid may be re­
turned directly to ground. There is no 
need to adjust the B-supply voltage to 
make up for the drop in the cathode 
resistor. The voltage amplification 
(V.A.) for the cathode-follower circuit 
utilizing the triode section of type 
6AT6 is 

70 X 1460 
V.A. 54000 + 1460 X (70 + 1) = 0.65 

For applications in which the cath­
ode follower is used to isolate two cir­
cuits-for example, when it is used 
between a circuit being tested and the 
input stage of an oscilloscope or a 
vacuum-tube voltmeter-voltage output 
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and not impedance matching is the pri­
mary consideration. In such applica­
tions it is desirable to use a relatively 
high value of cathode load resistance, 
such as 50,000 ohms, in order to get the 
maximum voltage output. In order to 
obtain proper bias, a circuit such as 
that of Fig. 53 should be used. With a 
high value of cathode resistance, the 
voltage amplification will approximate 
unity. 

Corrective Filters 
A corrective filter can be used to 

improve the frequency characteristic of 
an output stage using a beam power 
tube or a pentode when inverse feed­
back is not applicable. The filter consists 
of a resistor and a capacitor connected 
in series across the primary of the out­
put transformer. Connected in this way, 
the filter is in parallel with the plate 
load impedance reflected from the voice­
coil by the output transformer. The 
magnitude of this reflected impedance 
increases with increasing frequency in 
the middle and upper audio range. The 
impedance of the filter, however, de­
creases with increasing frequency. It 
follows that, by use of the proper values 
for the resistance and the capacitance 
in the filter, the effective load impedance 
on the output tubes can be made prac­
tically constant for all frequencies in 
the middle and upper audio range. The 
result is an improvement in the fre­
quency characteristic of the output 
stage. 

The resistance to be used in the 
filter for a push-pull stage is 1.3 times 
the recommended plate-to-plate load re­
sistance; or, for a single-tube stage, is 
1.3 times the recommended plate load 
resistance. The capacitance in the filter 
should have a value such that the volt­
age gain of the output stage at a fre­
quency of 1000 Hz or higher is equal 
to the voltage gain at 400 Hz. 
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A method of determining the 
proper value of capacitance for the fil­
ter is to make two measurements of the 
output voltage across the primary of 
the output transformer: first, when a 
400-Hz signal is applied to the input, 
and second, when a IOOO-Hz signal 
of the same voltage as the 400-Hz 
signal is applied to the input. The cor­
rect value of capacitance is the one 
which gives equal output voltages for 
the two signal inputs. In practice, this 
value is usually found to be in the order 
of 0.05 microfarad. 

Phonograph and Tape Preamplifiers 

The frequency range and dynamic 
range* which can be recorded on a 
phonograph record or on magnetic tape 
depend on several factors, including the 
composition, mechanical characteristics, 
and speed of the record or tape, and 
the electrical and mechanical character­
istics of the recording equipment. To 
achieve wide frequency and dynamic 
ranges, manufacturers of commercial 
recordings use equipment which intro­
duces a nonuniform relationship be­
tween amplitude and frequency. This 
relationship is known as a "recording 
characteristic." To assure proper re­
production of a high-fidelity recording, 
therefore, some part of the reproducing 
system must have a frequency-response 
characteristic which is the inverse of 
the recording characteristic. Most manu­
facturers of high-fidelity recordings use 
the RCA "New Orthophonic" (RIAA) 
characteristic for discs and the NARTB 
characteristic for magnetic tape. 

The simplest type of equalization 
network is shown in Fig. 54. Because 
the capacitor C is effectively an open 
circuit at low frequencies, the low fre­
quencies must be passed through the 
resistor R and are attenuated. The ca­
pacitor has a lower reactance at high 

Fig. 54-Simple RC frequency-compensation network. 
• The dynamic range of an amplifier is a measure of its signal-handling capability. The 

dynamic range expresses in dB the ratio of the maximum usable output signal (generally 
for a distortion of about 10 per cent) to the minimum usable output signal (generally for 
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable; 
a value of 70 dB is exceptional for any audio system. 
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frequencies, however, and bypasses 
high-frequency components around R so 
that they receive negligible attenuation. 
Thus the network effectively "boosts" 
the high frequencies. This type of equal­
ization is called "attenuative." 

Some typical preamplifier stages 
are shown in the Circuits section. The 
location of the frequency-compensating 
network or "equalizer" in the repro­
ducing system will depend on the types 
of recordings which are to be repro­
duced and on the pickup devices used. 

A ceramic high-fidelity phonograph 
pickup is usually designed to provide 
proper compensation for the RIAA re­
cording characteristic when the pickup 
is operated into the load resistance spec­
ified by its manufacturer. Because this 
type of pickup also has relatively high 
output (0.5 to 1.5 volts), it does not 
require the use of either an equalizer 
network or a preamplifier, and can be 
connected directly to the input of a 
tone-control amplifier and/ or power 
amplifier. 

A magnetic high-fidelity phono­
graph pickup, on the other hand, usually 
has an essentially flat frequency-re­
sponse characteristic and very low out­
put (1 to 10 millivolts). Because a 
pickup of this type merely reproduces 
the recording characteristic, it must be 
followed by an equalizer network, as 
well as by a preamplifier having suf­
ficient voltage gain to provide the input 
voltage required by the to·ne-control 
amplifier and/or' power amplifier. Many 
designs include both the equalizing and 
amplifying circuits in a single unit. 

A high-fidelity magnetic-tape pick­
up head, like a magnetic phonograph 
pickup, reproduces the recording char­
acteristic and has an output of only a 
few millivolts. This type of pickup de­
vice, therefore, must also be followed 
by an equalizing network and pream­
plifier, or by a preamplifier which pro­
vides "built-in" equalization for the 
NARTB characteristic. 
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Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically; 
a feedback network returns a· portion 
of the output signal to the input circuit 
of an amplifier. The feedback signal 
may be returned in phase with the input 
signal (positive or regenerative feed­
back) or 180 degrees out of phase with 
the input signal (negative, inverse, or 
degenerative feedback). In either case, 
the feedback- can be made proportional 
to either the output voltage or the out­
put current, and can be applied to either 
the input voltage or the input current. 
A negative feedback signal proportional 
to the output current raises the output 
impedance of the amplifier; negative 
feedback proportional to the output 
voltage reduces the output impedance. 
A negative feedback signal applied to 
the input current decreases the input 
impedance; negative feedback applied 
to the. input voltage increases the input 
impedance. Opposite effects are pro­
duced by positive feedback. 

A simple negative or inverse feed­
back network which provides high­
frequency boost is shown in Fig. 55. 
This network provides equalization 
comparable to that obtained with Fig. 
54, but is more suitable for low-level 
amplifier stages because it does not re­
quire the first amplifier stage to provide 
high-level low frequencies. In addition, 
the inverse feedback improves the dis­
tortion characteristics of the amplifier. 

Some preamplifier or low-level 
audio amplifier circuits include variable 
resistors or potentiometers which func­
tion as volume or tone controls. Such 
circuits should be designed to minimize 
the flow of dc currents through these 
controls so that little or no noise will 
be developed by the movable contact 
during the life of the circuit. Volume 
controls and their associated circuits 
should permit variation of gain from 
zero to maximum, and should attenuate 
all frequencies equally for all positions 

Fig. SS-Negative-/eedback /requency-c9mptmsq.tipn network. 
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of the variable arm of the control. Sev­
eral examples of volume controls and 
tone controls are shown in the Circuits 
section. 

Tone Controls 

A tone control is a variable filter 
(or one in which at least one element is 
adjustable) by means of which the user 
may vary the frequency response of an 
amplifier to suit his own taste. In radio 
receivers and home amplifiers, the tone 
control usually consists of a resistance­
capacitance network in which the resist­
ance is the variable element. 

The simplest form of tone control 
is a fixed tone-compensating or "equaliz­
ing" network such as that shown in 
Fig. 56. This type of network is often 

Fig. 56-Tone-control circuit for fixed tone 
compensation or "equalizing". 

used to equalize the low- and high-fre­
quency response of a crystal phono­
graph pickup. At low frequencies the 
attenuation of this network is 20.8 dB. 
As the frequency is increased, the 
100-picofarad capacitor serves as a 
bypass for the 5-megohm resistor, and 
the combined impedance of the resistor­
capacitor network is reduced. Thus, 
more of the crystal output appears 
across the 0.5-megohm resistor at high 
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frequencies than at low frequencies, and 
the frequency response at the grid is 
reasonably flat over a wide frequency 
range. Fig. 57 shows a comparison be­
tween the output of the crystal (curve 
A) and the output of the equali7ing 
network (cUrve B). The response curve 

~.IIF 
30 100 1000 10000 

FREQUENCY-Hz 

Fig. 57-Curve showillg output from 
crystal phonograph pickup (A) alld from 

equalizing network (B). 

can be ''flattened'' still more if the 
attenuation at low frequencies is in­
creased by changing the O.5-megohm 
resistor to 0.125 megohm. 

The tone-control network shown in 
Fig. 58 has two stages with completely 
separate bass and treble controls. Fig. 
59 shows simplified representations of 
the bass control of this circuit when the 
potentiometer is turned to its extreme 
variations (usually labeled "Boost" and 
"Cut"). In this network, as in the crys­
tal-equalizing network shown in Fig. 
56, the parallel RC combination is the 
controlling factor. For bass "boost," the 
capacitor C. bypasses resistor R. so that 
less impedance is placed across the out­
put to grid B at high frequencies than 
at low frequencies. For bass "cut," the 
parallel combination is shifted so that 
Cl bypasses Ro, causing more high­
frequency than low-frequency output. 
Essentially, the network is a variable-

c 

>-01--+--00 

TREBLE 
Fig. 58-Two-stage tOile-control circuit incorporating separate bass and treble controls. 
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frequency voltage divider. With proper 
values for the components, it may be 
made to respond to changes in the R. 
potentiometer setting for only low fre­
quencies (below 1000 Hz). 

BASS BOOST BASS CUT 

A RI B A RI B 
0-"./IA'"1""--1--0 

Cz 

RZ 

Fig. 59-Simplified representations of bass­
control circuit at extreme ends of 

potentiometer. 

Fig. 60 shows extreme positions of 
the treble control. The attenuation of 
the two circuits is approximately the 
same at 1000 Hz. The treble "boost" 
circuit is similar to the crystal-equaliz­
ing network shown in Fig. 56. In the 
treble "cut" circuit, the parallel RC ele­
ments serve to attenuate the signal volt­
age further because the capacitor by­
passes the resistance across the output. 

c 

TREBLE BOOST 
R4 

c 

TREBLE CUT 
R4 

o 

Fig. 60-Simplified representations of 
treble-control circuit at extreme ends of 

potentiometer. 

The effect of the capacitor is negligible 
at low frequencies; beyond 1000 Hz, 
the signal voltage is attenuated at a 
maximum rate of 6 dB per octave. 

The location of a tone-control net­
work is of considerable importance. In 
a typical radio receiver, it may be 
inserted in the plate circuit of the 
power tube, the coupling circuit be­
tween the first af amplifier tube and 
the power tube, or the grid circuit of 
the first tube. In an amplifier using a 
beam power tube or pentode power 
amplifier without negative feedback, it 
is desirable to connect a resistance-
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capacitance filter across the primary of 
the output transformer. This filter may 
be fixed, with a supplementary tone 
control elsewhere, or it may form the 
tone control itself. If the amplifier in­
corporates negative feedback, tbe tone 
control may be inserted in the feedback 
network or else should be connected to 
a part· of the amplifier which is ex­
ternal to the feedback loop. The over­
all gain of a well designed tone-control 
network should be approximately unity. 

Automatic Volume or 
Gain Control 

The chief purpose of automatic 
volume control (ave) or automatic gain 
control (age) in a radio or television 
receiver is to prevent fluctuations in 
loudspeaker volume or picture bright­
ness when the audio or video signal at 
the antenna is fading in and out. 

An automatic volume control cir­
cuit regulates the receiver rf and if gain 
so that this gain is less for a strong sig­
nal than for a weak signal. In this way. 
when the signal strength at the antenna 
changes, the avc circuit reduces the re­
sultant change in the voltage output of 
the last if stage and conseque.ntly re­
duces the change in the speaker output 
volume. 

The avc circuit reduces the rf and 
if gain for a strong signal usually by in­
creasing the negative bias of the rf, if, 
and frequency-mixer stage when the 
signal increases. A simple avc circuit is 
shown in Fig. 61. On each positive half­
cycle of the signal voltage, when the 
diode plate is positive with respect to 
the cathode, the diode passes current. 

Ave 
B I A S --.-...JV\/V'-' 

VOL.TAG£: 

Fig. 61-Automatic-volume-control (ave) 
circuit. 

Because of the flow of diode current 
through R" there is a voltage drop 
across Rl which makes the left end of 
Rl negative with respect to ground_ This 
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voltage drop across R, is applied, 
through the filter R. and C, as negative 
bias on the grids of the preceding stages. 
When the signal strength at the antenna 
increases, therefore, the signal applied 
to the ave diode increases, the voltage 
drop across R, increases, the negative 
bias voltage applied to the rf and if 
stages increases, and the gain of the rf 
and if stages is decreased. Thus the in­
crease in signal strength at the antenna 
does not produce as much increase in 
the output of the last if stage as it 
would produce without avc. 

When the signal strength at the 
antenna decreases from a previous 
steady value, the avc circuit acts, of 
course, in the reverse direction, apply­
ing less negative bias, permitting the rf 
and if gain to increase, and thus reduc­
ing the decrease in the signal output of 
the last if stage. In this way, when the 
signal strength at the antenna changes, 
the avc circuit acts to reduce change in 
the output of the last if stage, and thus 
acts to reduce change in loudspeaker 
volume. 

The filter, C and R., prevents the 
avc voltage from varying at audio fre­
quency. The filter is necessary because 
the voltage drop across R, varies with 
the modulation of the carrier being re­
ceived. If avc voltage were taken di­
rectly from R, without filtering, the 
audio variations in avc voltage would 
vary the receiver gain so as to smooth 
out the modulation of the carrier. To 
avoid this effect, the avc voltage is taken 
from the capacitor C. Because of the 
resistance R. in series with C, the capa­
citor C can charge and discharge at only 
a comparatively slow rate. The avc volt­
age therefore cannot vary at frequencies 
as high as the audio range but can vary 
at frequencies high enough to compen­
sate for most fading. Thus the filter 
permits the avc circuit to smooth out 
variations in signal due to fading, but 
prevents the circuit from smoothing out 
audio modulation. 

It will be seen that an avc circuit 
and a diode-detector circuit are much 
alike. It is therefore convenient in a re­
ceiver to combine the detector and the 
avc diode in a single stage. Examples of 
how these functions are combined in 
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receivers are shown in Circuits section. 
In the circuit shown in Fig. 61, a 

certain amount of avc negative bias is 
applied to the preceding stages on a 
weak signal. Because it may be desir­
able to maintain the receiver rf and if 
gain at the maximum possible value for 
a weak signal, avc circuits are designed 
in some cases to apply no avc bias until 
the signal strength exceeds a certain 
value. These avc circuits are known as 
delayed ave or dave circuits. 

A davc circuit is shown in Fig. 62. 
In this circuit, the diode section D, of 
the 6AL5 acts as detector and avc diode. 

OUTPUT 
OF L.AST 

IF STAGE 

OAVC 
~3VCM1N.) 

I MEG. 

C2+ 
Fig. 62-Delayed avc (davc) circuit. 

R, is the diode load resistor and R. and 
C. are the avc filter. Because the cath­
ode of diode D. is returned through a 
fixed supply of -3 volts to the cathode 
of D" a dc current flows through R t 

and R. in series with D •. The voltage 
drop caused by this current places the 
avc lead at approximately -3 volts (less 
the negligible drop through D.). When 
the average amplitude of the rectified 
signal developed across R, does not ex­
ceed 3 volts, the avc lead remains at 
-3 volts. Hence, for signals not strong 
enough to develop 3 volts across R" 
the bias applied .to the controlled tubes 
stays constant at a value giving high 
sensitivity. 

However, when the average ampli­
tude of rectified signal voltage across 
Rt exceeds 3 volts, the plate of diode 
D. becomes more negative than the 
cathode of D. and current flow in diode 
D. ceases. The potential of the ave 
lead is then controlled by the voltage 
developed across R,. Therefore, with 
further increase in signal strength, the 
avc circuit applies an increasing ave 
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bias voltage to the controlled stages. In 
this way, the circuit regulates the re­
ceiver gain for strong signals, but per­
mits the gain to stay constant at a maxi­
mum value for weak signals. 

It can be seen in Fig. 62 that a por­
tiQn of the -3 volts delay voltage is 
applied to the plate of the detector 
diode D., this portion being approxi­
mately equal to R.t(R. + R.) times -3 
volts. Hence, with the circuit constants 
as shown, the detector plate is made 
negative with respect to its cathode by 
approximately one-half volt. However, 
this voltage does not interfere with de­
tection because it is not large enough 
to prevent current flow in the tube. 

Automatic gain control (age) com­
pensates for fluctuations in rf picture 
carrier amplitude. The peak carrier level 
rather than the average carrier level is 
controlled by the agc voltage because 
the peaks of the sync pulses are fixed 
when inserted on a fixed carrier level. 
The peak carrier level may be deter­
mined by measurement of the peaks of 
the sync pulses at the output of the 
video detector. 

A conventional agc circuit, such as 
that shown in Fig. 63, consists of a diode 

FROM AGC 
LAST CI R2 VOLTAGE: TO 
IF"::---l~IFAND RF STAGE STAGES 

RI C2 

-=- -=-
Fig. 63-Automatic-gain control (age) 

circuit. 

detector circuit and an RC filter. The 
time constant of the detector circuit is 
made large enough to prevent the pic­
ture content from influencing the mag­
nitude of the agc voltage. The output 
voltage (agc voltage) is equal to the 
peak value of the incoming signal. 

The diode detector receives the in­
coming signal from the last if stage of 
the television receiver through the ca­
pacitor C.. The resistor R. provides the 
load for the diode. The diode conducts 
only when its plate is driven positive 
with respect to its cathode. Electrons 
then flow from the cathode to the plate 
and thence into capacitor C., where the 
negative charge is stored. Because of the 
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low impedance offered by the diode dur­
ing conduction, C. charges up to the 
value of the peak applied voltage. 

During the negative excursion of 
thll signal, the diode does not conduct, 
and C, discharges through resistor R.. 
Because of the large time constant of 
R.C., however, only a small percentage 
of the voltage across C, is lost during 
the interval between horizontal sync 
pulses. During succeeding positive 
cycles, the incoming signal must over­
come the negative charge stored in C. 
before the diode conducts, and plate 
current flows only at the peak of each 
positive cycle. The voltage across C" 
therefore, is determined by the level of 
the peaks of the positive cycles, or the 
sync pulses. 

The negative voltage developed 
across resistor Rl by the sync pulses is 
filtered by resistor R. and capacitor C. 
to remove the 15,750-cycle ripple of 
the horizontal sync pulse. The dc out­
put is then fed to the if and rf ampli­
fiers as an agc voltage. 

This agc system may be expanded 
to include amplification of the agc sig­
nal before detection of the peak level, or 
amplification of the dc output, or both. 
A direct-coupled amplifier must be used 
for amplification of the dc signal. The 
addition of amplification makes the sys­
tem more sensitive to changes in carrier 
level. 

A "keyed" age system such as that 
shown in Fig. 64 is used to eliminate 
flutter and to improve noise immunity 
in weak signal areas. This system pro­
vides more rapid action than the con­
ventional agc circuits because the filter 
circuit can employ lower capacitance 
and resistance values. 

fROM LAST = 
If STAGE 

t---...-+AGC 
VOLTAGE 

RI 

,8+ B+ 

Fig. 64-HKeyed" age circuit. 
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In the keyed agc system, the nega­
tive output of the video detector is fed 
directly to the grid No. 1 of the first 
video amplifier. The positive output of 
the video amplifier is, in turn, fed di­
rectly to the grid No.1 of the keyed agc 
amplifier. The video stage increases the 
gain of the agc system and, in addition, 
provides noise clipping. The plate volt­
age for the agc amplifier is a positive 
pulse obtained from a small winding on 
the horizontal output transformer which 
is in phase with the horizontal sync 
pulse obtained from the video amplifier. 
The polarity of this pulse is such that 
the plate of the agc amplifier tube is 
positive during the retrace time. The 
tube is biased so that current flows only 
when the grid No. 1 and the plate are 
driven positive simultaneously. The 
amount of current flow depends on the 
grid-No. 1 potential during the pulse. 
These pulses are smoothed out in the 
RC network in the plate circuit (R,C,), 
Because the dc voltage developed across 
R, is negative, it is suitable for appli­
cation to the grids of the rf and if tubes 
as an agc voltage. 

High-Fidelity Amplifiers 

Several high-fidelity amplifiers are 
shown in the Circuits section. The per­
formance capabilities of such amplifiers 
are usually given in terms of frequency 
response, total harmonic distortion, 
maximum power output, and noise 
level. 

To provide high-fidelity reproduc­
tion of audio program material, an am­
plifier should have a frequency response 
which does not vary more than 1 db 
over the entire audio spectrum. General 
practice is to design the amplifier so 
that its frequency response is flat within 
1 dB from a frequency below the low­
est to be reproduced to one well above 
the upper limit of the audible region. 

Harmonic distortion and inter­
modulation distortion produce changes 
in program material which may have 
adverse effects on the quality of the 
reproduced sound. Harmonic distortion 
causes a change in the character of an 
individual tone by the introduction of 
harmonics which were not originally 
present in the program material. For 
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high-fidelity r(lproduction, total har­
monic distortion (expressed as a per­
centage .of the'OJ,ltput;power) should not 
be greater thim about 1 per cent at the 
desired listeriiqg level. Types such as 
the 6913, 7,01JA and 7868 are designed 
to provide extremely low harmonic dis­
tortion in ·suitably designed push-pull 
amplifier circuits .. 

Intermodulation distortion is a 
change in the waveform of an individual 
tone as a result of interaction with an­
other tone present at the same time in 
the program material. This type of dis­
tortion not only alters the character of 
the modulated tone, but may also result 
in the generation· of spurious signals at 
frequencies equal to the sum and dif­
ference of the interacting frequencies. 
Intermodulation distortion should be 
less than 2 per cent at the desired listen­
ing level. In general, any amplifier 
which has low intermodulation distor­
tion will have very low harmonic dis­
tortion. 

The maximum power output which 
a high-fidelity amplifier should deliver 
depends upon a complex relation of sev­
eral factors, including the size and 
acoustical characteristics of the listen­
ing area, the desired listening level, and 
the efficiency of the loudspeaker sys­
tem. Practically, however, it is possible 
to determine amplifier requirements in 
terms of room size and loudspeaker 
efficiency. 

The acoustic power required to re­
produce the loudest passages of orches­
tral music at concert-hall level in the 
average-size living room is about 0.4 
watt. Because high-fidelity loudspeakers 
of the type generally available for home 
use have an efficiency of only about 5 
per cent, the output stage of the ampli­
fier should therefore be able to deliver 
a power output of at least 8 watts. Be­
cause many wide-range loudspeaker sys­
tems, particularly those using frequency­
divider networks, have efficiencies of 
less than 5 per cent, output tubes used 
with such systems must have corre­
spondingly larger power outputs. The 
6973, 7027A, 7189, and 7868 can pro­
vide ample output for most systems 
when used in suitable push-pull circuits. 

The noise level of a high-fidelity 
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amplifier determines the range of 
volume the amplifier is able to repro­
duce, ~.e., the difference (iIsually ex­
pressed in decibels). between the loudest 
and softest. sounds in program material. 
Because the greatest volume range util­
ized .in electrical program material at 
the present time is about 60 dB, the 
noise level of a high-fidelity amplifier 
should be at least 60 dB below the sig­
nal level at the desired listening level. 

Limiters 
An amplifier may also be used as 

a limiter. One use of a limiter is in 
receivers designed for the reception of 
frequency-modulated signals. The lim­
iter in FM receivers has the function of 
eliminating amplitude variations from 
the input to the detector. Because in 
an FM system amplitude variations are 
primarily the result of noise disturb­
ances, the use of a limiter prevents 
such disturbances from being repro­
duced in the audio output. The limiter 
usually follows the last if stage so 
that it can minimize the effects of dis­
turbances coming in on the rf carrier 
and those produced locally. 

The limiter is essentially an if volt­
age amplifier designed for saturated 
operation. Saturated operation means 
that an increase in signal voltage above 
a certain value produces very little in­
crease in plate current. A signal voltage 
which is never less than sufficient to 
cause saturation of the limiter, even on 
weak signals, is supplied to the limiter 
input by the preceding stages. Any 
change in amplitude, therefore, such as 
might be produced by noise voltage 
fluctuation, is not reproduced in the 
limiter output. The limiting action, of 
course, does not interfere with the re­
production of frequency variations. 

Plate-current saturation of the lim­
iter may be obtained by the use of grid­
No. 1 resistor-and-capacitor bias with 
plate and grid-No.2 voltages which are 
low compared with customary if-ampli­
fier operating conditions. 

As a result of these design features, 
the limiter is able to maintain its output 
voltage at a constant amplitude over a 
wide range of input-signal voltage varia­
tions. The output of the limiter is fre­
quency-modulated if voltage, the mean 
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frequency of which is that of the if 
amplifier. This voltage is impressed on 
the input of the detector. 

The reception of FM signals with­
out serious distortion requires that the 
response of the receiver be such that 
satisfactory amplification of the signal 
is provided over the entire range of fre­
quency deviation from the mean fre­
quency. Since the frequency at any 
instant depends on the modulation at 
that instant, it follows that excessive 
attenuation toward the edges of the 
band, in the rf or if stages, will cause 
distortion. In a high-fidelity receiver, 
therefore, the amplifiers must be capa­
ble of amplifying, for the maximum 
permissible frequency deviation of 75 
kHz, a band 150 kHz wide. Suitable 
tubes for this purpose are the 6BA6 and 
6BJ6. 

Volume Compressors and Expanders 
Volume compression and expan­

sion are used in FM transmitters and 
receivers and in recording devices and 
amplifiers to make· more natural the 
reproduction of music which has a very 
large volume range. For example, in the 
music of a symphony orchestra the 
sound intensity of the soft passages is 
very much lower than that of the loud 
passages. When this low volume level 
is raised above the background noise 
for transmitting or recording, the peak 
level of the program material may be 
raised to an excessively high volume 
level. It is otten necessary, therefore, to 
compress the volume range of the pro­
gram content within the maximum capa­
bilities of the FM transmitter or the 
recording device. Exceeding a maximum 
peak volume level for FM modulation 
corresponds to exceeding the allowed 
bandwidth for transmission. In some re­
cording devices, excessive peak volume 
levels may cause overloading and dis­
tortion. 

Volume compression may be ac­
complished by either manual or auto­
matic control. The types of compression 
used include peak limiters, volume limi­
ters, and volume compressors. A peak 
limiter limits the peak power to some 
predetermined level. A volume limiter 
provides gain reduction based on an 
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average signal level above aprede­
termined level. A volume compressor 
provides gain reduction for only the 
sustained loud portions of the sound 
level. Only volume compressors can be 
correctly compensated for with volume 
expanders. 

For faithful reproduction of the 
original sound, the volume expander 
used in the FM receiver or audio ampli­
fier should have the reverse characteris­
tic of the volume compressor used in 
the FM transmitter or recording device. 
In general, the basic requirements for 
either a volume compressor or expander 
are shown in the block diagram of 
Fig. 65. In a volume compressor, the 

INPUT OUTPUT 

Fig. 65-Block diagram of volume com­
pressor or expander circuit. 

variable-gain amplifier V, has greater 
gain for a low-amplitude signal than for 
a high-amplitude signal; therefore, soft 
passages are amplified more than loud 
ones. In an expander, the gain is greater 
for high-amplitude signals than for low­
amplitude signals; therefore, loud pas­
sages are amplified more than soft ones 
and the original amplitude ratio is re­
stored. 

In the diagram shown in Fig. 65, 
the signal to be amplified is applied to 
V" and a portion of the signal is also 
applied to Vo. The amplified output 
from Vo is then rectified by Vo, and ap­
plied as a negative (for compressors) or 
positive (for expanders) bias voltage to 
V,. As this bias voltage varies with 
variations in signal amplitude, the gain 
of V, also varies to produce the de­
sired compression or expansion of the 
signal. 

Tubes having a large dynamic 
range provide the best results in volume 
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compressor or expander applications" 
Examples of such types are the 6BJ 6 
and 6BE6.. Push-pull operation is gen­
erally desired for the variable-gain am­
plifier to prevent high distortion and 
other undesirable effects which may oc­
cur in volume compressors and expand­
ers. 

Phase Inverters 
A phase inverter is a circuit used 

to provide resistance coupling between 
the output of a single-tube stage and the 
input of a push-pull stage. The neces­
sity for a phase inverter arises because 
the signal-voltage inputs to the grids 
of a push-pull stage must be 180 de­
grees out of phase and approximately 
equal in amplitude with respect to each 
other. Thus, when the signal voltage 
input to a push-pull stage swings the 
grid of one tube in a positive direction, 
it should swing the grid of the other 
tube in a negative direction by a simi­
lar amount. With transformer coupling 
between stages, the out-of-phase input 
voltage to the push-pull stage is -sup­
plied by means of the center-tapped 
secondary. With resistance coupling, the 
out-of-phase input voltage is obtained 
by means of the inverter action of a 
tube. 

Fig. 66 shows a push-pull power 
amplifier, resistance-coupled by means 
of a phase-inverter circuit to a single­
stage triode T,. Phase inversion in this 
circuit is provided by triode T •. The out­
put voltage of T, is applied to the grid 
No. 1 of tetrode T •. A portion of the 
output voltage of T, is also applied 
through the resistors R. and R. to the 

Fig. 66-Push-pull power amplifier resist­
ance-coupled to triode by means of phase 

inverter. 
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grid of T.. The output voltage of T. 
is applied to the grid No. 1 of tetrode 
T •. 

When the output voltage, of Tl 
swings in the positive' direction, the 
plate curreJ;lt of T. increases. ThiS action 
increases the voltage drop across the 
plate resistor Ra and swings the plate of 
T. in the negative direction. Thus, when 
the output voltage of T, swings positive, 
the output voltage of T. swings negative 
and is, therefore, 180' degrees out of 
phase with the output voltage of T1• 

In order to obtain equal voltages at 
Ea and E b, (Ra + Ra)/Ra should equal 
the voltage gain of T •. Under the con­
dition where a twin-type tube or two 
tubes having the same characteristics are 
used as Tl and T., R. should be equal 
to the sum of Ra and Ro. The ratio of 
Ra + R. to R. should be the same as 
the voltage gain ratio of T. in order to 
apply the correct value of signal voltage 
to T •. The value of R. is, therefore, 
equal to R. divided by the voltage gain 
of T.; R. is equal to R. minus Ro. Values 
of R" Ra, Ra plus R., and R. may be 
taken from the chart in the Resistance­
Coupled Amplifiers section. In the prac­
tical application of this circuit, it is con­
venient to use a twin-triode tube com­
bining T, and T •. 

Tuned Amplifiers 

In radio-frequency (rf) and inter­
mediate-frequency (if) ampUfiers, the 
bandwidth of frequencies to be amplified 
is usually only a small percentage of 
the center frequency. Tuned amplifiers 
are used in these applications to select 
the desired bandwidth of frequencies 
and ,to suppress unwanted frequencies. 
The selectivity of the amplifier is ob­
tained by means of tuned interstage 
coupling networks. 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel reso­
nant circuit (sometimes called a "tank" 
because it stores energy) is shown in 
Fig. 67. For practical purposes the 
resonant frequency of such a circuit 
may be considered independent of the 
resistance R, provided R is small com­
pared to the inductive reactance XL. 
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The resonant frequency fr is then given 
by 

1 
f r =---

2lTylLC 
For any given resonant frequency, the 
product of Land C is a constant; at low 
frequencies LC is large; at high fre­
quencies it is small. 

The Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
the current in the tank (h or Ie) to the 
current in the line (I). This unloaded Q, 
or Qo, may be expressed in various 
ways, for' example: 

Q _ Ie _ XI. = Rp 
L- -1- - If Xc 

where XL is the inductive reactance 
(= 2n:fL), Xc is the capacitive reactance 
(= 1I[2lTfC]), and Rp is the total im­
pedance of the parallel resonant circuit 

Ie 
e 1 

Fig. 67-Simp/e parallel resonant circuit. 
(tank) at resonance. The Q varies in­
versely with the resistance of the induc­
tor. The lower the resistance, the higher 
the Q and the greater the difference 
between the tank impedance at frequen­
cies off resonance compared to the tank 
impedance at the resonant frequency. 

The Q of a tuned interstage cou­
pling network also depends upon the 
impedances of the preceding and follow­
ing stages. The output impedance of 
a tube can be considered as consist­
ing of a resistance Ro in parallel with a 
capacitance Co, as shown in Fig. 68. 
Similarly, the input impedance can be 
considered as consisting of a resistance 
R. in parallel with a capacitance C •. Be­
cause the tuned circuit is shunted by 
both the output impedance of the pre­
ceding tube and the input impedance of 
the following tube, the effective selec­
tivity of the circuit is the loaded Q (or 
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Fig. 68-Equivalent output and inpllt circuits of tubes connected by a coupling Iletwork. 

Qr.) based upon the total impedance of 
the coupled network, as follows: 

f total loading on} 
QL = ) coil at resonance 

XL or Xc 
The capacitances Co and C, in Fig. 

68 are usually considered as part of the 
coupling network. For example, if the 
required capacitance between terminals 
1 and 2 of the coupling network is cal­
culated to be 500 picofarads and the 
value of Co is 10 picofarads, a capacitor 
of 490 picofarads is used between ter­
minals 1 and 2 so that the total capa­
citance is 500 picofarads. The same 
method is used to allow for the capa­
citance C, at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary winding of a transformer 
is coupled to the nonresonant secondary 
winding of the transformer, as shown 
in Fig. 69, the effect of the input im­
pedance of the following stage on the 
Q of the tuned circuit can be deter­
mined by considering the values reflected 
(or referred) to the primary circuit by 

Fig. 69-Equivalent circuit for transformer­
coupling network having tuned primary 

winding. 

transformer action. The reflected re­
sistance r. is equal to the resistance 
~ in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of. the transformer 1': 

rl = Rt (N./N.)2 
where N./N. represents the ele.ctrical 
turns ratio betw~en the primary winding 

and the secondary winding of T. If there 
is capacitance in the secondary circuit 
(C.), it is reflected to the primary cir­
cuit as a capacitance C,p, and is given 
by 

C,p = Cp + (N,/N.)" 

The loaded Q, or QL, is then calculated 
on the basis of the inductance L", the 
total shunt resistance (Ro plus rl plus 
the tuned-circuit impedance Z, = QoXe 
= QOXL) , and the total capacitance 
(Cp + Cep ) in the tuned circuit. 

Fig. 70 shows a coupling network 
which consists of a single-tuned circuit 
using mutual inductive coupling. The 

OUTPUT OF 
PRECEDING 

TUBE 

INPUT OF 
FOLLOWING 

TUBE 

Fig. 70-Equivalent circuit for transformer­
coupling network using inductive couplillg. 

capacitance C t includes the effects of 
both the output capacitance of the pre­
ceding tube and the input capacitance 
of the following tube (referred to the 
primary of transformer T.). The band­
width of a single-tuned transformer is 
determined by the half-power points on 
the resonance curve (-3 dB or 0.707 
down from the maximum). Under these 
conditions, the band pass .6f is equal 
to the ratio of the center or resonant 
frequency fr divided by the loaded (ef­
fective) Q of the circuit, as follows: 

.6f = fr/QL 

In high-frequency tuned amplifiers, 
where the input impedance is typically 
low, mutual inductive coupling may be 
impracticable because of the small 
number of turns in the secondary wind­
ing. It is extremely dIfficult in practice 
to construct a fractional part of a turn. 
J:n such cases!cal'acitance coupling may 
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Fig. 71-Single-tuned coupling network using capacitive division. 

be used, as shown in Fig; 7t This ar­
rangement, which is also called capaci­
tive division, is similar to tapping 
down on a coil at or near resonance. 
Impedance transformation in this net­
work is determined by the ratio between 
capacitors C, and C.. Capacitor C, is 
normally much smaller than C.; thus the 
capacitive reactance XC1 is normally 
much larger than Xc.. Provided the in­
put resistance of the following tube is 
much greater than Xc., the effective 
turns ratio from the top of the coil to 
the input of the following tube is (C, + 
c,,)/C,. The total capacitance C t across 
the inductance L is given by 

C,C. 
C t = C, + C. 

The resonant frequency fr is then given 
by 

fr 

Double-tuned interstage coupling 
networks are often used in preference to 
single-tuned networks to provide flatter 
frequency response within the pass 
band, a sharper drop in response im­
mediately adjacent to the ends of the 
pass band, or more attenuation at fre­
quencies far removed from resonance. 
In synchronous double-timed networks, 
both the resonant circuit in the input 
of the coupling network and the reson­
ant circuit in the output are tuned to 
the same resonant frequency. In "stag­
ger-tuned" networks, the two resonant 
circuits are tuned to slightly different 
resonant frequenCies to provide a more 
rectangular band pass with sharper 
selectivity at the ends of the pass band. 
Double-tuned or stagger-tuned networks 
may use capacitive, inductive, or mutual 
inductance coupling, or any' combina­
tion of the three. 

Television Tuners 
The vhf tuner of a television re­

ceiver selects the desired frequency 

channel in the range from 55 to 216 
MHz, amplifies it, and converts it to a 
lower intermediate frequency. These 
functions are accomplished in rf-ampli­
fier, mixer, and local-oscillator stages 
employing tube types that are designed 
specifically for these applications. The 
rf-amplifier stage uses a high-transcon­
ductance tube that has small dimensions 
to maintain low interelectrode capa­
citances, particularly between grid and 
plate. The mixer and oscillator stages 
usually employ a dual-unit triode-pen­
tode unit and a medium-mu triode unit. 

Fig. 72 shows a simplified sche­
matic diagram of a typical vhf televi­
sion tuner. The balun converts the ,300-
ohm balanced antenna impedance to an 
unbalanced impedance of 75 ohms. The 
high-pass filter eliminates lower-fre­
quency interference signals. The tuner 
is set to the desired frequency by simul­
timeous adjustment of the inductances 
indicated by the several sets of arrows 
in Fig. 72. The inductances are either 
replaced completely or incremental 
amounts of inductance are added as 
the tuner is switched from high fre­
quencies to lower frequencies. Some 
tuners use a combination of the two 
methods. 

Because noise generated in the first 
amplifier stage is often the controlling 
factor in determining the over-all sensi­
tivity of a radio or television receiver, 
the "front end" is designed with special 
attention' to both gain and noise char­
acteristics. The input circuit of an am­
plifier inherently contains some thermal 
noise contributed by the resistive ele­
ments in the input device. When an 
input signal is amplified, therefore, the 
thermal noise generated in the input 
circuit ,is also amplified. If the ratio of 
signal power, to noise power (signal-to­
noise ratio, SIN) is the same in the 
output circuit as in the input circuit, 
the amplifier is considered to be "noise-
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Fig. 72-Simplified schematic of typical vhf television tuner. 

less," and is said to have a noise figure of 10, and a 20-dB noise figure by a 
of unity, or zero dB. factor of 100. 

In practical circuits, however, all The over-all noise figure of a re-
amplifier stages generate a certain ceiver is affected by the total number 
amount of noise as a result of thermal of stages, as shown by the following 
agitation of electrons in resistors and relationship: 
other components, minute variations in 
the cathode emission of tubes (shot 
effect), and minute grid currents in the 
amplifier tubes. As a result, the ratio 
of signal power to noise power is in­
evitably impaired during amplification. 
A measure of the degree of impairment 
is called the noise figure (NF) of the 
amplifier, and is expressed as the ratio 
of signal power to noise power at the 
input (S./N I) divided by the ratio of 
signal power to noise power at the out­
put (So/N 0), as follows: 

NF - (SI/NI) 
- (So/No) 

The noise figure in decibels (dB) is 
equal to ten times the logarithm of this 
power ratio. For example, a one-dB 
noise figure in an amplifier decreases 
the signal-to-noise ratio by a factor of 
1.26, a 3-dB noise figure by a factor 
of 2, a to-dB noise figure by a factor 

(NF.+ 1) 
NFrecelv.er = NFl + G, 

+ (NFa+ 1) 
<no. ••• 

where G represents power gain and the 
sUbscripts indicate the number of each 
stage. This relationship indicates that 
the contribution of the second-stage 
noise factor to that of the over-all re­
ceiver is reduced by the gain of the 
first stage. Therefore, it is important 
that the rf amplifier have enough gain 
to make the effect of the second stage 
negligible. The third stage will then 
have even less effect. The maximum 
available power gain G of an rf stage is 
given by 

G gm' Rln. ROD' 
4 

For maximum gain, therefore, the rf­
amplifier tube should have high trans­
conductance and high input and output 
impedances. At frequencies in the vhf 
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television band; the input resistance is 
small enough to affect the gain. As 
mentioned previously, the ri:. tube is 
designed to have low interelectrode ca­
pacitances, small. interelectrode spac­
ings, and low iead inductances (par­
ticularly the cathode lead). 

The gain of the rf stage must be 
reduced as the incoming-signal ampli­
tude changes to prevent overload dis­
tortion in the following stages. As the 
signal amplitude increases, an auto­
matic-gain-control (agc) circuit biases 
the rf tube to decrease its gain. The rf 
tube usually employs a semiremote­
cutoff grid to reduce cross-modulation 
distortion. 

Either a triode or a pentode can 
be used in the rf-amplifier stage of 
tuner input circuits of vhf television 
receivers. Such. stages are required to 
amplify signals ranging from SS to 216. 
MHz and having a ~andwidth of 4.5 
MHz (the tuner· is usually aligned for a 
bandwidth of 6 MHz to.assure cOmplete 
coverage of the band). In early rf 
tuners, pentodes rather than triodes were 
used because the grid-plate capaCitance 
of triodes created ;stability problems. 
However, the use of twin triodes in 
direct-coupled cathode-drive circuits 
makes it possible to obtain stable opera­
tion along with the low-noise character­
istics o( triodes. 

Pentodes or tetrodes do not pro­
vide the useful sensitivity· of triodes 
because of the "partition noise" intro­
duced by the screen grid. The direct­
coupled cathode-drive circuit. provides 
both the gain and the stabilitY'capabili­
ties of the pentode, as wen as the ad­
vantages of a low-noise triode input 
stage. Because the cathode-drive stage 
provides a low-impedance load to the 
grounded-cathode stage, the gain of the 
latter stage is very low and there is no 
necessity for neutralizing the grid-plate 
capacitance. An interstage impedance, 
usually an inductance in series with 
the plate of the first stage and the cath­
ode of the second stage, is often used 
at higher frequencies to provide a de­
gree of impedance matching between 
the units. The cathode-drive portion of 
the circuit is matched to the mput net-

RCA RECEIVING TUBE MANUAL 

work and provides most of the stage 
gain. Because the feedback path of the 
cathode-drive circuit is the plate-cath­
ode capacitance, which in most cases 
is very small, excellent isolation is pro­
vided between the antenna and the 
local oscillator. 

Development of single triodes hav­
ing low grid-plate capacitance, such 
as the 6BN4, has made possible the 
design of neutralized triode rf· circuits. 
Tubes such as the 6GKS and 6CW4 
are specially designed to minimize grid­
plate capacitance to ·permit easier neu­
tralization of a grounded-cathode cir­
cuit over the wide frequency band. 
Bridge-neutralized rf-amplifier stages 
are widely used in television tuners; 
in this arrangement, a portion of the 
output signal is returned to the grid 
out of phase with the feedback signal 
from the grid-plate capacitance. This 
circuit provides excellent gain and noise 
performance with stable operation 
across the band. 

The mixer stage of a vhf tuner 
usually employs a pentode tube, or the 
pentode unit of a triode-pentode tube. 
Although triodes such as the 616 were 
used as mixers in early receivers, they 
have been replaced by pentodes because 
the higher output impedance of a pen­
tode provides a higher mixer gain than 
can be obtained with a triode. 

The amplified signal from the rf 
stage in Fig. 72 is applied to the mixer 
grid along with a local-oscillator signal 
of mucb larger amplitude. The local­
oscillator signal varies the mixer grid 
voltage from cutoff into the grid-current 
region. This signa] develops a grid­
resistor bias, called the injection voltage, 
which is a measure of the local-oscillator 
voltage. Because the transfer curve of 
the mixer tube is nonlinear, mixing 
action between the rf signal and the 
local-oscillator signal produces sum and 
difference frequencies. The output cir­
cuit of the mixer is tuned to the dif­
ference frequency (about 44 MHz) and 
rejects all other frequencies. This signal 
is then fed to the intermediate-frequency 
amplifier. 

The mixer gain is a function of 
the amplitude of the local-oscillator 
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signal. The gain has a broad maximum 
over a range of injection voltages from 
-2.5 to -5.0 volts for conventional­
grid mixers - and slightly lower for 
frame-grid mixers. Good impedance 
matching between the rf-amplifier plate 
and the mixer grid, consistent with 
bandpass requirements, is important to 
achieve maximum signal power trans­
fer. A slight amount of regeneration is 
provided by a small screen-grid induct­
ance. This regeneration effectively in­
creases the mixer-grid input impedance 
and thus improves power gain. 

The loeal-osciUator stage shown 
in Fig. 72 is a Colpitts type in which 
the tuned circuit is located between 
the grid and plate and the feedback 
path is through the tube interelectrode 
capacitances. A large signal is devel­
oped in the local oscillator and coupled 
loosely to the mixer grid to minimize 
the effects of changes in the mixer in­
put on the frequency of oscillation. 
The circuit is designed to keep fre­
quency shift within a very narrow range 
with supply-voltage and temperature 
changes. Fine tuning is provided by a 
variable inductance or capacitance 
across the tuned circuit. Tubes com­
monly used in local-oscillator and mixer 
circuits are the 6EA8, 6KZ8, and6KE8. 

Television IF Amplifiers 

The intermediate-frequency (if) 
amplifier stages in a television receiver 
provide the additional gain required to 
bring the signal level to an amplitude 
suitable for final detection. A constant 
peak signal of about three to five volts 
is required at the input to the detector. 
The mixer output signal is passed 
through two or three stages of ampli­
fication to attain this level. High-trans­
conductance pentodes having low grid­
No.1-to-plate capacitances are normally 
used in if amplifiers. The coupling cir­
cuits are usually tuned trarisformers 
which may be single- or double-tuned. 
The transformers are either synchro~ 
nously (same frequency) tuned or 
stagger-tuned, depending on circuit' re­
quirements. The over-all bandwidth 
varies from a maximum of 3.58 MHz 
at the 6-dB points for color receiv¢rs to 
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values in the order of 2.0 to 2.5 MHz 
for the most inexpensive receivers. An 
expression for the figure of merit for a 
single tuned if-amplifier tube is the gain­
bandwith product G X B, which is 
given by 

G B g .. 
X. = 2,,-C 

where C is the total tuning capaci­
tance. This relationship again demon­
strates the need for high transconduct­
ance and low interelectrode capacitance. 

The first stage (or first two stages 
in the case of a three-stage if) is gain­
controlled like the rf amplifier. How­
ever, the bias applied to the if-amplifier 
tube varies the input resistance and 
capacitance of the tube and thus de­
tunes the circuit. It is important for 
proper reception to maintain the fre­
quency response of the if stages con­
stant, particularly in the case' of the 
color receiver. Therefore, a small un­
bypassed cathode resistor is used which 
provides degenerative feedback to min­
imize the effect of bias changes. In 
addition, the effects on input impedance 
caused by the grid-plate capacitance 
are reduced by use of a partial bypass 
capacitor at the screen grid to provide 
neutralization of the grid-to-plate ca­
pacitance. 

Tubes used in the gain-controlled 
stages of the if amplifier have remote­
or semiremote-cutoff characteristics to 
reduce cross-modulation or intermodu­
lation interference. Tube types com­
monly used in this application include 
the 6BZ6, 6GM6, 6JH6, 6JD6A, and 
6KT6. 

The last if-amplifier stage is a 
relatively-large-signal amplifier. For 
this reason, the tube must be biased so 
that it will operate over a region of 
linear operation for large voltage ex­
cursions. Because such a quiescent op­
erating point provides a transconduct­
ance somewhat below the maximum 
value for the tube, the selection of the 
operating point involves a compromise 
between signal-handling C8Mcity and 
gain. For purposes of linearity, the 
final if -amplifier stage is not gain-con­
trolled, and operates with the cathode 
bypassed to ground. Because fixed bias 
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is used, a sharp-cutoff tube is used to 
provide higher transconductance than 
could' be obtained with an equivalent 
remote- . or semiremote-cutoff tube. Ex­
amples of types used in this stage are 
the 6EW6 and 6JC6A. 

Wideband (Video) Amplifiers 

In some applications, it is neces­
sary for a circuit to amplify signals 
ranging from very low frequencies (sev­
eral hertz) to high frequencies (tens of 
megahertz) with a minimum of fre­
quency and time-delay distortion. For 
example, very exacting requirements are 
demanded for such applications as tele­
vision camera chains, ac voltmeters, 
and vertical amplifiers for oscilloscopes. 
In response to these demands, circuit 
compensation techniques have been de­
veloped to minimize the amplitude and 
time~delay variation as the upper or 
lower frequency limits of the amplifier 
are approached. 

The need for such compensation is 
evident when many identical stages of 
amplification are employed. If ten cas­
caded stages are used, a variation of 
0.3 dB per stage results in a total 
variation of 3 dB. In an uncompensated 
amplifier, this total variation occurs 
two octaves (a frequency ratio of 
four) prior to the half-power point. Be­
cause two octaves are lost from both 
the high and low frequencies, the band­
width of ten cascaded uncompensated 
amplifies stages is only one-sixteenth 
that of a single amplifier stage. Fig. 73 
shows the amplitude response charac­
teristics of various numbers of identical 
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uncompensated amplifiers. 
In general, the output of an ampli­

fier may be represented by a current 
generator iou• and a load resistance 
RL , as shown in Fig. 74(a). Because the 
signal current is shunted' by various 
capacitances at high frequencies, as 
shown in Fig. 74(b), there is a loss in 
gain· at these frequencies. If an induc­
tor L is placed in. series with the load 
resistor RL, as shown in Fig. 74(c), a 
low-Q circuit is formed which some­
what suppresses the capacitive loading. 
This method of gain compensation, 
called shunt· peaking, can be effective 
for improving high-frequency response. 
Fig. 74 shows the frequency response 
for the circuits in Fig. 74(a); (b), and (c). 
If the inductor L in Fig. 74(c) is made 
self-resonant approximately one octave 
above the 3-dB frequency of the circuit 
of Fig. 74(b), the amplifier response is 
extended by about another 30 per cent 

If the stray capacitance C shown 
in Fig. 74(b) is broken into two parts 
C' and C" and an inductor L, is placed 
between them, a heavily damped form 
of series resonance may be employed 
for further improvement. This form 
of compensation, called series peaking, 
is shown in Fig. 7S(a). If C' and C" are 
within a factor of two of each othe~, 
series peaking produces an appreciable 
improvement in frequency response as 
compared to shunt peaking. A more 
complex form of compensation em­
bodying both self-resonant shunt peak­
ing and series peaking is shown in 
Fig. 7S(b). 

The effects of various high-fre-
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Fig. 73-Amplitude response characteristics of various numbers (N) of identical uncom­
pensated amplifiers. 
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quency compensation systems can be 
demonstrated by consideration of an 
amplifier consisting of three identical 
stages. If each of the three stages is 
down 3 dB at 1 MHz, and if a total 
gain variation of plus 1 dB and minus 
3 dB is allowed, the bandwidth of the 
amplifier is 0.5 MHz without compen­
sation. Shunt peaking raises the band­
width to 1.3 MHz. Self-resonant shunt 

LI 

mll ruc' c" 
R C· (1' 

L2 C 

(0) (b) 

Fig. 75--Circuits using (a) series peaking, 
and (b) both self-resonant shunt peaking 

and series peaking. 

peaking raises it to 1.5 MHz. An in­
fintely complicated network of shunt­
peaking techniques could raise it to 
2 MHz. If the distribution of capaci­
tance permits it, series peaking alone 
can provide a bandwidth of about 2 
MHz, while a combination of shunt 
and series peaking can provide a band-

width of approximately 2.8 MHz. If 
the capacitance is perfectly distributed, 
and if an infinitely complex network 
of shunt and series peaking is em­
ployed, the ultimate capability is about 
4 MHz. 

The frequency response of a wide­
band amplifier is influenced greatly by 
variations in component values due to 
temperature effects, variation of tube 
parameters with voltage and cur­
rent (normal large-signal excursions), 
changes of stray capacitance due to re­
located lead wires, or other variations. 
A change of 20 per cent in any of the 
cdtical parameters can cause a change 
of 0.7 dB in gain per stage over the 
last half-octave of the response for 
the most simple case of shunt peaking. 
As the bandwidth is extended by more 
complex peaking, a circuit becomes 
substantially more critical. (Measure­
ment probes generally alter circuit per­
formance because of their capacitance; 
this effect should be considered during 
frequency-response measurements.) 

In the design of wideband ampli­
fiers using many stages of amplifica­
tion, it is necessary to consider time­
delay variations as well as amplitude 
variation. When feedback capacitance 
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is a major contributor to response limi­
tation, the more complex compensa­
ing networks may produce severe 
ringing or even sustained oscillation. If 
feedback capacitance is treated as input 
capacitance produced by the Miller 
effect, the added input capacitance C( 
caused by the feedback capacitor Cf 
is given by 

C/ = C f (1 - VG) 

where VG is the input-to-output volt­
age gain. The gain VG, however, has 
a phase angle that varies with fre­
quency. The phase angle is 180 degrees 
at low frequencies, but may lead or 
lag this value at high frequencies; the 
magnitude of VG then also varies. In 
the design of very wideband amplifiers 
(20 MHz or more), the phase of the 
transconductance gm must be consid­
ered. 

The video amplifier stage in a tele­
vision receiver usually employs a pen­
tode-type tube specially designed to 
amplify the wide band of frequencies 
contained in the video signal and, at 
the same time, to provide high gain 
per stage. Pentodes are more useful 
than triodes in such stages because 
they have high transconductance (to 
provide high gain) together with low 
input and output interelectrode ca­
pacitances (to permit the broadband 
requirements to be satisfied). An approx­
imate "figure of merit" for a particular 
tube for this application can be deter­
mined from the ratio of its transcon­
ductance, gm, to the sum of its input 
and output capacitances, C.n and C.ut, 
as follows: 

Figure of Merit = C :; C 
in out 

Typical values for this figure are in the 
order of 500 x 10· or greater. 

A typical video amplifier stage, 
such as that shown in Fig. 76, is con­
nected between the second detector of 
the television receiver and the picture 
tube. The contrast control, Rl, in this 
circuit controls the gain of the video 
amplifier tube. The inductance, L., in 
series with the load resistor, RL , main­
tains the plate load impedance at a rela­
tively constant value with increasing 
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frequency. The inductance Ll isolates 
the output capacitance of the tube so 
that ·oiIly stray capacitance is placed 

r-__ ~~ll~~~~C~ 

B+o-----....... -----" 

TO 
PICTURE 

TUBE 

Fig. 76-Typical video amplifier stage. 

across the load. As a result, a higher­
value load resistor is used to provide 
higher gain without affecting frequency 
response or phase relations. The de· 
coupling circuit, C1R.,JS used to im­
prove the low-frequency response. 
Tubes used as video amplifiers include 
types 6CL6 and 12BY7A, or the pen­
tode sections of types 6A W8A and 
6AN8A. 

The luminance amplifier in a color­
television receiver is a conventional 
video amplifier having a bandwidth of 
approximately 3.5 MHz. In a color re­
ceiver, the portion of the output of 
the second detector which lies . within 
the frequency band from approxi­
mately 2.4 to 4.5 MHz is fed to a 
bandpass amplifier, as shown in the 
block diagram. in Fig. 77. The color 

synchronizing signal, or "burst," con~ 
tained in this signal may then be fed 
toa· "burst-key.er" tube. At the same 
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time, a delayed horizontal pulse may 
be applied to the keyer tube. The out­
put of the keyer tube is applied to the 
burst amplifier tube and the signal' is 
then fed to the 3.58-MHz oscillator 
and to the "color-killer" stage. 

The color killer applies a bias volt­
age to the bandpass amplifier in the ab­
sence of burst so that the color section, 
or cbromioance channel, of the receiver 
remains inoperative during black-and­
white broadcasts. A threshold control 
varies the bias and controls the burst 
level at which the killer stage operates. 

The output of the 3.58-MHz os­
cillator and the output of the bandpass 
amplifier are fed into phase and ampli­
tude demodulator circuits. The output 
of each demodulator circuit is an elec­
trical representation of a color-differ­
ence signal, i.e., an actual color signal 
minus the black-and-white, or lumi­
nance, signal. The two color-difference 
signals are combined to produce the 
third color-difference signal; each of 
the three signals then represents one of 
the primary colors. 

The three color-difference signals 
are usually applied to the grids of the 
three electron guns of the color picture 
tube, in which case the black-and-white 
signal from the luminance amplifier may 
be applied simultaneously to the cath­
odes. The chrominance and luminance 
signals then combine to produce the 
color picture. In the absence of trans­
mitted color information, the chromi­
nance channel is cut off by the color 
killer, as described above, and only the 
luminance signal is applied to the pic­
ture tube, producing a black-and-white 
picture. 

TV Scanninr. 
Sync, and Deflection 

For reproduction of a transmitted 
picture in a television receiver, the 
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face of a cathode-ray tube is scanned 
with an electron beam while the inten­
sity of the beam is varied to control 
the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans­
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical signal 
that controls the intensity of the elec­
tron beam in the picture tube at the 
receiver. 

Scanning Fundamentals 

The scanning procedures used in 
the United States employs horizontal 
linear scanning in an odd-line inter­
laced pattern. The standard scanning 
pattern for television systems includes 
a total of 525 horizontal scanning lines 
in a rectangular frame having an aspect 
ratio of 4 to 3. The frames are re­
peated at a rate of 30 per second, with 
two fields interlaced in each frame. The 
first field in each frame consists of all 
odd-number scanning lines, and the 
second field in each frame consists of 
all even-number scanning lines. The 
field repetition rate is thus 60 per sec­
ond, and the vertical scanning rate is 
60 Hz. 

The geometry of the standard odd­
line interlaced scanning pattern is illus­
trated in Fig. 78. The scanning beam 
starts at the upper left corner of the 
frame at point A, and sweeps across 
the frame with uniform velocity to 
cover all the picture elements in one 
horizontal line. At the end of each 
trace, the beam is rapidly returned to 
the left side of the frame, as shown 
by the dashed line, to begin the next 
horizontal line. The horizontal lines 
slope downward in the direction of 
scanning because the vertical deflecting 
signal simultaneously produces a verti-

C 
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Fig. 78-The odd-line interlaced scannillg procedure. 
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cal scanning motion, which is very slow 
compared with the horizontal scanning 
speed. The slope of the horizontal line 
trace from left to right is greater than 
the slope of the retrace from right to 
left because the shorter time of the re­
trace does not allow as much, time for 
vertical deflection of the beam. Thus, 
the beam is continuously and slowly 
deflected downward as it scans the 
horizontal lines, and its position is suc­
cessively lower as the horizontal scan­
ning proceeds. 

At the bottom of the field, the ver­
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. The vertical "flyback" time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori­
zontal lines are produced during the 
vertical flyback. 

All odd-number fields begin at 
point A in Fig. 78 and are the same. 
All even-number fields begin at point 
C and are the same. Because the be­
ginning of the even-field scanning at 
C is on the same horizontal level as 
A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even fields 
fall exactly between the odd-number 
lines in the odd field. 

Sync 
In addition to picture information, 

the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on. the face­
plate of the picture tube at the right 
instant and in the right location. These 
pulses, which are called sync pulses, 
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control the horizontal and vertical 
scanning generators of the receiver. 

Fig. 79 shows a portion of the de­
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 
represented by higher amplitudes until, 
at the "blanking level" shown in the 
diagram, the amplitude represents a 
complete absence of light. This "black 
level" is held constant at a value equal 
to 75 per cent of the maximum ampli­
tude of the signal during transmission. 
The' remaining 25 per cent of the signal 
amplitude is used for synchronization 
information. Portions of the signal in 
this region (above the black level) can­
not produce light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning' of the 
next line. The scanning beam of the 
reciever is maintained at the black level 
during this retrace interval by means 
of the blanking pulse shown in Fig. 79. 
Immediately after the beginning of the 
blanking period, the signal amplitude 
rises further above the black level to 
provide a horizontal-synchronization 
pulse that initiates the action of the 
horizontal scanning generator. When 
the bottom line of the picture is 
reached, a similar vertical-synchroniza­
tion pulse initiates the action of the 
vertical scanning generator to move the 
scanning spot back to the top of the 
pattern. 

The sync pulses in the composite 
video signal may be separated from the 
video information in the output of the 
second or video detector by means of 

- - - MAXIMUM LEVEL 

- - BLACK LEVEL OR 
BLANKING LEVEL 

PICTURE 
INFORMATION 

- - MAXIMUM WHITE 
LEVEL 

Fig. 79-Detected video signal. 
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the triode circuit shown in Fig. 80. In 
this circuit, the time constant of the 
network RlCl is long with respect to the 
interval between pulses. During each 
pulse, the grid is driven positive and 
draws current, thereby charging ca­
pacitor C. Consequently, the grid de­
velops a bias which is slightly greater 
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Fig. 80-Sync-separator circl/it. 

than the cutoff voltage of the tube. 
Because plate current flows only dur­
ing the sync-pulse period, only the 
amplified pulse appears in the output. 
This sync-separator stage discriminates 
against the video information. Because 
the bias developed on the grid is pro­
portional to the strength of the in­
coming signal, the circuit also has the 
advantage of being relatively inde­
pendent of signal fluctuations. 

After the synchronizing signals are 
separated from the composite video 
signal, it is necessary to filter out the 
horizontal and vertical sync signals so 
that each can be applied to its respec­
tive deflection generator. This filtering 
is accomplished by RC circuits designed 
to filter out all but the desired syn­
chronizing signals. Although the hori­
zontal, vertical, and equalizing pulses 
are all rectangular pulses of the same 
amplitude, they differ in frequency and 
pulse width, as shown in Fig. 81. The 
horizontal sync pulses have a repetition 
rate of 15,750 per second (one for 

HORIZ. EOUALIZING 
PULSES PULSES 
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each horizontal line) and a pulse width 
of. 5.1 microseconds. The equalizing 
pulses have a width approximately half 
the horizontal pulse width, and a repe­
tition rate of 31,500 per second; they 
occur at half-line intervals, with six 
pulses immediately preceding and six 
following the vertical synchronizing 
pulse. The vertical pulse is repeated at 
a rate of 60 per second (one for each 
field), and has a width of approxi­
mately 190 microseconds. The serra­
tions in the vertical pulse occur at 
half-line intervals, dividing the complete 
pulse into six individual pulses that 
provide horizontal synchronization dur­
ing the vertical retrace. (Although the 
picture is blanked out during the verti­
cal retrace time, it is necessary to keep 
the horizontal scanning generator syn­
chronized. ) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro­
vide the required synchronization of 
receiver and transmitter scanning. 

The horizontal sync signals are 
separated from the total sync in a dif­
ferentiating circuit that has a short 
time constant compared to the width 
of the horizontal pulses. When the total 
sync signal is applied to the differen­
tiating circuit shown in Fig. 82, the 
capacitor charges completely very soon 
after the leading edge of each pulse, 
and remains charged for a period of 
time equal to practically the entire 
pulse width. When the applied voltage 
is removed at the time corresponding 
to the trailing edge of each pulse, the 
capacitor discharges completely within 
a very short time. As a result, a posi­
tive peak of voltage is obtained for 

VERTICAL PULSE 
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Fig. 81-Waveform of TV synchronizing pulses (H = horizontal line period of 1/15,750' 
seconda, or 63.5 pS). 
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Fig. 82-Separation 0/ the horizontal sync signals from the total sync by a differentiating 
circuit. 

each leading edge and a negative peak 
for the trailing edge of every pulse. 
One polarity is produced by the charg­
ing current for the leading edge of the 
applied pulse, and the opposite polar­
ity is obtained from the discharge cur­
rent corresponding to the trailing edge 
of the pulse. 

As mentioned above, the serrations 
in the vertical pulse are inserted to 
provide the differentiated output needed 
to synchronize the horizontal scanning 
generator during the time of vertical 
synchronization. During the vertical 
blanking period, many more voltage 
peaks are available than are necessary 
for horizontal synchronization (only 
one pulse is used for each horizontal 
line period). The check marks above 
the differentiated output in Fig. 82 in­
dicate the voltage peaks used to syn­
chronize the horizontal deflection 
generator for one field. Because the 
sync system is made sensitive only to 
positive pulses occurring at approxi­
mately the right horizontal timing, the 
negative sync pulses and alternate dif­
ferentiated positive pulses produced by 
the equalizing pulses and the serrated 
vertical information have no effect on 
horizontal timing. It can be seen that 
although the total sync sigpal (includ­
ing vertical synchronizing information) 
is applied to the circuit of Fig. 82, only 
hQrizontal synchronization information 
appears at the output. 

The vertical sync signal is sepa­
rated from the total sync in an integrat­
ing circuit which has a time constant 
that is long compared with the duration 
of the 5-microsecond horizontal pulses, 
but short compared with the 190-micro­
second vertical pulse width. Fig. 83 
shows the general circuit configuration 
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Fig. 83-Separation of vertical sync signals 
from the total sync for odd and even fields 
with no equalizing pulses. (Dashed line in­
dicates triggering level for vertical scanning 

generator.) 

used, together with the input and out­
put .signals for both odd and even fields. 
The period between horizontal pulses, 
when no voltage is applied to the RC 
circuit, is so much longer than the hori­
zontal pulse width that the capacitor 
has time to discharge almost down to 
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zero. When the vertical pulse is ap­
plied, however, the integrated voltage 
across the capacitor builds up to the 
value required for triggering the verti­
cal scanning generator. This integrated 
voltage across the capacitor reaches its 
maximum amplitude at the end of the 
vertical pulse, and then declines prac­
tically to zero, producing a pulse of 
the triangular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync signal 
(including horizontal information) is 
applied to the circuit of Fig. 83, there­
fore, only vertical synchronization in­
formation appears at the output. 

The vertical synchronizing pulses 
are repeated in the total sync signal 
at the field frequency of 60 per sec­
ond. Therefore, the integrated output 
voltage across the capacitor of the RC 
circuit of Fig. 83 can be coupled to 
the vertical scanning generator to pro­
vide vertical synchronization. The six 
equalizing pulses immediately preced­
ing and following the vertical pulse 
improve the accuracy of the vertical 
synchronization for better interlacing. 
The equalizing pulses that precede the 
vertical pulses make the average value 
of applied voltage more nearly the 
same for even and odd fields, so that 
the integrated voltage across the capa­
citor adjusts to practically equal values 
for the two fields before the vertical 
pulse begins. The equalizing pulses that 
follow the vertical pulse minimize any 
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difference in the trailing edge of the 
vertical synchronizing signal for even 
and odd fields. 

In fringe areas, two conditions 
complicate the process of sync separa­
tion. First, the incoming signal available 
at the antenna is weak and susceptible 
to fading and other variations; second, 
the receiver is operating at or near 
maximum gain, which makes it ex­
tremely susceptible to interference from 
pulse-type noise generated by certain 
types of electrical equipment, ignition 
systems, switches, or the like. Some 
type of noise-immunity provision is 
almost essential for acceptable per­
formance. Noise may be reduced or 
eliminated from the sync and age cir­
cuits by gating or by a combination of 
gating, inversion, and cancellation. An 
example, of the latter method is shown 
in Fig._ 84. In this circuit the 6GY6, 
which has two independent control 
grids, serves the dual function of agc 
amplifier and noise inverter. Because 
the sync tips of the video signal at 
grid No. 1 of the 6GY6 drive the tube 
near its cutoff region, any noise signal 
extending above the tip level will ap­
pear inverted across the grid-No.2 load 
resistor Ro This inverted noise signal is 
re-combined with the video signal and 
fed to the sync separator at point "A" 
in Fig. 84, where noise cancellation 
takes place. This process leaves the 
sync pulses relatively free of disturbing 
noise and results in a stable picture. 
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.f'ig. 84-Typical lIoise-cancellation circuit. 
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To prevent reduction of receiver gain 
due to the effect of noise on the agc 
amplifier, a portion of the inverted 
noise signal is fed to the second con­
trol grid, grid No.3, of the 6GY6 to 
cut off or gate the agc amplifier when 
a noise pulse occurs. 

Horizontal Deflection 

In the horizontal-deflection stages 
of a television receiver, a current that 
varies linearly with time and has a 
sufficient peak-to-peak amplitude must 
be passed through the horizontal-de­
flection-yoke winding to develop a 
magnetic field adequate to deflect the 
electron beam of the television picture 
tube. (This type of deflection is differ­
ent from that used in a cathode-ray 
oscilloscope, where the beam is de­
flected electrostatically.) After the 
beam is deflected completely across the 
face of the picture tube, it must be 
returned very quickly to its starting 
point. (As explained previously, the 
beam is extinguished during this re­
trace by the blanking pulse incorporated 
in the composite video signal, or in 
some cases by additional external 
bJanking derived from the horizontal­
deflection system.) 

The simplest form of a deflection 
circuit is shown in Fig. 85. In this cir­
cuit, the yoke impedance L is assumed 
to be a perfect inductor. When the 

Fig. 85-Simplest form of deflection circuit. 

switch is closed, the yoke current starts 
from zero and increases linearly. At 
any time t, the current i is equal to 
EtlL, where E is the applied voltage. 
When the switch is opened at a later 
time t" the current instantly drops from 
a value of Eh/L to zero. 

Although the basic circuit of Fig. 
85 crudely approaches the requirements 
for deflection, it presents some obvious 
problems and limitations. The voltage 
across the switch becomes extremely 
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high, theoretically approaching infinity. 
In addition, if very little of the total 
time is spent at zero current, the circuit 
would require a tremendous amount of 
de power. Furthermore, the operation 
of the switch would be rather critical 
with regard to both its opening and its 
closing. Finally, because the deflection 
field would be phased in only one di­
rection, the beam would have to be 
centered at the extreme left of the 
screen for zero yoke current. 

If a capacitor is placed across the 
switch, as shown in Fig. 86, the yoke 
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Fig. 86-Addjtion of capacitor to permit 
flyback ringing, and yoke-current (upper) 

and switch-voltage (lower) waveforms. 

current still increases linearly when the 
switch is closed at time t = O. How­
ever, when the switch is opened at time 
t = t" a tuned circuit is formed by 
the parallel combination of Land C. 
The resulting yoke currents and switch 
voltages are then as shown in Fig. 86. 
The current is at a maximum when 
the voltage equals zero, and the volt­
age is at a maximum when the current 
equals zero. If it is assumed that there 
are no losses, the ringing frequency 
f08e is equal to 1/(2".yLC). 

If the switch is closed again at any 
time the capacitor voltage is not equal 
to zero, an infinite switch current flows 
as a result of the capacitive discharge. 
However, if the switch is closed at the 
precise moment 1. that the capacitor 
voltage equals zero, the capacitor cur-
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rent effortlessly transfers to the switch, 
and a new transient condition results. 
Fig. 87 shows the yoke-current and 
switch-voltage wavefonns for this new 
condition. 

If the switch is again opened at 
t., closed at t., and so on, the desired 

o i, .fz t~ .f4 t~ 

orl-------' (\L----
Fig. 87-Yoke-current (upper) and switch­
voltage (lower) waveforms when switch is 

closed at t2• 

sweep results, the peak switch voltage 
is finite, and the average supply cur­
rent is zero. The deflection system is 
then lossless and efficient and, because 
the average yoke current is zero, beam 
decentering is avoided. The only fault 
of the circuit of Fig. 86 is the critical 
timing of the switch, particularly at 
time t = t2. However, if the switch is 
shunted by a damper diode, as shown 
in Fig. 88, the diode acts as a closed 
switch as soon as the capacitor voltage 
reverses slightly. The switch may then 
be closed at any time between t. and ta. 

Fig. 88-Incorporation of damper diode. 

output-and-deflection circuit used in tele­
vision receivers. In addition to supply­
ing the deflection energy required for 
horizontal deflection of the picture-tube 
beam, this circuit provides the high dc 
voltage required for the uItor (anode) of 
the picture tube and the "boosted" B vol­
tage for other portions of the receiver. 
The horizontal-output tube is usually a 
beam power tube such as the 6JB6A, 
6JG6A, or 6JE6A. 

In this circuit, a sawtooth voltage 
from the horizontal-oscillator tube is 
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applied to the grid No. 1 of the horizon­
tal-output tube. When this voltage rises 
above the cutoff point of the output 
tube, the tube conducts a sawtooth of 
plate current which is fed through the 
auto-transformer to the horizontal-de­
flecting yoke. At the end of the horizon­
tal-scanning cycle, which lasts for 63.4 
microseconds, the sawtooth voltage on 
the grid suddenly cuts off the output 
tube. This sudden change sets up an 
oscillation of about 50 to 70 KHz in 
the output circuit, which may be consid­
ered as inductor shunted by the stray 
capacitance of the circuit. During the first 
half of this oscillation, a positive voltage 
appears across the transformer. In the 

BOOSTED 
B+ 

Fig. 89-Typical horizontal-deflection and 
high-voltage circuit. 

second half of the cycle, the voltage 
swings below the plate supply voltage, 
and the damper diode conducts, damp­
ing out the oscillation. At the same time, 
the current through the deflecting yoke 
reverses and reaches its negative peak. 
As the damper-diode current decays ex­
ponentially to zero, the output tube be­
gins to conduct again. The yoke current, 
therefore, is composed of current re­
sulting from damper-diode conduction 
followed by output-tube conduction. 

When the output tube is suddenly 
cut off, the high-voltage pulse produced 
by shock excitation of the load circuit is 
increased by means of an extra winding 
on the transformer. This high-voltage 
pulse charges a high-voltage capacitor 
through the high-voltage rectifier. The 
output of this circuit is the de high-
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voltage supply for the picture tube. The 
high-voltage rectifier also obtains its 
filament power through a separate wind­
ing on the horizontal-output trans­
former. 

Current flowing through the damper 
diode charges the "boost" capacitor 
through the damper portion of the trans­
former winding. The polarity of the 
charge on the capacitor is such that the 
voltage at the low end of the winding 
is increased above the plate supply volt­
age, or B+. This higher voltage or 
"boost" is used for the output-tube 
plate supply, and may also supply the 
deflection oscillators and the vertical­
output circuit provided the current drain 
is not excessive. 

Vertical Deflection 

The vertical-deflection circuit in a 
television receiver is essentially a class 
A audio amplifier with a complex load 
line, severe low-frequency requirements 
(much lower than 60 Hz), and a need 
for controlled linearity. The equivalent 
low-frequency response for a lO-percent 
deviation from linearity is 1 Hz. 

The required performance can be 
obtained in a vertical-deflection circuit 
in any of three ways. The amplifier 
may be designed to provide a flat re­
sponse down to 1 Hz. This design, 
however, requires an extremely large 
output transformer and immense ca­
pacitors. Another arrangement is to 
design the amplifier for fairly good 
low-frequency response and predistort 
the generated signal. 
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The third method is to provide ex­
tra gain so that feedback techniques 
can be used to provide linearity. If 
loop feedback of 20 or 30 dB is used, 
tube gain variations and non-linearities 
become fairly insignificant. The feed­
back automatically provides the neces­
sary "predistortion" to correct low­
frequency limitations. In addition, the 
coupling of miscellaneous signals (such 
as power-supply hum or horizontal­
deflection signals) in the amplifying 
loop is suppressed. 

A modified multivibrator in which 
the vertical output tube is part of the 
oscillator circuit is used in the vertical 
deflection stage of many television re­
ceivers. This stage supplies the deflec­
tion energy required for vertical 
deflection of the picture-tube beam. A 
simplified combined vertical-oscillator­
output stage is shown in Fig. 90. Wave­
shapes at critical points of the circuit 
are included to illustrate the develop­
ment of the desired current through the 
vertical output transformer and deflect­
ing yoke. 

The current waveform through the 
deflecting yoke and output transformer 
should be a sawtooth to provide the de­
sired deflection. The grid and plate volt­
age waveforms of the output tube could 
also be sawtooth except for the effect of 
the inductive components in the yoke 
and transformer. The effect of these in­
ductive components must be taken into 
consideration, however, particularly 
during retrace. The fast rate of current 
change during retrace time (which is 
approximately 1/15 as long as trace 

VERTICAL 
OUTPUT 

TRANSFORMER 
,..--...... --..., 

= L~ARITY B+ 

Ftg. 90-Simplijied combined verlical-oscillator-and-oulput slage. 
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time) causes a high-voltage pulse at 
the plate which could give a trapezoi­
dal waveshape to the plate voltage and 
cause increased plate current, excess 
damping, and lengthened retrace time. 
However, the grid voltage is made suf­
ficiently negative during retrace to keep 
the tube close to cutoff, as described 
below. 

The frequency, and the relative de­
viation of the positive and negative por­
tions of each cycle, are dependent on 
the values of resistors R, and R. and 
the RC combination R..C., as explained 
previously in the section on multivibra­
tors. The desired trapezoidal waveshape 
at the grid of V. is created by capacitor 
C, and resistor R.. If R. were equal to 
zero, C, would cause the grid-voltage 
waveshape to take the form shown in 
Fig. 91(a). When R. is sufficiently large, 
C, does not discharge completely when 
V, conducts. When V, is cut off, there­
fore, the voltage on the grid of V. im­
mediately rises to the voltage across 
C,. The resulting waveshape is shown 
in Fig. 91 (b). The negative-going pulse 
of the grid-voltage waveshape prevents 
the high plate pulse from causing ex­
cess conductance, and thereby prevents 
overdamping. 

Il b 

Fig. 91-Wave/orms showing effect 0/ R. 
in Fig. 90. 

This vertical deflection stage uti­
lizes twin-triode tubes such as the 6DR7 
and 6EM7. The 6EM7 is particularly 
suitable for this application because it 
incorporates dissimilar units to provide 
for the different operating requirements 
of the oscillator and output sections. 

High-Voltage Regulator Circuit 

In color-television receivers, it is 
very important to regulate the high­
voltage supply to the picture tube. A 
suitable circuit using the 6BK4A for 
regulation of the output of a high­
voltage, high-impedance supply is shown 
in Fig. 92. In this circuit, the cathode 
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is held at a fixed positive potential 
with respect to ground. Because the 
grid potential is kept slightly less posi­
tive by the voltage drop across resistor 
Ro, the tube operates in the negative 
grid region and no grid current is 
drawn. 

When the output voltage, eo, rises 
as a result of a decrease in load current, 

RS 

ei 
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INPUT) 

eo 
(REGULATED 

OUTPUT) 

Fig. 92-High-voltage regulator circuit for 
color television. 

a small fraction of the additional volt­
age is applied to the grid of the tube by 
the voltage-divider circuit consisting of 
R, and R.. This increased grid voltage 
causes the tube to draw an increased 
current from the unregulated supply. 
The increased current, in turn, causes 
a voltage drop across the high internal 
impedance of the unregulated supply, 
R., which tends to counteract the origi­
nal rise of the voltage. If desired, the 
grid may be connected to a variable 
point on the voltage divider to allow 
some adjustment of the output-voltage 
level. 

The grid voltage for the 6BK4A 
can also be obtained from a tap on the 
B-boost voltage supply. The use of this 
lower voltage (about 375 volts) elimi­
nates the need for costly and trouble­
some high-voltage resistors. In this 
arrangement, variations in high voltage 
also vary the tapped-down B-boost volt­
age at the regulator grid, and the result­
ing variations in conduction of the 
regulator increase or decrease the load­
ing of the high-voltage supply so that 
the total load remains nearly constant. 

Color Demodulation 

In the transmission of picture sig­
nals for color-television receivers, all 
the color information is contained in 
three signals, a luminance (black-and-



70 

white) or monochrome signa] and two 
chrominance signals. The luminance 
signal, which is called the Y signal, con­
tains brightness information only. The 
voltage response of the Y signa:J is 
made similar to the brightness response 
of the human eye by use of a composite 
signal that contains definite propor­
tions of the red, green, and blue signals 
from the color-television camera (30 
per cent red, 59 per cent green, and 
11 per cent blue). This Y signal, which 
includes sync and blanking pulses, pro­
vides a correct monochrome picture in 
a conventional black-and-white televi­
sion receiver. 

For the generation of color-televi­
sion signals, the Y signal is subtracted 
from the red, green, and blue signals 
to provide a new set of color-difference 
signals, which are designated as R-Y, 
B-Y, and G-Y. All of the original pic­
ture information is contained in the Y 
signal, the R-Y signal, and the B-Y 
signal. Therefore, the G-Y signal is not 
contained in the transmitted signal, but 
is synthesized in the receiver by proper 
combination of the R-Y and B-Y sig­
nals. 

(Color signals transmitted under 
present color-television standards are 
not R-Y and B-Y, but a similar pair of 
signals designated as I and Q. In the 
color-television receiver, R-Y and B-Y 
signals are demodulated directly from 
the I and Q signals with negligible loss 
of color quality. For purposes of sim­
plicity, only R-Y and B-Y signals are 
considered in this explanation. In addi­
tion, a 90-degree phase-shift network 
is shown; the phase-shift angle could 
be, and often is, some other value.) 

Because the luminance signal and 

COLOR-DIFFERENCE 
SIGNAL A 

RCA RECEIVING TUBE MANUAL 

the two color-difference signals must 
be transmitted with a standard 6-MHz 
channel, the two color signals are 
combined into one signal at the trans­
mitter and are independently recovered 
at the receiver by proper detection 
techniques. A color subcarrier of ap­
proximately 3.58 MHz is used for 
transmitting the color information 
within the 6-MHz spectrum of the tele­
vision station. ,As shown in Fig. 93, 
the 3.58-MHz subcarrier and one of the 
color-difference signals are applied di­
rectly to a balanced AM modulator. 
The other color-difference signal is ap­
plied directly to a second balanced AM 
modulator, and the 3.58 MHz subcarrier 
is applied to this second modulator 
through a 90-degree phase-shifting net­
work. The balanced modulators effec­
tively cancel both the individual color­
difference signals and the subcarrier 
signal, and the output contains only 
the side-bands of the combined chromi­
nance signal. 

Recovery of the color information 
at the receiver involves a process called 
synchronous detection. In this process, 
two separate detectors are used to re­
cover the separate color information, 
just as two separate modulators were 
used to combine the information at the 
transmitter. The 3.58-MHz subcarrier, 
which. was suppressed during transmis­
sion, must be reinserted at the receiver 
for recovery of the color information. 
The basis of synchronous detection is 
the phase relationship of this reinserted 
3.58-MHz subcarrier. 

For example, the original color in­
foqnation is represented in Fig. 93 by 
the color-difference signals A and B. 
At the receiver, the combined color 

COMBINED 

COLOR­
DIFFERENCE 
SIGNAL A 

COLOR SIGNAL 

COLOR-DIFFERENCE 
SIGNAL B 

Fig. 93-Formation o/combined color. signal for tram'mission. 
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A 
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SIGNAL 

B 
COLOR 
SIGNAL. 

Fig. 94-Separation 01 com billed color signal into two signals at the receiver. 

signal is fed to two demodulators A 
and B, as shown in Fig. 94. At the same 
time, a 3.5S-MHz subcarrier is also 
fed to the two demodulators, with 
the same phase relationship that was 
used in the modulators at the trans­
mitter. This locally generated subcar­
rier essentially duplicates or replaces 
the original subcarrier, which was re­
moved at the transmitter. 

The local 3.5S-MHz oscillator in 
the color-television receiver is made 
to function at the proper frequency and 
phase by means of a synchronizing sig­
nal sent out by the transmitter. This 
synchronizing signal consists of a short 
burst of 3.5S-MHz signals transmitted 
during the horizontal blanking inter­
val, immediately after the horizontal 
sync pulse, as shown in Fig. 95. 

HORIZONTAL 
SYNC 

PULSE 

BURST OF 3.58 MHz 
/.(8 CYCLES MIN) 

HORIZONTAL I-- BLANKING INTERVAL~ 

Fig. 95-Wavelorm lor synchronizing 
signa/. 

Fig. 96 shows a simplified diagram 
of a low-level color demodulator fre­
quently used in color-television receiv­
ers. The locally generated 3.5S-MHz 
signal is applied to the grid No. 3 
of the pent ode. The transmitted color 
signal containing the 3.5S-MHz side­
bands is applied to grid No. L The 
phase of the 3.SS-MHz color signal 
constantly changes in accordance with 
its color content. For example, the fol­
lowing table shows six variations in color 
(hue) as a function of subcarrier phase: 

Snbcarrier Phase-degrees 
(with resped to 3oSS-MHz 

local signal io pba5e with burst) Hue 

13 Yellow 
77 Red 

119 Magenta 
193 Blue 
257 Cyan 
299 Green 

The basic operating principle of 
the color demodulator shown in Fig. 
96 is that plate current from the pen­
tode is zero (or quite low) unless both 
grid No. 1 and grid No. 3 are simul­
taneously positive. For example, when 
the signals applied to the two grids 
are in phase, plate current can be ex­
pected to flow for ISO degrees of 
each ac cycle. Conversely, when the 
signals are ISO degrees out of phase, 
plate current is cut off. The output sig­
nal from the detector, therefore, is a 
function of the phase relationship be­
tween the transmitted color signal and 
the locally generated subcarrier. 

In a typical color-television re­
ceiver, two color demodulators of the 
type shown in Fig. 96 are required. 
In one demodulator, the 3.58-MHz 
subcarrier signal is applied directly to 
the pentode grid No.3 from the local 
"burst" oscillator. Tn the other demodu­
lator, the 3.SS-MHz signal from the 

TRANSMITTED 
COLOR SIGNALS 

3.58-MHz SIDE8ANDS 

B+ B+ 

Fig. 96-Low-level color demodulator. 
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burst oscillator is . shifted 90 degrees 
in phase before it is applied to the 
pentode grid No.3. As shown previ­
ously in Fig. 94, the demodulator B 
produces R-Y signals. These B-Y and 
R-Y signals are then combined (ma­
trixed) to produce the G-Y signal, as 
discussed earlier. The complete lumi­
nance signal is then amplified to the 
required level in a conventional video­
amplifier circuit. 

In some color-television receivers, 
the demodulators are designed so that 
the color output signals can be applied 
directly to the color picture tube. In 
the diagram shown in Fig. 97, for ex­
ample, the 6JH8 sheet-beam demodula-

TYPE 6JHS 
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8- A- J+ 
A+ 

Fig. 98-Tuned-grid triode oscillator circuit 
using filament-type tube. 

cuit to the grid circuit than is required 
to equal the power loss in the grid cir­
cuit. Feedback may be produced by 
electrostatic or electromagnetic coupling 
between the grid and plate circuits. 
When sufficient energy is fed back to 
more than compensate for the loss in 
the grid circuit, the tube will oscillate. 
The action consists of regular surges 
of power between the plate and the 
grid circuit at a frequency dependent 
on the circuit constants of inductance 

G- and capacitance. By proper choice of 
these values, the frequency may be ad­
justed over a very wide range. 

Fig. 97-Block diagram of demodulator 
circllit lIsed to apply signals directly to 

color picture tube. 

tors produce both positive and negative 
B-Y and R-Y signals. The positive sig­
nals are applied directly to the control 
grids (grid No.1) of the blue and red 
guns of the color picture tube. At the 
same time, the negative color-difference 
signals are added (matrixed) in the 
correct proportions to produce the G-Y 
signal, which is applied to grid No.1 of 
the green gun. 

Oscillation 
As an oscillator, an electron tube 

can be employed to generate a continu­
ously alternating voltage. In present­
day radio broadcast receivers, this 
application is limited practically to 
superheterodyne receivers for supplying 
the heterodyning frequency. Several cir­
cuits (represented in Figs. 98 and 99) 
may be utilized, but they all depend on 
feeding more energy from the plate cir-

e- HEATER B+ 
TRANSFORMER 

Fig. 99--Tuned-grid triode oscillator circuit 
using heater-cathode-type tube. 

Multivibrators 
Relaxation oscillators, which are 

widely used in present-day electronic 
equipment, are used to produce non­
sinusoidal waveshapes such as rectangu­
lar and sawtooth pulses. Probably the 
most common relaxation oscillator is 
the multivibrator, which may be con­
sidered as a two-stage resistance-coupled 
amplifier in which the output of each 
tube is coupled into the input of the 
other tube. 

Fig. 100 is a basic multivibrator 
circuit of the free-running type. In this 
circuit, oscillations are maintained by 
the alternate shifting of conduction from 
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one tube to the other. The cycle usually 
starts with one tube, V" at zero bias, 
and the other, V., at cutoff or beyond. 
At this point, the capacitor C, is charged 
sufficiently to cut off V •. C, then begins 
to discharge through the resistor R., and 
the voltage on the grid of V. rises until 
V. begins to conduct. The voltage on the 
plate of V. then decreases, causing V, to 
conduct less and less. At the same time, 
the plate voltage of V, begins to rise, 
causing V. to conduct still more heavily. 
Because of the amplification, this cumu­
lative effect builds up extremely fast, 
and conduction switches from V, to V. 

r-------------------~--~+ 

Fig. lOO-Basic mllitivibrator circuit 01 
the free-running type. 

witbin a few microseconds, depending 
on the circuit components. 

In this circuit, therefore, conduc­
tion switches from V, to V. over the 
interval during which C, discharges 
from the voltage across R. to the cutoff 
voltage for V.. The actual transfer of 
conduction does not occur until cutoff 
is reached. Conduction switches back to 
V, through a similar process to com­
plete the cycle. The plate waveform is 
essentially rectangular in shape, and 
may be adjusted as to symmetrY, fre­
quency, and amplitude by proper choice 
of circuit constants, tubes, and voltages. 

Although this type of multivibrator 
is free-running, it may be· triggered by 
pulses of a given amplitude and fre­
quency to provide a frequency-stabilized 
output. Multivibrator circuits may also 
be designed so that they are not free­
running, but must be triggered ex­
ternally to shift conduction from one 
tube to the other. Depending on the 
type of circuit, conduction may shift 
back to the first tube after a given time 
interval, or the second tube may con­
tinue conducting until another trigger 
signal is applied. 
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Synchroguide Circuits 

The "synchroguide" is a controlled 
type of oscillator used in television re­
ceivers to generate and control the syn­
chronized sawtooth voltage necessary 
for adequate line- or horizontal-fre­
quency scanning. A simplified synchro­
guide circuit is shown in Fig. 101. This 
circuit provides stable, noise-free control 
of a blocking oscillator which generates 
a horizontal-frequency signal. It permits 
comparison of the received sync pulses 
and the generated sawtooth voltages so 
that properly locked-in horizontal scan­
ning results. 

The triode V. in Fig. 101 is a con­
ventional blocking oscillator which en­
ables a sawtooth voltage to be developed 
across the capacitor C.. A portion of 
this sawtooth is fed back to the grid of 

SYNc1 
INPUT 

TO 
HORIZONTAL 
SCANNING 
AMPLltlER 

1C2 

Fig. lOl-Simp/ified synchroguide circuit. 

the control tube, V,. The positive sync 
pulses are also applied to the grid of 
V,. The waveforms shown in Fig. 102 
illustrate the sawtooth and sync pulses 
(A and B) and their proper "in-sync" 

A ~'yJ~_ SAWTOOTH 

8 ~ SYNC-PULSES 

C !<\,117"t7t7't7t-- C;~BI~YA~~~N 
OSCILLATING 

CUTOFF . FREQUENCY 
---/17V1:7i. - - - --- LOWER THAN o SYNC-PULSE 

FREQUENCY 

Fig. l02-Sawtooth and sync pulses in 
synchroguide circuit. 

combination (C). The sync pulse occurs 
partly during the portion of the saw­
tooth voltage in which the triode V, 
draws current. Any shift in sync pulse 
as it is superimposed on the sawtooth, 
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therefore, will affect the amount of 
conduction of the control tube. A 
change in control-tube conduction ulti­
mately affects the bias on the oscillator­
tube grid by changing the voltage to 
which the capacitor C. in the cathode 
circuit may charge. An increase in the 
positive bias increases the frequency of 
oscillation. . 

For example, waveform D in Fig. 
102 illustrates a condition in which the 
sawtooth voltage is advanced in phase 
with respect to the sync pulses. The 
widening of the pulse which occurs at 
the corner of the sawtooth waveform 
allows the control tube to conduct more 
current and, consequently, allows the 
capacitor C. to charge to a higher volt­
age. This increased reference voltage 
also appears in the grid circuit of V. 
and makes the grid more positive. The 
increased grid voltage then speeds up 
the frequency of oscillations until proper 
synchronization results. 

The blocking oscillator can be 
made more immune to changes in fre­
quency and noise if V. is brought out of 
cutoff very sharply. This effect is ob­
tained by sine-wave stabilization. The 
tuned circuit LaC. in the plate circuit 
of Fig. 101 superimposes a shock-excited 
sine wave on the plate and grid wave­
forms, as shown in Fig. 103. 

GRID CUTOFF 

~GRADUAL APPROACH] 
TUBE CAN BE DRIVo;N 

A q -g~~~+ g~l~f BY 
VARIATIONS. 

~
SHARPER APPROACH 

~ MAKES OSCILLATOR LESS 
SUSCEPTIBLE TO 

B FREQUENCY CHANGES. 

Fig. L03-Waveforms showing effect of 
tuned circuit LaC. in Fig. 101. 

Automatic Frequency Control 

An automatic frequency control 
(afc) circuit provides a means of cor­
recting automatically the intermediate 
frequency of a superheterodyne receiver 
When, for any reason, it drifts from the 
frequency to which the if stages are 
tuned. This correction is made by ad­
justing the frequency of the oscillator. 
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Such a circuit will automatically com­
pensate for slight changes in rf carrier 
or oscillator frequency as well as for 
inaccurate manual or push-button tun­
ing. 

An afc system requires two sec­
tions: a frequency detector and a vari­
able reactance. The detector section may 
be essentially the same as the FM de­
tector illustrated in Fig. 30 and dis­
cussed under Detection. In the afc 
system, however, the output is a dc 
control voltage, the magnitude of which 
is proportional to the amount of fre­
quency shift. This dc control voltage is 
used to control the grid bias of an elec­
tron tube which comprises the variable 
reactance section (Fig. 104). 

e. 

DeCONTROL 
VOLiAGE 

FROM FREO. 
DETECTOR 

Fig. 104-Automatic-frequency-control 
(a/c) circuit. 

e+ 

The plate current of the reactance 
tube is shunted across the oscillator tank 
circuit. Because the plate current and 
plate voltage of the reactance tube are 
almost 90 degrees out of phase, the con­
trol tube affects the tank circuit in the 
same manner as a reactance. The grid 
bias of the tube determines the magni­
tude of the effiective reactance and, con­
sequently, a control of this grid bias can 
be used to control the oscillator fre­
quency. 

Automatic frequency control is also 
used in television receivers to keep the 
horizontal oscillator in step with the 
horizontal-scanning frequency (15,750 
Hz) at the transmitter. A widely used 
horizontal afc circuit is shown in Fig. 
105. This circuit, which is often referred 
to as a balanced-phase-detector or 
phase-discriminator circuit, is usually 
employed to control the frequency of 
a multivibrator-type horizontal-oscilla­
tor circuit. The 6ALS detector supplies 
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a dc control voltage to the grid of the 
horizontal-oscillator tube which counter­
acts changes in its operating frequency. 
The magnitude and polarity of the con­
trol voltages are determined by phase 
relationships in the afc circuit at a 
given moment. 

The horizontal sync pulses obtained 
from the sync-separator circuit are fed 
through a single-triode phase-inverter 
or phase-splitter circuit to the two diode 
units of the 6AL5. Because of the action 
of the phase-inverter circuit, the signals 
applied to the two diode units are equal 
in amplitude but 180 degrees out of 

REFERENCE VOLTAGE 
FROM HORIZONTAL 
OUTPUT CIRCUIT 

DC CORRECTION 
VOLTAGE TO GRID 
OF HORIZONTAL 

OSCILLATOR 

Fig. lOj-Balanced phase-detector or 
phase-discriminator circuit for 

horizontal afc. 

phase. A reference sawtooth voltage ob­
tained from the horizontal output cir­
cuit is also applied simultaneously to 
both units. Any change in the oscillator 
frequency alters the phase relationship 
between the reference sawtooth and the 
incoming horizontal sync pulses, caus­
ing one diode unit of the 6AL5 to con­
duct more heavily than the other, and 
thus producing a correction signal. The 
system remains balanced at all times, 
therefore, because momentary changes 
in oscillator frequency are instantane­
ously corrected by the action of the 
control voltage. 

The diode units of the 6AL5 are 
biased so that conduction takes place 
only during the tips of the sync pUlses. 
The relative position of the sync pulses 
on the ('etrace portion of the sawtooth 
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waveform at any given instant deter­
mines which d-. unit conducts more 
heavily, and thereby establishes the 
magnitude and polarity of the control 
voltage. The network between the diode 
units and the grid of the horizontal­
oscillator tube is essentially a low-pass 
filter which prevents the horizontal sync 
pulses from affecting the horizontal­
oscillator performance. 

Frequency Conversion 
Frequency conversion is used in 

superheterodyne receivers to change the 
frequency of the rf signal to an inter­
mediate frequency. To perform this 
change in frequency, a frequency-con­
verting device consisting of an oscillator 
and a frequency mixer is employed. In 
such a device, shown diagrammatically 
in Fig. 106, two voltages of different 
frequency, the rf signal voltage and the 
voltage generated by the oscillator, are 
applied to the input of the frequency 
mixer. These voltages beat, or hetero­
dyne, within the mixer tube to produce 
a plate current having, in addition to 
the frequencies of the input voltages, 
numerous sum and difference frequen­
cies. 

The output circuit of the mixer 
stage is provided with a tuned circuit 
which is adjusted to select only one beat 
frequency, i.e., the frequency equal to 
the difference between the signal fre­
quency and the oscillator frequency. 
The selected output frequency is known 

ftADIO 
FREQUENCY 

UlPUT 

IHT£IIMEDIATE 
FREQUENCY 

OUTPUT 

rREOUENCY CONVERTER 

Fig. l06-Block diagram of simple fre­
quency-converter circuit. 

as the intermediate frequency, or if. 
The output frequency of the mixer tube 
is kept constant for all values of sig­
nal frequency by tuning the oscillator 
to the proper frequency. 

Important advantages gained in a 
receiver by the conversion of signal fre­
quency to a fixed intermediate frequency 
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are high selectivity with few tuning 
stages and a high, as well as stable, over­
all gain for the receiver. 

Several methods of frequency con­
version for superheterodyne receivers 
are of interest. These methods are alike 
in that they employ a frequency-mixer 
tube in which plate current is varied at 
a combination frequency of the signal 
frequency and the oscillator frequency. 
These variations in plate current pro­
duce across the tuned plate load a volt­
age of the desired intermediate fre­
quency. The methods differ in the types 
of tubes employed and in the means of 
supply input voltages to the mixer tube. 

A method widely used before the 
availability of tubes especially designed 
for frequency-conversion service, and 
currently used in many FM, television, 
and standard broadcast receivers, em­
ploys as mixer tube either a triode, a 
tetrode, or a pentode, in which oscillator 
voltage and signal voltage are applied to 
the same grid. In this method, coupling 
between the oscillator and mixer circuits 
is obtained by means of inductance or 
capacitance. 

A second method employs a tube 
having an oscillator and frequency mixer 
combined in the same envelope. In one 
form of such a tube., coupling between 
the two units is obtained by means of 
the electron stream within the tube. 
Because five grids are used, the tube is 
called a pentagrid converter. 

Grids No. 1 and No. 2 and the 
cathode are connected to an external 
circuit to act as a triode oscillator. Grid 
No. 1 is the grid of the oscillator and 
Grid No.2 is the anode. These and the 
cathode can be considered as a com­
posite cathode which supplies to the rest 
of the tube an electron stream that var­
ies at the oscillator frequency. 

This varying electron stream is fur­
ther controlled by the rf signal voltage 
on grid No.4. Thus, the variations in 
plate current are due to the combina­
tion of the oscillator and the signal fre­
quencies. The purpose of grids No. 3 
and No.5, which are connected together 
within the tube, is to accelerate the elec­
tron stream and to shietd grid No. 4 
electrostatically from the other elec­
trodes. 
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Pentagrid-converter tubes of this 
design are good frequency-converting 
devices at medium frequencies. How­
ever, their performance is better at the 
lower frequencies because the output 
of the oscillator drops off as the fre­
quency is raised and because certain 
undesirable effects produced by inter­
action between oscillator and signal sec­
tions of the tube increase with fre­
quency. 

To minimize these effects, several 
of the penta grid-converter tubes are de­
signed so that no electrode functions 
alone as the oscillator anode. In these 
tubes, grid No. I functions as the oscil­
lator grid, and grid No.2 is connected 
within the tube to the screen grid (grid 
No.4). The combined two grids, Nos. 2 
and 4, shield the signal grid (grid No.3) 
and act as the composite anode of the 
oscillator triode. Grid No. 5 acts as the 
suppressor grid. 

Converter tubes of this type are de­
signed so that the space charge around 
the cathode is unaffected by electrons 
from the signal grid. Furthermore, the 
electrostatic field of the signal grid also 
has little effect on the space charge. The 
result is that rf voltage on the signal 
grid produces little effect on the cath­
ode current. There is, therefore, little 
detuning of the oscillator by avc bias 
because changes in avc bias produce 
little change in oscillator transconduct" 
ance or in the input capacitance of grid 
No.1.· 

Examples of the pentagrid conver­
ters discussed in the preceding para­
graph are the single-ended types IR5 
and 6BE6. A schematic diagram illus­
trating the use of the 6BE6 with self­
excitation is given in Fig. 107. The 
6BE6 may also be used with separate 
excitation. A complete circuit is shown 
in the Circuits section. 

Another method of frequency con­
version utilizes a separate oscillator hav­
ing its grid connected to the No. 1 grid 
of a mixer hexode. The cathode, triode 
grid, and triode plate form the oscillator 
unit of the tube. The cathode, hexode 
mixer grid (grid No.1), hexode screen 
grids (grids Nos. 2 and 4), hexode signal 
grid (grid No.3), and hexode plate con­
stitute the mixer unit. The internal 
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shields are connected to the shell of the 
tube and act as a suppressor grid for the 
hexode unit. 

TYPE 6BE6 

GRIDSN22&4 
(SCREEN) 

Fig. l07-Frequency-converter circuit using 
the 6BE6 pentagrid converter with sel/­

eXf:itation. 

The action of this tube in convert­
ing a radio-frequency signal to an inter­
mediate frequency depends on (1) the 
generation of a local frequency by the 
triode unit, (2) the transferring of this 
frequency to the hexode grid No.1, and 
(3) the mixing in the hexode unit of this 
frequency with that of the rf signal ap­
plied to the hexode grid No.3. The tube 
is not critical to changes in oscillator­
plate voltage or signal-grid bias and, 
therefore, finds important use in all­
wave receivers to minimize frequency­
shift effects at the higher frequencies. 

A further method of frequency con­
version employs a tube called a penta­
grid mixer. This type has two independ­
ent control grids and is used with a 
separate oscillator tube. RF signal volt­
age is applied to one of the control grids 
and oscillator voltage is applied to the 
other. It follows, therefore, that the 
variations in plate current are due to 
the combination of the oscillator and 
signal frequencies. 

The tube contains a heater-cathode, 
five grids, and a plate. Grids Nos. 1 and 
3 are control grids. The rf signal volt­
age is applied to grid No. 1. This grid 
has a remote-cutoff characteristic and is 
suited for control by avc bias voltage. 
The oscillator voltage is applied to grid 
No.3. This grid has a sharp-cutoff char­
acteristic and produces a comparatively 
large effect on plate current for a small 
amount of oscillator voltage. Grids Nos. 
2 and 4 are connected together within 
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the tube. They accelerate the electron 
stream and shield grid No. 3 electro­
statically from the other electrodes. 
Grid No.5, connected within the tube 
to the cathode, functions similarly to 
the suppressor grid in a pentode. 

In the converter or mixer stage of 
a television receiver, stable oscillator 
operation is most readily obtained when 
separate tubes or tube sections are used 
for the oscillator and mixer functions. 
A typical television mixer-oscillator cir­
cuit is shown in Fig. 108. In such cir­
cuits, the oscillator voltage is applied to 
the mixer grid by inductive coupling, ca­
pacitive coupling, or a combination of 
the two. Tubes containing electrically 
independent oscillator and mixer units 
in the same envelope, such as the 6U8A 
and 6X8, are designed especially for 
this application. 

RflNPUT 

OSC.IL~ATOR TUBE 

"::" TUBE 

Fig. I08-Typical television mixer-oscillator 
circuit. 

Tuning Indication With 
Electron-Ray Tubes 

Electron-ray tubes are designed to 
indicate visually by means of a fluores­
cent target the effects of a change in 
controlling voltage. One application of 
them is as tuning indicators in radio 
receivers. Types such as the 6U5, 6E5, 
and the 6AB5/6N5 contain two main 
parts: (1) a triode which operates as a 
dc amplifier and (2) an electron-ray in­
dicator which is located in the bulb as 
shown in Fig. 109. The target is oper­
ated at a positive voltage and, therefore, 
attracts electrons from the cathode. 
When the electrons strike the target they 
produce a glow on the fluorescent coat­
ing of the target. Under these condi­
tions, the target appears as a ring of 
light. 

A ray-control electrode is mounted 
between the cathode and target. When 
the potential of this electrode is less 
positive than the target, electrons flow-
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ing to the target are repelled by the 
electrostatic field of the electrode, and 
do not reach that portion of the target 
behind the electrode. Because the target 
does not glow where it is shielded from 
electrons, the control electrode casts a 

CATHODE: 
LIGHT 

SHIELD 

Fig. I09-Structure of electron-ray tube. 

shadow on the glowing target. The ex­
tent of this shadow varies from approxi­
mately tOO degrees of the target when 
the control electrode is much more nega­
tive than the target to 0 degrees when 
the control electrode is at approximately 
the same potential as the target. 

In the application of the electron­
ray tube, the potential of the control 
electrode is determined by the voltage 
on the grid of the triode section, as can 
be seen in Fig. ItO. The flow of the 
triode plate current through resistor R 
produces a voltage drop which de-

B+ 
Fig. llO-indicating circuit using an 

electron-ray tube. 

termines the potential of the control 
electrode. When the voltage of the triode 
grid changes in the positive direction, 
plate current increases, the potential of 
the control electrode goes down because 
of the increased drop across R, and the 
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shadow angle widens. When the poten­
tial of the triode grid changes in the 
negative direction, the shadow angle 
narrows. 

Another type of indicator tube is 
the 6AF6G. This tube contains only an 
indicator unit but employs two ray-con­
trol electrodes mounted on opposite 
sides of the cathode and connected to 
individual base pins. It employs an ex­
ternal dc amplifier. (See Fig. 111.) 
Thus, two symmetrically opposite 
shadow angles may be obtained by con­
necting the two ray-control electrodes 
together; or, two unlike patterns may 
be obtained by individual connection of 
each ray-control electrode to its re­
spective amplifier. 

In radio receivers, avc voltage is 
applied to the grid of the dc amplifier. 

R: TVPICAL VALUE 15 0.5 MEGOHM 

Fig. Ill-Indicating circuit using 6AF6G 
electron-ray tube and external dc amplifier. 

Because avc voltage is at maximum 
when the set is tuned to give maximum 
response to a station, the shadow angle 
is at minimum when the receiver is 
tuned to resonance with the desired 
station. 

The choice between electron-ray 
tubes depends on the avc characteristic 
of the receiver. The 6E5 contains a 
sharp-cutoff triode which closes the 
shadow angle on a comparatively low 
value of avc voltage. The 6AB5/6N5 
and 6U5 each have a remote-cutoff tri­
ode which closes the shadow on a larger 
value of avc voltage than the 6E5. The 
6AF6G may be used in conjunction 
with dc amplifier tubes having either 
remote- or sharp-cutoff characteristics. 



Electron Tube 
Installation 

THE installation of electron tubes 
requires care if high-quality per­

formance is to be obtained from the 
associated circuits. Installation sugges­
tions and precautions which are gener­
ally common to all types of tubes are 
covered in this section. Careful observ­
ance of these suggestions will do much 
to help the experimenter and electronic 
technician obtain the full performance 
capabilities of radio tubes and circuits. 
Additional pertinent information is 
given under each tube type and in the 
Circuits section. 

Filament and Heater 
Power Supply 

The design of electron tubes allows 
for some variation in the voltage and 
current supplied to the filament or 
heater, but most satisfactory results are 
obtained from operation at the rated 
values. When the voltage is low, the 
temperature of the cathode is below 
normal, with the result that electron 
emission is limited. The limited emis­
sion may cause unsatisfactory operation 
and reduced tube life. On the other 
hand, high cathode voltage may cause 
rapid evaporation of cathode material 
and shorten tube life. 

To insure proper tube operation, it 
is important that the filament or heater 
voltage be checked at the socket termi­
nals by means of a high-resistance volt­
meter while the equipment is in opera­
tion. In the case of series operation of 
heaters or filaments, correct adjustment 
can be checked by means of an ammeter 
in the heater or filament circuit. 

The filament or heater voltage sup-

ply may be a direct-current source (a 
battery or a de power line) or an alter­
nating-current power line, depending on 
the type of service and type of tube. 
Frequently, a resistor (either variable 
or fixed) is used with a de supply to per­
mit compensation for battery voltage 
variations or to adjust the tube voltage' 
at the socket terminals to the correct 
value. Ordinarily, a step-down trans­
former is used with an ac supply to pro­
vide the proper filament or heater volt­
age. Receivers intended for operation on 
both de and ac power lines have the 
heaters connected in series with a suit­
able resistor and supplied directly from 
the power line. 

nc filament or heater operation 
should be considered on the basis of the 
sonrce of power. In the case of the bat­
tery supply for the 1.4-volt filament 
tubes, it is unnecessary to use a voltage­
dropping resistor in series with the fila­
ment and a single dry-cell; the filaments 
of these tubes are designed to operate 
satisfactorily over the range of voltage 
variations that normally occur during 
the life of a dry-cell. Likewise, no series 
resistor is required when the 1.25-volt 
filament subminiatures are operated 
from a single 1.5-voIt flashlight-type 
dry-cell, when the 2-volt filament-type 
tubes are operated from a single storage 
cell, or when the 6.3-volt series are 
operated from a 6-volt storage battery. 

In the cas(. of dry-battery supply 
for 2-volt filament tubes, a variable re­
sistor in series with the filament and 
the battery is required to compensate 
for battery variations. Turning the set 
on and off by means of the rheostat is 
advised to prevent over-voltage condi­
tions after an off-period because the 
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voltage of dry-cells rises during off 
periods. 

In the case of storage-battery sup­
ply, air-cell-battery supply, or dc power 
supply, a non-adjustable resistor of suit­
able value may be used. It is well to 
check initial operating conditions, and 
thus the resistor value, by means of a 
voltmeter or ammeter. 

AC filament or beater operation 
should be considered on the basis of 
either a parallel or a series arrange­
ment of filaments and/or heaters. In the 
case of the parallel arrangements, a 
step-down transformer is employed. Pre­
cautions should be taken to see that the 
line voltage is the same as that for 
which the primary of the transformer is 
designed. The line voltage may be de­
termined by measurement with an ac 
voltmeter (0-150 volts). 

If the line voltage measures in ex­
cess of that for which the transformer is 
designed, a resistor should be placed in 
series with the primary to reduce the 
line voltage to the rated value of the 
transformer primary. Unless this is 
done, the excess input voltage will cause 
proportionally excessive voltage to be 
applied to the tubes. Any electron tube 
may be damaged or made inoperative 
by excessive operating voltages. 

If the line voltage is consistently 
below that for which the primary of the 
transformer is designed, it may be 
necessary to install a booster trans­
former between the ac outlet and the 
transformer primary. Before such a 
transformer is installed, the ac line fluc­
tuations should be very carefully noted. 
Some radio sets are equipped with a 
line-voltage switch which permits ad­
justment of the power transformer pri­
mary to the line voltage. When this 
switch is properly adjusted, the series­
resistor or booster-transformer method 
of controlling line voltage is seldom re­
quired. 

In the case of the series arrange­
ments of filaments and! or heaters, a 
voltage-dropping resistance in series 
with the heaters and the supply line is 
usually required. This resistance should 
be of such value that, for normal line 
voltage, tubes wi! operate at their rated 
heater or filament current. The method 

for calculating the resistor value is 
given below. 

When the filaments of battery-type 
tubes are connected in series, the total 
filament current is the sum of the cur­
rent due to the filament supply and the 
plate and grid-No.2 currents (cathode 
current) returning to B( -) through the 
tube filaments. Consequently, in a series 
filament string it is necessary to add 
shunt resistors across each filament sec­
tion to bypass this cathode current in 
order to maintain the filament voltage 
at its rated value. 

The filament or heater resistor 
required when filaments and! or heaters 
are operated in parallel can be deter­
mined easily by a simple formula de­
rived from Ohm's law. 

Required resistance (ohms) = 
supply volts - rated volts of tube type 
total rated filament current (amperes) 

Thus, if a receiver using two IT4's, one 
IRS, one IUS, and one 3V4 is to be 
operated from a storage battery, the 
series resistor is equal to 2 volts (the 
voltage from a single storage ceIl) minus 
1.4 volts (voltage rating for these tubes) 
divided by 0.3 ampere (the sum of 
4 X 0.05 ampere + 1 X 0.1 ampere), 
i.e., approximately 2 ohms. Because this 
resistor should be variable to allow ad­
justment for battery depreciation, it is 
advisable to obtain the next larger com­
mercial size, although any value be­
tween 2 and 3 ohms will be quite satis­
factory. 

Where much power is dissipated in 
the resistor, the wattage rating should 
be sufficiently large to prevent over­
heating. The power dissipation in watts 
is equal to the voltage drop in the resis­
tor multiplied by the total filament cur­
rent in amperes. Thus, for the example 
above, 0.6 X 0.3 = 0.18 watt. In this 
case, the value is so small that any com­
mercial rheostat with suitable resistance 
will be adequate. 

For the case where the heaters 
and/or filaments of several tubes are 
operated in series, the resistor value is 
l:alculated by the following formula, 
also derived from Ohm's law. 
Required resistance (ohms) = 

supply volts - total rated volts of tubes 
rated amperes of tubes 
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Thus, if a receiver having one 6BE6, 
one 6BA6, one 6AT6, one 25L6GT, and 
one 25Z6GT is to be operated from a 
117-volt power line, the series resistor 
is equal to 117 volts (the supply voltage) 
minus 68.9 volts (the sum of 3 X 6.3 
volts + 2 X 25 volts) divided by 0.3 
ampere (current rating of these tubes), 
i.e., approximately 160 ohms. The wat­
tage dissipation in the resistor will be 
117 volts minus 68.9 volts times 0.3 
ampere, or approximately 14.4 watts. A 
resistor having a wattage rating in ex­
cess of this value should be chosen. 

When the series-heater connection 
is used in ac/ dc receivers, it is usually 
advisable to arrange the heaters in the 
circuit so that the tubes most sensitive 
to hum disturbances are at or near the 
ground potential of the circuit. This ar­
rangement reduces the amount of ac 
voltage between the heaters and cath­
odes of these tubes and minimizes the 
hum output of the receiver. The order 
of heater connection, by tube function, 
from chassis to the rectifier-cathode side 
of the ac line is shown in Fig. 112. 
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the electron stream by the alternating 
magnetic field surrounding the heater. 
When a large resistor is used between 
heater and cathode (as in series-con­
nected heater strings), or when one side 
of the heater is grounded, even a minute 
pulsating leakage current between heater 
and cathode can develop a small volt­
age across the cathode-circuit imped­
ance and cause objectionable hum. The 
use of a large cathode bypass capacitor 
is recommended to minimize this source 
of hum. 

Much lower hum levels can be 
achieved when heaters are connected in 
parallel systems in which the center-tap 
of the heater supply is grounded or, 
preferably, connected to a positive bias 
source of 15 to 80 volts de to reduce the 
flow of alternating current. The heater 
leads of the tubes should be twisted and 
kept away from high-impedance circuits. 
The balanced ac supply provides almost 
complete cancellation of the alternat­
ing-current components. 

The balanced arrangement de­
scribed above also minimizes heater-

117 V. 
AC OR DC 

Fig. 112-0rder of series heater-string connection, by tube function, to millilllize hum. 

Heater-to-Cathode Connection 

When heater-type tubes are oper­
ated from ac, their cathodes may be re­
turned (through resistors, capacitors, or 
other components) to the mid-tap on 
the heater supply winding, to the mid­
tap of a small resistor (about 50 ohms) 
connected across the winding, or to one 
end of the heater supply winding, de­
pending on circuit requirements. In all 
circuits, it is important to keep the 
heater-cathode voltage within the maxi­
mum ratings specified for the tube. 

Heater-type tubes may produce 
hum as a result of conduction between 
heater and cathode or between heater 
and control grid, or by modulation of 

grid hum. High grid-circuit impedances 
should be avoided, if possible. High 
heater voltages should also be avoided 
because heater-cathode hum rises sharply 
when the heater voltage is increased 
above the published value. 

Certain tube types are designed 
especially to minimize hum in high­
quality, high-fidelity audio equipment. 
Examples are the 5879, 7025, and 7199. 

Plate Voltage Supply 

The plate voltage for electron tubes 
is obtained from batteries, rectifiers, 
direct-current power lines, and small 
local generators. The maximum plate­
voltage value for any tube type should 
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not be exceeded if most satisfactory 
performance is to be obtained. Plate 
voltage should not be applied to a tube 
unless the corresponding recommended 
voltage is also supplied to the grid. 

It is recommended that the primary 
circuit of the power transformer be 
fused to protect the rectifier tUbe(s), the 
power transformer, filter capacitor, and 
chokes in case a rectifier tube fails. 

Grid Voltage Supply 

The recommended grid voltages for 
different operating conditions have been 
carefully determined to give the most 
satisfactory performance. Grid voltage 
may be obtained from a fixed source 
such as a separate C-battery or a tap on 
the voltage divider of the high-voltage 
de supply, from the voltage drop across 
a resistor in the cathode circuit, or from 
the voltage drop across a resistor in the 
grid circuit. The first method is called 
"fixed bias"; the second is called "cath­
ode bias" or "self bias"; the third is 
called "grid-resistor bias" and is some­
times incorrectly referred to in re­
ceiving-tube practice as "zero-bias 
operation." 

In any case, the object is to make 
the grid negative with respect to the 
cathode by the· specified voltage. When 
a C-battery is used, the negative termi­
nal is connected to the grid return and 
the positive terminal is connected to the 
negative filament socket terminal, or to 
the cathode terminal if the tube is of 
the heater-cathode type. If the filament 
is supplied with alternating current, this 
connection is usually made to the cen­
ter-tap of a low resistance (20 to 50 
ohms) shunted across the filament ter-
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minals. This method reduces hum dis­
turbances caused by the ac supply. If 
bias voltages are obtained from the 
voltage divider of a high-voltage dc 
supply, the grid return is connected to 
a more negative tap than the cathode. 

The cathode-biasing method uti­
lizes the voltage drop produced by the 
cathode current flowing through a re­
sistor connected between the cathode 
and the negative terminal of the B-sup­
ply. (See Fig. 113.) The cathode current 
is, of course, equal to the plate current 
in the case of a triode, or to the sum 
of the plate and grid-No. 2 currents 
in the case of a tetrode, pentode, or 
beam power tube. Because the voltage 
drop along the resistance is increas­
ingly negative with respect to the cath­
ode, the required negative grid-bias 
voltage can be obtained by connecting 
the grid return to the negative end of 
the resistance. 

The value of the resistance for 
cathode-biasing a single tube can be de­
termined from the following formula: 
Resistance (ohms) = 

desired grid-bias voltage X looU 
rated cathode current in milliamperes 

Thus, the resistance required to pro­
duce 9 volts bias for a triode which 
operates at 3 milliamperes plate current 
is 9 X 1000/3 = 3000 ohms. If the 
cathode current of more than one tube 
passes through the resistor, or if the 
tube or tubes employ more than three 
electrodes, the total current determines 
the size of the resistor. 

Bypassing of the cathode-bias re­
sistor depends on circuit-design require­
ments. In rf circuits the cathode resistor 
usually is bypassed. In af circuits the 
use of an unbypassed resistor will re-

I- l- I-
'" '" '" .. .. II. 
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R= GRID-BIASING RESISTOR T=FILAMENT TRANSFORMER C = BYPASS CAPACITOR 

Fig. 113-Typical grid-voltage supply circuits. 
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duce distortion by introducing degene­
ration into the circuit. However, the 
use of an unbypassed resistor decreases 
gain and power sensitivity. When by­
passing is used, it is important that the 
bypass capacitor be sufficiently large to 
have negligible reactance at the lowest 
frequency to be amplified. 

In the case of power-output tubes 
having high transconductance, such as 
beam power tubes, it may be necessary 
to shunt the bias resistor with a small 
mica capacitor (approximately O.OOluF) 
in order to prevent oscillations. The 
usual af bypass mayor may not be 
used, depending on whether or not 
degeneration is desired. In tubes having 
high values of transconductance, such 
as the 6BA6, 6CB6, and 6AC7, input 
capacitance and input conductance 
change appreciably with plate current. 
When such a tube having a separate 
suppressor-grid connection is used as an 
rf amplifier, these changes may be mini­
mized by leaving a certain portion of 
the cathode-bias resistor unbypassed. In 
order to minimize feedback when this 
method is used, the external grid-No. I­
to-plate (wiring) capacitances should be 
kept to a minimum, the grid No. 2 
should be bypassed to ac ground, and 
the grid No.3 should be connected to 
ac ground. 

The use of a cathode resistor to 
obtain bias voltage is not recommended 
for amplifiers in which there is appre­
ciable shift of electrode currents with 
the application of a signal. In such 
amplifiers, a separate fixed supply is 
recommended. 

The grid.resistor biasing method 
is also a self-bias method because it 
utilizes the voltage drop across the grid 
resistor produced by small amounts of 
grid current flowing in the grid-cathode 
circuit. This current is due to (1) an 
electromotive potential difference be­
tween the materials comprising the grid 
and cathode and (2) grid rectification 
when the grid is driven positive. A large 
value of resistance is required in order 
to limit this current to a very small 
value and to avoid undesirable loading 
effects on the preceding stage. 

Examples of this method of bias 
are given in the Circuits section. In 
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these circuits, the audio amplifier type 
1 U5 or 12AV6 has a 10-megohm resistor 
between the grid and the negative fila­
ment or cathode to furnish the required 
bias, which is usually less than 1 volt. 
This method of biasing is used prin­
cipally in the early voltage-amplifier 
stages (usually employing high-mu 
triodes) of audio amplifier circuits, 
where the tube dissipation will not be 
excessive under zero-signal conditions. 

A grid resistor is also used in many 
oscillator circuits for obtaining the re­
quired bias. In these circuits, the grid 
voltage is relatively constant and its 
magnitude is usually in the order of 5 
volts or more. Consequently, the bias 
voltage is obtained only through grid 
rectification. A relatively low value 
of resistor, 0.1 megohm or less, is 
used. Oscillator circuits employing this 
method of bias are given in the Circuits 
section. 

Grid-bias variation for the rf and 
if amplifier stages is a convenient and 
frequently used method for controlling 
receiver volume. The variable voltage 
supplied to the grid may be obtained: 
(1) from a variable cathode resistor as 
shown in Figs. 114 and 115; (2) from a 
bleeder circuit by means of a poten­
tiometer as shown in Fig. 116; or (3) 
from a bleeder circuit in which the 
bleeder current is varied by a tube 

B- A-+ D+ 

Fig. 114-Amplifier stage using a variable 
cathode-bias resistor for volume control. 

used for automatic volume control. 
The latter circuit is shown in Fig 61. 

In all cases it is important that 
the control be arranged so that at no 
time will the bias be less than the 
recommended minimum grid-bias volt­
age for the particular tubes used. This 
requirement can be met by providing 
a fixed s)op on the potentiometer, by 
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connecting a fixed resistance in series 
with the variable resistance, or by con­
necting a fixed cathode resistance in 
series with the variable resistance used 
for regulation. Where receiver gain is 

... .. 
Fig. 115-Amplifier stage similar to Fig. 

114 but using heater-cathode-type tube. 

controlled by grid-bias variation, it is 
advisable to have the control voltages 
extend over a wide range in order to 
minimize cross-modulation and modula­
tion-distortion. A remote-cutoff type of 
tube should, therefore, be used in the 
controlled stages. 

Fig. 116-Amplifier stage using a bleeder 
circuit and potentiometer for volume 

control. 

In most tubes employing a unipo­
tential cathode, a positive grid current 
begins to flow when the grid is slightly 
negative and increases rapidly as the 
grid is made more positive, as shown 
in Fig. 117. The value of grid voltage 
at which the grid-current curve inter­
cepts the horizontal axis is determined 
by several different physical processes, 
including an electrothermal effect due 
to the differences in temperature and 
in material composition of the grid 
and the cathode, and by the positive 
grid current. For values of grid poten­
tials which are larger than this inter­
cept, the direction of the grid current 
is positive (i.e., from the grid to the 
cathode). At smaller values of grid po­
tential, the direction of the grid current 
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is negative (i.e., from the cathode to the 
grid). 

Positive grid current consists of 
electrons emitted from the cathode 
which are intercepted by the control 
grid. Negative grid current, which be­
comes appreciable only when the grid 
potential is more negative than the 
value of the intercept, is a result of 
the emission of electrons from the 
heated control grid to the cathode, the 
effect of gas molecules in the tube, 
and the influence of leakage currents 
between the grid and cathode and the 
grid and the plate. 

The value of grid potential at the 
intercept of the grid-current curve on 
the horizontal axis (often mistakenly 
called contact potential) may be as high 
as 1 ~ volts. If the operating bias of the 
tube is less than this intercept, it is 
found that two effects are present. 
Direct current flows in the grid circuit, 
and the dynamic input resistance of the 
tube may be relatively low. It is gen-. 
erally desirable to supply the tube with 
a value of bias sufficiently high so that 
the operating point of the tube is not 
near the value of this intercept. If the 
value of the operating bias is near the 
value of the intercept, care should be 
taken to avoid undesirable effects in 
.the grid circuit due to grid current or 
low input resistance. 

.CP.ID VOLTS t 

Fig. 117-Curves showing flow of positive 
grid current in tubes employing unipotential 

cathodes. 

Screen-Grid. Voltage Supply 

The positive voltage for the screen 
grid (grid No.2) of screen-grid tubes 
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may be obtained from a tap on a volt­
age divider, from a potentiometer, or 
from a series resistor connected to a 
high-voltage source, depending on the 
particular tube type and its application. 
The screen-grid voltage for tetrodes 
should be obtained from a voltage 
divider or a potentiometer rather than 
through a series resistor from a high­
voltage source because of the character­
istic screen-grid current variations of 
tetrodes. Fig. 118 shows a tetrode with 
its screen-grid voltage obtained from a 
potentiometer. 

When pentodes or beam power 
tubes are operated under conditions 
where a large shift of plate and screen­
grid currents does not take place with 
the application of the signal, the screen­
grid voltage may be obtained through 
a series resistor from a high-voltage 

Fig. 118-Tetrode circuit in which screen­
grid voltage is obtained from a 

potentiometer. 

source. This method of supply is pos­
sible because of the high uniformity 
of the screen-grid current characteristic 
in pentodes and beam power tubes. 
Because the screen-grid voltage rises 
with increase in bias and resulting de­
crease in screen-grid current, the cutoff 
characteristic of a pentode is extended 
by this method of supply. 

This method is sometimes used to 
increase the range of signals which can 
be handled by a pentode. When used 
in resistance-coupled amplifier circuits 
employing pentodes in combination 
with the cathode-biasing method, it 
minimizes the need for circuit adjust­
ments. Fig. 119 shows a pentode with 
its screen-grid voltage supplied through 
a series resistor. 

When power pentodes and beam 
power tubes are operated under condi­
tions such that there is a large change 

in plate and screen-grid currents with 
the application of signal, the series­
resistor method of obtaining screen-grid 
voltage should not be used. A change 
in screen-grid current appears as a 

s+ 
Fig. 119-Pentode circuit in which screen­
grid voltage is supplied through a series 

resistor. 

change in the voltage drop across the 
series resistor in the screen-grid circuit; 
the result is a change in the power 
output and an increase in distortion. 
The screen-grid voltage should be ob­
tained from a point in the plate-voltage­
supply filter system having the correct 
voltage, or from a separate source. 

It is important to note that the 
plate voltage of tetrodes, pentodes, and 
beam power tubes should be applied 
before or simultaneously with the 
screen-grid voltage. Otherwise, with 
voltage on the screen grid only, the 
screen. grid current may rise high 
enough to cause excessive screen-grid 
dissipation. 

Screen-grid voltage variation for 
the rf amplifier stages has sometimes 
been used for volume control in older­
type receivers. Reduced screen-grid volt­
age decreases the transconductance of 
the tube and results in reduced gain 
per stage. The voltage variation is ob­
tained by means of a potentiometer 
shunted across the screen-grid voltage 
supply. (See Fig. 118.) When the screen­
grid voltage is varied, it must never 
exceed the rating of the tube. This 
requirement can be met by providing 
8_ fixed stop on the potentiometer. 

Shielding 

In high-frequency stages having 
high gain, the output circuit of each 
stage must be shielded from the input 
circuit of that stage. Each high-fre-
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quency stage also must be shielded 
from the other high-frequency stages. 
Unless shielding is employed, undesired 
feedback may occur and may produce 
many harmful effects on receiver per­
formance. 

To prevent this feedback, it is a 
desirable practice to shield separately 
each unit of the high-frequency stages. 
For instance, in a superheterodyne re­
ceiver, each if and rf coil may be 
mounted in a separate shield can. 
Baffle plates may be mounted on the 
ganged tuning capacitor to shield each 
section of the capacitor from the other 
section. The oscillator coil may be es­
pecially well shielded by being mounted 
under the chassis. 

The shielding precautions required 
in a receiver depend on the design of 
the receiver and the layout of the parts. 
In all receivers having high-gain high­
frequency stages, it is necessary to 
shield separately each tube in high­
frequency stages. When metal tubes, 
and in particular the single-ended types, 
are used, complete shielding of each 
tube is provided by the metal shell 
which is grounded through its ground­
ing pin as the socket terminal. The 
grounding connection should be short 
and sturdy. Many modern tubes of glass 
construction have internal shields, us­
ually connected to the cathode; where 
present, these shields are indicated in 
the socket diagram. 

Dress of Circuit Leads 

At high frequencies such as are en­
countered in FM and television re­
ceivers, lead dress, that is, the location 
and arrangement of the leads used for 
connections in the receiver, is very im­
portant. Because even a short lead 
provides a large impedance at high fre­
quencies, it is necessary to keep all 
high-frequency leads as short as pos­
sible. This precaution is especially im­
portant for ground connections and for 
all connections to bypass capacitors 
and high-frequency filter capacitors. 
The ground connections of plate and 
screen-grid bypass capacitors of each 
tube should be kept short and made 
directly to cathode ground. 
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Particular care should be taken 
with the lead dress of the input and 
output circuits of high-frequency stages 
so that the possibility of stray coupling 
is minimized. Unshielded leads con­
nected to shielded components should 
be dressed close to the chassis. As the 
frequency increases, the need for care­
ful lead dress becomes increasingly 
important. 

In high-gain audio amplifiers, these 
same precautions should be taken to 
minimize the possibility of self-oscilla­
tion. 

Filters 

Feedback effects also are caused in 
radio or television receivers by coupling 
between stages through common volt­
age-supply circuits. Filters find an im­
portant use in minimizing such effects. 
They should be placed in voltage-supply 
leads to each tube in order to return 
the signal current through a low-im­
pedance path direct to the tube cathode 
rather than by way of the voltage­
supply circuit. Fig. 120 illustrates several 
forms of filter circuits. Capacitor C 
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II = RESISTOR C = BYPASS CAPACITOR 
L=A r OR R r CHOKE 

Fig. 12O-Typical filter circuits. 

forms the low-impedance path, while 
the choke or resistor assists in diverting 
the signal through the capacitor by 
offering a high impedance to the power­
supply circuit. 

The choice between a resistor and 
a choke depends chiefly upon the per­
missible dc voltage drop through the 
filter. In circuits where the current is 
small (a few milliamperes), resistors are 
practical; where the current is large or 
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regulation important, chokes are more 
suitable. 

The minimum practical size of the 
capacitors may be estimated in most 
cases by the following rule: The imped­
ance of the capacitor at the lowest fre­
quency amplified should not be more 
than one-fifth of the impedance of the 
filter choke or resistor at that frequency. 
Better results will be obtained in special 
cases if the ratio is not more than one­
tenth. 

Radio-frequency circuits, particu­
larly at high frequencies, require high­
quality capacitors. Mica or ceramic ca­
pacitors are preferable. Where stage 
shields are employed, filters should be 
placed within the shield. 

Another important application of 
filters is to smooth the output of a 
rectifier tube. (See Rectification.) A 
smoothing filter usually consists of ca­
pacitors and iron-core chokes. In any 
filter-design problem, the load imped­
ance must be considered as an integral 
part of the filter because the load is 
an important factor in filter perform­
ance. Smoothing effect is obtained from 
the chokes because they are in series 
with the load and offer a high imped­
ance to the ripple voltage. Smoothing 
effect is obtained from the capacitors 
because they are in parallel with the 
load and store energy on the voltage 
peaks; this energy is released on the 
voltage dips and serves to maintain 
the voltage at the load substantially 
constant. Smoothing filters are clas­
sified as choke-input or capacitor-input 
according to whether a choke or ca­
pacitor is placed next to the rectifier 
tube. (See Fig. 121.) 

The Circuits section gives a num­
ber of examples of rectifier circuits 
with recommended filter constants. 
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If an input capacitor is used, con­
sideration must be given to the instan­
taneous peak value of the ac input volt­
age. This peak value is about 1.4 times 
the rms value as measured by an ac 
voltmeter. Filter capacitors, therefore, 
especially the input capacitor, should 
have a rating high enough to withstand 
the instantaneous peak value if break­
down is to be avoided. When the input­
choke method is used, the available dc 
output voltage will be somewhat lower 
than with the input-capacitor method 
for a given ac plate voltage. However, 
improved regulation together with lower 
peak current will be obtained. 

Mercury-vapor and gas-filled recti­
fier tubes occasionally produce a form 
of local interference in radio receivers 
through direct radiation or through the 
power line. This interference is gen­
erally identified in the receiver as a 
broadly tunable 120-Hz buzz (100 
Hz for 50-Hz supply line, etc.). 
It is usually caused by the formation 
of a steep wave front when plate cur­
rent within the tube begins to flow on 
the positive half of each cycle of the ac 
supply voltage. 

There are several ways of elimi­
nating this type of interference. One is 
to shield the tube. Another is to insert 
an rf choke having an inductance of 
one millihenry or more between each 
plate and transformer winding and to 
connect high-voltage, rf bypass capaci­
tors between the outside ends of the 
transformer winding and the center 
tap. (See Fig. 122.) The rf chokes should 
be placed within the shielding of the 
tube. The rf bypass capacitors should 
have a voltage rating high enough to 
withstand the peak voltage of each half 
of the secondary, which is approxi­
mately 1.4 times the rms value. 
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Fig. 121-TypicaJ smoothing filters for rectifier tubes. 
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Fig. I22-Filter circuit used to eliminate 
interference produced by mercury-vapor or 

gas-filled rectifier tubes. 

Transformers having electrostatic 
shielding between primary and second­
ary are not likely to transmit rf disturb­
ances to the line. Often the interference 
may be eliminated simply by making 
the plate leads of the rectifier extremely 
short. In general, the particular method 
of interference elimination must be se­
lected by experiment for each instal­
lation. 

Output Coupling Devices 

An output-coupling device is used 
in the plate circuit of a power output 
tube to keep the comparatively high dc 
plate current from the winding of an 
electromagnetic speaker and, also, to 
transfer power efficiently from the out­
put stage to a loudspeaker of either the 
electromagnetic or dynamic type. 

Output-coupling devices are of two 
types, (1) choke-capacitor and (2) trans­
former. The choke-capacitor type in­
cludes an iron-core choke having an 
inductance of not less than 10 henries 
which is placed in series with the plate 
and B-supply. The choke offers a very 
low resistance to the dc plate current 
component of the signal voltage but op­
poses the flow of the fluctuating com­
ponent. A bypass capacitor of 2 to 6 
microfarads supplies a path to the 
speaker winding for the signal voltage. 
The choke-coil output coupling device, 
however, is now only of historical 
interest. 

The transformer type is constructed 
with, two separate windings, a primary 
and a secondary wound on an iron core, 
This construction permits designing 
each winding to meet the requirements 
of its position in the circuit. Typical 
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arrangements of each type of coupling 
device are shown in Fig. 123. Examples 
of transformers for push-pull stages are 
shown in several of the circuits given 
in the Circuits section. 
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Fig. 123-Typical output-coupling devices. 

High-Fidelity Systems 

The results achieved from any 
high-fidelity amplifier system depend to 
a large degree upon the skill and care 
with which the system is constructed. 
Improper placement of transformers, 
other components, and wiring, and at­
tempts to achieve excessive compact­
ness, can only result in instability, 
oscillation, hum, and other operating 
difficulties, as well as in damage to 
components by overheating. It is im­
portant, therefore, that construction of 
high-fidelity amplifier systems be under­
taken only by persons who have had 
some experience in the layout, mechan­
ical construction, and wiring of audio 
equipment. 

It is impractical to give specific 
construction data for various amplifiers 
and supplementary units because the 
best arrangement for each unit or com­
bination ,of units will depend on the 
requirements of the user. It is possible, 
however, to list some general consid­
erations which should be observed in 
the construction of any high-fidelity 
amplifier system. 

Any amplifier having two or more 
stages should be constructed with a 
straight-line layout so that maximum 
separation is provided between the 
signal input and output circuits and ter­
minals. Power-supply connections, par­
ticularly those carrying ac, should be 
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isolated as far as possible from signal 
connections, especially from the input 
connection. Signal-carrying conductors, 
even when shielded, should not be 
cabled together with power-supply con­
ductors. Internal wiring for ac-operated 
tube heaters, switches, pilot-light sock­
ets, and other devices, should be twisted 
and placed flat against the chassis. All 
connections to the ground side of the 
circuit in each unit should be made to 
a common bus of heavy wire. This bus 
should be connected to the chassis 
only at the point of minimum signal 
voltage, i.e., at the signal-input terminal 
of the unit. 

All internal wiring that carries sig­
nal voltages should be as short as pos­
sible, and as far as possible above the 
chassis, to minimize losses at the higher 
audio frequencies due to stray shunt 
capacitance. All connections between 
units should be made with shielded 
cable having a capacitance of not more 
than 30 picofarads per foot, such as 
Alpha Type 1249 or 1704, Belden Type 
8401 or 8410, or equivalent cable. 

Because power amplifiers and pow­
er-supply units of high-fidelity systems 
normally dissipate large amounts of 
heat, they should be constructed and 
installed in such a manner as to assure 
adequa:te ventilation for the tubes and 
other components. A beam power tube 
or rectifier tube should be separated 
from any other tube or component on 
the same side of the chassis by at least 
1 ~ tube diameters. 

Power amplifiers and power-supply 
units which are to be installed horizon­
tally (i.e., with the tubes vertical) in 
cabinets or on shelves should be pro­
vided with mounting feet, perforated 
bottom covers, and a number of small 
holes around each tube socket to permit 
relatively cool air to enter from below 
and provide ventilation for the under 
side of the chassis and tubes. 

If a power amplifier, tone-control 
amplifier, and one or more pream­
plifiers are to be constructed on the 
same chassis, the mechanical layout 
should be planned so that the circuits 
operating at the lowest signal levels 
are farthest from the output stage and 
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power supply. Amplifier units which 
normally operate at comparable signal 
levels but are not used simultaneously 
(such as preamplifiers for tape pickup 
heads and magnetic phonograph pick­
ups) may be installed side by side on 
the same chassis without danger of 
interaction. Units which operate si­
multaneously, however (such as the 
channels of a stereophonic system), 
should not be installed side by side 
on the same chassis without careful 
consideration to placement of com­
ponents and wiring, and the possible 
use of shielding to prevent interaction. 

When an amplifier, preamplifier, 
mixer, or other unit requiring heater 
power is located more than five or six 
feet from its power-supply unit, the 
heater-current conductors in the power­
supply cable must be large enough to 
assure that each tube receives its rated 
heater voltage. In cases where very 
large heater currents or very long 
power-supply cables are involved, it 
may be desirable to install a heater­
supply transformer on or near the am­
plifier unit. If such a transformer is 
installed on or near a preamplifier for 
a magnetic-tape pickUp head, a mag­
netic phonograph pickup, or a dynamic 
microphone, the transformer should 
be completely shielded and positioned 
to prevent its field from inducing hum 
in the pickup device. 

High-Voltage Considerations for 
Television Picture Tubes 

Like other high-voltage devices, 
television picture tubes require that cer­
tain precautions be observed to mini­
mize the possibility of failure caused 
by humidity, dust, and corona. 

Humidity Considerations. When 
humidity is high, a' continuous film of 
moisture may form on the glass bulb 
immediately surrounding the anode cav­
ity cap of all-glass picture tubes or 
on the glass part of the envelope of 
metal picture tubes. This film may per­
mit sparking to take place over the 
glass surface to the external conductive 
coating or to the metal shell. Such 
sparking may introduce noise into the 
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receiver. To prevent such a possibility, 
the uncoated bulb surface around the 
cap and the glass part of the envelope 
of metal picture tubes should be kept 
clean and dry. 

Dust Considerations. The accumu­
lation of dust on the uncoated area of 
the bulb around the anode cap of all­
glass picture tubes or on the glass part 
of the envelope or insulating supports 
for metal picture tubes will decrease 
the insulating qualities of these parts. 
The dust usually consists of fibrous 
materials and may contain soluble salts. 
The fibers absorb and retain moisture; 
the soluble salts provide electrical leak­
age paths that increase in conductivity 
as the humidity increases. The resulting 
high leakage currents may overload the 
high-voltage power supply. 

It is recommended, therefore, that 
the uncoated bulb surface of all-glass 
picture tubes and the coated glass sur­
face and insulating supports for metal 
picture tubes be kept clean and free 
from dust or other contamination such 
as finger-prints. The frosted Filterglass 
faceplate of the metal picture tubes 
may be cleaned with a soapless deter­
gent, such as Dreft, then rinsed with 
clean water, and immediately dried. 

Corona Considerations. A high­
voltage system may be subject to co­
rona, especially when the humidity is 
high, unless suitable precautions are 
taken. Corona, which is an electrical 
discharge appearing on the surface of 
a conductor when the voltage gradient 
exceeds the breakdown value of air, 
causes deterioration of organic insulat­
ing materials through. formation of 
ozone, and induces arc-over at points 
and sharp edges. Sharp points or other 
irregularities on any part of the high­
voltage system may increase the pos­
sibility of corona and should be avoided. 

In the metal-shell picture tubes, 
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the metal lip at the maximum diameter 
has rounded edges to prevent corona. 
Adequate spacing between the lip and 
any grounded element in the receiver, 
or between the small end of the metal 
shell and any grounded element, should 
be provided to preclude the possibility' 
of corona. Such spacing should not be 
less than 1 inch of air. Similarly, an 
air space of 1 inch, or equivalent, 
should be provided around the body 
of the metal shell. As a further pre­
caution to prevent corona, the deflect­
ing-yoke surface on the end adjacent 
to the shell should present a smooth 
electrical surface with respect to the 
small end of the metal shell or the 
anode. terminal of all-glass tubes. 

Picture-Tube 
Safety Considerations 

Tube Handling. Breakage of pic­
ture tubes, which contain a high vac­
uum, may result in injury from flying 
glass. Do not strike or scratch the tube 
or subject it to more than moderate 
pressure when installing it in or remov­
ing it from electronic equipment. 

High-Voltage Precautions. In pic­
ture-tube circuits, high voltages may 
appear at normally low-potential points 
in the circuit because of capacitor 
breakdown or incorrect circuit connec­
tions. Therefore, before any part of 
the circuit is touched the power-supply 
switch should be turned off, the power 
plug disconnected, and both terminals 
of any capacitors grounded. 

X·Ray Radiation Precautions. All 
types of picture tubes may be operated 
at voltages (if ratings permit) up to 16 
kilovolts without producing harmful 
x-ray radiation or danger of personal 
injury on prolonged exposure at close 
range. Above 16 kilovolts, special x-ray 
shielding precautions may be necessary. 



Interpretation 

of Tube Data 

THE tube data given in the follow­
ing Technical Data section include 

ratings, typical operation values, char­
acteristics, and characteristic curves. 

The values for grid-bias voltages, 
other electrode voltages, and electrode 
supply voltages are given with refer­
ence to a specified datum point as fol­
lows: For types having filaments heated 
with dc, the negative filament terminal 
is taken as the datum point to which 
other electrode voltages are referred. 
For types having filaments heated with 
ac, the mid-point (i.e., the center tap 
on the filament-transformer secondary, 
or the mid-point on a resistor shunting 
the filament) is taken as the datum 
point. For types having unipotential 
cathodes indirectly heated, the cathode 
is taken as the datum point. 

Ratings are established on electron 
tube types to help equipment designers 
utilize the performance and service ca­
pabilities of each tube type to best 
advantage. Ratings are given for those 
characteristics which careful study and 
experience indicate must be kept within 
certain limits to insure satisfactory per­
formance. 

Three rating systems are in use by 
the electron-tube industry. The oldest 
is known as the Absolute Maximum 
system, the next as the Design Center 
system, and the latest and newest as the 
Design Maximum system. Definitions 
of these systems have been formulated 
by the Joint Electron Device Engineer­
ing Council (JEDEC) and standardized 
by the National Electrical Manufactur­
ers Association (NEMA) and the Elec­
tronic Industries Association (EIA) as 
follows: 

Absolute Maximum ratings are 
limiting values which should not be 
exceeded with any tube of the specified 
type under any condition of operation. 
These ratings are used only in rare 
instances for receiving types, but are 
generally used for transmitting and 
industrial types. 

Design Center ratings are limiting 
values which should not be exceeded 
with a tube of the specified type having 
characteristics equal to the published 
values under normal operating condi­
tions. These ratings, which include al­
lowances for normal variations in both 
tube characteristics and operating con­
ditions, were used for most receiving 
tubes prior to 1957. 

Design Maximum ratings are lim­
iting values which should not be ex­
ceeded with a tube of the specified type 
having characteristics equal to the pub­
lished values under any conditions of 
operation. These ratings include allow­
ances for normal variations in tube 
characteristics, but do not provide for 
variations in operating conditions. De­
sign Maximum ratings were adopted 
for receiving tubes in 1957. 

Electrode voltage and current rat­
ings are in general self-explanatory, but 
a brief explanation of other ratings will 
aid in the understanding and interpre­
tation of tube data. 

Heater warm-up time is defined as 
the time required for the voltage across 
the heater to reach 80 per cent of the 
rated value in the circuit shown in Fig. 
124. The heater is placed in series with a 
resistance having a value 3 times tRe 
nominal heater operating resistance 
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(R = 3 Et lIt), and a voltage having a 
value 4 times the rated heater voltage 
(V = 4 E f ) is then applied. The warm­
up time is determined when E = 0.8 Et • 

SUPPLY VOLTS 
RMS OR DC=4Ef' 

Ef'=RATED HEATER VOLTAGE 
If'=RATED HEATER CURRENT 

Fig. 124-Test circuit for measuring heater 
warm-up time. 

Plate dissipation is the power dissi­
pated in the form of heat by the plate 
as a result of electron bombardment. 
It is the difference between the power 
supplied to the plate of the tube and the 
power delivered by the tube to the load. 

Peak heater-cathode voltage is the 
highest instantaneous value of voltage 
that a tube can safely stand between its 
heater and cathode. This rating is ap­
plied to tubes having a separate cathode 
terminal and used in applications where 
excessive voltage may be introduced be­
tween heater and cathode. 

Maximum dc output current is the 
highest average plate current which can 
be handled continuously by a rectifier 
tube. Its value for any rectifier tube 
type is based on the permissible plate 
dissipation of that type. Under operat­
ing conditions involving a rapidly re­
peating duty cycle (steady load), the 
average plate current may be measured 
with a de meter. 

The nomograph shown in Fig. 125 
can be used to determine tube voltage 
drop or plate current for any diode 
unit when values for a single plate­
voltage, plate-current condition are 
available from the data. It can also be 
used to compare the relative perveance 
(0 = Ibl Eb 312) of several diodes. Perve­
ance can be considered a figure of merit 
for diodes; high-perveance units have 
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lower voltage drop at a fixed current 
level. 

Tube voltage drop or plate current 
for a specific diode unit can be deter­
mined as follows: First, convenient val­
ues are selected for the plate-voltage 
and plate-current scales of the nomo­
graph. The published plate-current and 
plate-voltage values are then located on 
the scales and connected with a straight 
edge. The intersection of the connect­
ing line with the perveance scale is then 
used as a pivot point to determine the 
value of tube voltage drop correspond­
ing to a desired current value, or the 
value of plate current corresponding to 
a desired tube voltage drop. Because 
the pivot point for a specific diode 
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Fig. 125-Diode perveance nomograph. 

unit represents its perveance, the pivot 
points for several units (plotted to the 
same scales) can be used to compare 
their relative perveance. 
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For example, type 5U4GB has a 
tube voltage drop (per plate) of 44 volts 
at a plate current of 225 milliamperes. 
Convenient scales for this type are from 
1 to 100 volts for plate voltage and 
from 10 to 1000 milliamperes for plate 
current. The points 44 volts and 225 
milliamperes are then connected with a 
straight line to determine the pivot 
point. Using this pivot point, it is easy 
to determine such values as a plate 
current of 150 milliamperes at a tube 
voltage drop of 33 volts, or a voltage 
drop of 25 for a current of 100 mil­
liamperes. 

For readings in the order of one 
volt and/or one milliampere, the nomo­
graph is not accurate because of the 
effects of contact potential and initial 
electron velocity. 

Maximum peak plate current is 
the highest instantaneous plate current 
that a tube can safely carry recurrently 
in the direction of normal current flow. 
The safe value of this peak current in 
hot-cathode types of rectifier tubes is a 
function of the electron emission avail­
able and the duration of the pUlsating 
current flow from the rectifier tube in 
each half-cycle. 

The value of peak plate current in 
a given rectifier circuit is largely deter­
mined by filter constants. If a large 
choke is used at the filter input, the 
peak plate current is not much greater 
than the load current; but if a large 
capacitor is used as the filter input, the 
peak current may be many times the 
load current. In order to determine 
accurately the peak plate current in any 
rectifier circuit, measure it with a peak­
indicating meter or use an oscillograph. 

Maximum peak inverse plate volt­
age is the highest instantaneous plate 
voltage which the tube can withstand 
recurrently in the direction opposite to 
that in which it is designed to pass cur­
rent. For mercury-vapor tubes and gas­
filled tubes, it is the safe top value to 
prevent arc-back in the tube operating 
within the specified temperature range. 

Referring to Fig. 126, when plate A 
of a full-wave rectifier tube is positive, 
current flows from A to C, but not from 
B to C. because B is negative. At the 

instant plate A is positive, the filament 
is positive (at high Voltage) with respect 
to plate B. The voltage between the 
positive filament and the negative plate 
B is in inverse relation to that causing 
current flow. The peak value of this 
voltage is limited by the resistance and 
nature of the path between plate Band 
filament. The maximum value of this 
voltage at which there is no danger of 
breakdown of the tube is known as 
maximum peak inverse voltage. 

Fig. 126-8chematic diagram of full-wave 
rectifier tube and circuit connections. 

The relations between peak inverse 
voltage, rms value of ac input voltage, 
and dc output voltage depend largely 
on the individual characteristics of the 
rectifier circuit and the power supply. 
The presence of line surges or any 
other transient, or wave-form distortion, 
may raise the actual peak voltage to a 
value higher than that calculated for 
sine-wave voltages. Therefore, the actual 
inverse voltage, and not the calculated 
value, should be such as not to exceed 
the rated maximum peak inverse volt­
age for the rectifier tube. A calibrated 
cathode-ray oscillograph or a peak­
indicating electronic voltmeter is useful 
in determining the actual peak inverse 
voltage. 

In single-phase, full-wave circuits 
with sine-wave input and with no ca­
pacitor across the output, the peak in­
verse voltage on a rectifier tube is ap­
proximately 1.4 times the rms value of 
the plate voltage applied to the tube. 
In single-phase, half-wave circuits with 
sine-wave input and with capacitor in­
put to the filter, the peak inverse volt­
age may be as high as 2.8 times the 
rms value of the applied plate voltage. 
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In polyphase circuits, mathematical de­
termination of peak inverse voltage re­
quires the use of vectors. 

The Rating Chart for full-wave 
rectifiers presents graphically the rela­
tionships between maximum ac voltage 
input and maximum dc output current 
derived from the fundamental ratings 
for conditions of capacitor-input and 
choke-input filters. This graphical pres­
entation provides for considerable lati­
tude in choice of operating conditions. 

The Operation Characteristics for 
a full-wave rectifier with capacitor-input 
filter show by means of boundary line 
the limiting current and voltage rela­
tionships presented in the Rating Chart. 

The Operation Characteristics for 
a full-wave rectifier with choke-input 
filter not only show by means of bound­
ary line the limiting current and volt­
age relationships presented in the Rating 
Chart, but also give some information 
as to the effect on regulation of various 
sizes of chokes. The solid-line curves 
show the dc voltage outputs which 
would be obtained if the filter chokes 
had infinite inductance. The long-dash 
lines radiating from the zero position 
are boundary lines for various sizes of 
chokes as indicated. The intersection of 
one of these lines with a solid-line 
curve indicates the point on the curve 
at which the choke no longer behaves 
as though it had infinite inductance. 
To the left of the choke boundary line, 
the regulation curves depart from the 
solid-line curves as shown by the rep­
resentative short-dash regulation curves. 

Typical Operation Values. Values 
for typical operation are given for many 
types in the Technical Data section. 
These typical operating values are given 
to show concisely some guiding infor­
mation for the use of each type. These 
values should not be confused with 
ratings, because a tube can be used 
under any suitable conditions within 
its maximum ratings, according to the 
application. 

The power output value for any 
operating condition is an approximate 
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tube output""":that is, plate input minus 
plate loss. Circuit losses must be sub­
tracted from tube output in order to 
determine the useful output. 

Characteristics are covered in the 
Electron Tube Characteristics section 
and such data should be interpreted in 
accordance with the definitions given 
in that section. Characteristic curves 
represent the characteristics of an aver­
age tube. Individual tubes, like any 
manufactured product, may have char­
acteristics that range above or below 
the values given in the characterIstic 
curves. 

Although some curves are extended 
well beyond the maximum ratings of the 
tube, this extension has been made only 
for convenience in calculations. Do 
NOT operate a tube outside of its 
maximum ratings. 

Interelectrode capacitances are di­
rect capacitances measured between 
specified elements or groups of elements 
in electron tubes. Unless otherwise indi­
cated in the data, all capacitances are 
measured with filament or heater cold, 
with no direct voltages present, and with 
no external shields. All electrodes other 
than those between which capacitance 
is being measured are grounded. In 
twin or multi-unit types, inactive units 
are also grounded. 

The capacitance between the input 
electrode and all other electrodes, ex­
cept the output electrode, connected 
together is commonly known as the 
input capacitance. The capacitance 
between the output electrode and all 
other electrodes, except the input elec­
trode, connected together is known as 
the output capacitance. 

Hum and noise characteristics of 
high-fidelity audio amplifier tube types 
such as the 7025 and the 7199 are tested 
in an amplifier circuit such as that 
shown in Fig. 127. The output of the 
test circuit is fed into a low-noise am­
plifier. The bandwidth of this amplifier 
depends on the characteristic being 
measured. If hum alone is being tested, 
a relatively narrow bandwidth is used 
to include both the line frequency and 
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the major harmonics generated by the 
tube under test. In noise or combina­
tion hum-and-noise measurements, the 
bandwidth is defined in the registration 
of the tube type. 

Fig. 127-Test circuit for measuring hum 
and noise characteristics of high-fidelity 

audio-amplifier tubes. 

The amplifier gain is calibrated so 
that the vacuum-tube voltmeter meas­
ures hum and noise in microvolts refer­
enced to the grid of the tube under test. 
A pentode can also be evaluated in 
this manner by the addition of a screen­
grid supply adequately bypassed at the 
tube screen-grid pin connection. Power­
supply ripple at the plate of the tube 
under test must be negligible compared 
to its hum and noise output. Extraor­
dinary shielding of both the test socket 
and the associated operating circuit is 
required to minimize capacitances be­
tween heater leads and high-impedance 
connections. 

The test-circuit components are de­
termined by the tube type being tested 
and the type of hum to be controlled. 
Heater-cathode hum can be eliminated 
from the measurement by closing the 
switch S. The circuit can also be made 
more or less sensitive to heater-grid 
hum by increasing or decreasing the 
grid resistance R.. No circuit changes 
affect the component of magnetic hum 
generated by the tube. 

Grid-No. 2 (Screen-grid) Input is 
the power applied to the grid-No. 2 
electrode and consists essentially of the 
power dissipated in the form of heat 
by grid No. 2 as a result of electron 
bombardment. With tetrodes and pent­
odes, the power dissipated in the screen-
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grid circuit is added to the power in 
the plate circuit to obtain the total 
B-supply input power. 

When the screen-grid voltage is 
supplied through a series voltage-drop­
ping resistor, the maximum screen-grid 
voltage rating may be exceeded, pro­
vided the maximum screen-grid dissipa­
tion rating is not exceeded at any 
signal condition, and the maximum 
screen-grid voltage rating is not ex­
ceeded at the maximum-signal condi­
tion. Provided these conditions are 
fulfilled, the screen-grid supply voltage 
may be as high as, but not above, the 
maximum plate voltage rating. 

For certain voltage amplifier types, 
as listed in the data section, the maxi­
mum permissible screen-grid (grid-No. 
2) input varies with the screen-grid 
voltage, as shown in Fig. 128. (This 
curve cannot be assumed to apply to 
types other than those for which it is 
specified in the data section.) Full rated 
screen-grid input is permissible at 
screen-grid voltages up to 50 per cent 
of the maximum rated screen-grid sup­
ply voltage. From the 50-per-cent point 
to the full rated value of supply volt­
age, the screen-grid input must be de­
creased. The decrease in allowable 
screen-grid input follows a curve of the 
parabolic form. This rating chart is 
useful for applications utilizing either 
a fixed screen-grid voltage or a series 
screen-grid voltage-dropping resistor. 
When a fixed voltage is used, it is 
necessary only to determine that the 
screen-grid input is within the bound­
ary of the operating area on the chart 
at the selected value of screen-grid 
voltage to be used. When a voltage­
dropping resistor is used, the minimum 
value of resistor that will assure tube 
operation within the boundary of the 
curve can be determined from the fol­
lowing relation: 

R = Ee. (Eeell-Ee') ., > P .. 

where Rg• is the minimum value for 
the voltage-dropping resistor in ohms, 
Ee. is the selected screen-grid voltage 
in volts, Ee •• is the screen-grid supply 
voltage in volts, and P.. is the screen­
grid input in watts corresponding to E .... 
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Fig. 128-Grid-No. 2 input rating curve. 
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Application Guide 
for RCA Receiving Tubes 

In the Application Guide on the 
following pages, RCA receiving tubes 
are classified in two ways: (a) by func­
tion, and (b) by structure (diode, triode, 
etc.). The functional classification covers 
42 principal types of application, as 
listed below. 

Tube types are grouped by struc­
ture under each classification; they are 
also keyed to indicate miniature, octal, 
nuvistor, duodecar, and novar types. 

Triodes are designated as low, 
medium-, or high-mu types on the fol­
lowing basis: low, less than 10; medium, 
10 or more, but less than 50; high, 50 

or more. Where !'applicable. tubes are 
designated as sharp-, semiremote, or 
remote-cutoff on the basis of the ratio, 
in per cent, of the negative control-grid 
voltage to the screen-grid voltage (or, 
for triodes, the plate voltage) for cut­
off, as given in the characteristics or 
typical operation values. These terms 
are defined as follows: sharp, less than 
10 per cent; semiremote, 10 or more, 
but less than 20 per cent, remote, 20 
per cent or more. 

For more complete data on these 
types, refer to the Technical Data For 
RCA ReceiVing Tubes. 

APPLICATIONS 
1. Andlo-Frequency 14. Detectors 29. Noise Inverters 

AmpHfiers 15. DC Restorers (Noise Immune Circuits) 
2. Automatic. Gain Coutrol 16. Discriminators 30. OsciHators 

(AGC aud A VC) Circnlts 17. Frequency Dividers 31. Pbase Inverters 
3. Bandpass AmpHfiers 18. FM Detectors 32. Pbase Splitters 

(Color TV) 19. Gated Noise, AGC, and 33. Radlo-Frequeucy 
4. Blankers Sync AmpHfiers Amplifiers 

ZOo Grounded-Grid RF 5. Burst Amplifiers 34. Reactance Circuits 
6. Cathode-Drive RF Am- Amplifiers 35. Rectifiers 

pHliers (Grouuded-Grid) 
7. Chroma AmpHfiers 
8. Color Killers 
9. Color Matrixing Circuits 

10. Complex-Wa"e 
Generators 

11. Converters 
12. Dampers 
13. Demodulators (Color TV) 

1. AUDIO-FREQUENCY 
AMPLIFIERS 

21. 
22. 

23. 

24. 
25. 
26. 
27. 
28. 

Voltage Amplifiers 

Medium-Mu Triode with Twin Diode 
·6BF6 

Harmonic Generators 
Horirontal-De8ectiou 36. Regulators 

Circuits 37. SynC Amplifiers 

Intermediate-Frequency 38. Sync Clippers 
Amplifiers 39. Sync Separators 
Keyed AGC AmpHfiers 40. Tuning Indicators 
Limiters 41. Vertical-De8ectlon 
Mixers-RF Circuits (Oscillator and 
Mixer-Osclliators--RF Amplifier) 
Multidbrators 42. Video Amplifiers 

Medinm-Mu Triode--Bharp-Cutolf Peutode 
• 6LQ\I • llLQ8 • 7199t 

Medium-Mu T'wfn Triode 
·5J6 
• 'IliA 
e6SN7GTB 

·7AU7 
.9AU7 
• 17CU5 

e12SN7GTA 
·1916 

• Miniature eOctal t For hlgh-fideHty equlpJDellt 
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Rigb-Mu 
.3AV6 
.4AV6 
.6AT6 
·6AV6 

TrIode wltb Twill Diode 
·6BNS 
'6CN7 
-06SQ7 
.UAT6 

.lZAV6 
el:UiQ7 
• .14GTS 
olSFY6A 

Rigb-Mu Triode wltbTriple Diode 
• STS • 6T8A '. 19T5 

Rigb-Mu Twin 
.6EU7t 
06SL7GT 
• UAX7At 

Triode 
• izAz7A 
• UBZ7 
eUSL7GT 

• ZOEZ7 
.7015t 

Rlgb-Mu Trlode-Sharp-Cutotl Pentode 
·6KTS ' 

8barp-Cutotl Pentode 
• 3DT6A*. 6DT6A* 
• 4DT6A* • 6GX6* 
• 5GX6* .',. 6HZ6* 

• 5879t 
.7S43t 

Remote-Cutotl Pentode with Diode 

• UCR6 

Power Amplifiers 

Beam Power Tube 
.5AOS 
.5CZ5 ,.", 
05V6GT 
:t: 6AD10 
.6AOSA 
• 6AS! 
:1: 6BFll 
.6CM6 
.6CUS 
.6<;ZS "-
06DG6G'f 
.6D85 
J,6GCS 

,e6RG5 
06Ui 
06L6GCt 
06V6 
06V6GTA 
06W6GT 
06Y6G 
• UAB5 
• UAQS 
:t UBFll 
• t:~CA5 
,. UCUS/UC5 
011V6GT . 

0UW6GT 
:j: 17BFtl 
• 17CUS 
• ZSC5 
• Z5FSA 
• 34GD5A 
.35CS 
035L6GT 
.5085 
.SOCS 
0S0L6GT 
.6973t 
o 7408t 

Beam Power Tube-Sharp-Cutotl Pentode 

* 6ALll * 10ALll * lZALll 

Power Pentode .-' 
.6BQS .8BQS 
• 6ERS • lZER5 
06F6 • lZFX5 
• 6GK6 • Z5ER5 
o 6K6GT • 35ER5 

Pentode-Beam Power Tube 

* OlD * 6Z10 

.SOER5 

.60FX5 

.718". 
47868t 

* uno 

2. AUTOMATIC GAIN CONTROL 
CIRCUITS (AGC & AVC) 

Diode-Sharp-Cutotl Peutode 
• 6KLS • 11Kl.S 

Dlode-Remote-CUtotl Pentode 
• 6EQ7 • 12EQ7 
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Twin Diode-RIgh.,Mu TriOde 
.3AV6 .6AV6 
.4AV6 .6SQ7 
.6AT6 • llAT6 

• UAV6 
01ZSQ7 
• 18FY6A 

Me,cIIum-Mu Trlode-Sharp-cutolf Pentode 
• 5ANS. nA8A • 6GRSA 
• SGR8 • 6BR8 • 8BA8A 
• 6ANSA • 6CUS • 8BR8 
.6AZ8 

Righ-Mu Trlode-Sbarp-Cutotl Peutode 
.. 6A. W8A • iIl"8 • 8JV8 
• 6RF8 • SA WSA • 10RF8 

8ha";-Cutolf Twin Pentode 
• 3BUS • 4BU.S 
.3GSS .4R88 
·3R8S 

.6BUS 
·6HS8 

3. BANDPASS AMPLIFIER 
(COLOR TV) 

Medium-Mu TrIode-Sbarp-Cutolf Pentode 

.SGR8A 

.6AWSA 

.6GRSA 

• 6RLS 
.6LFS 

.6KTS 

.8AWSA 

Medium-Mu Trlode-Sbarp-Cutolf Pentode 

• 6AWSA • 6KVS • SAW8A 
.6KTS .6LF8 

4. BLANKERS 

Medium-Mu Trlode-8barp-Cutolf Penlode 
• 5GRSA • 6GH8A 

>' 
Medi~-Mu Twin Triode 

.6FQ7 .6GU7 • UBR7A 

Medium-Mu Triode-8emiremote-Cutolf 
.6LM8 

Righ-Mu Triode-Sharp-Cutolt Pentode 
·6KT8 

S. BURST AMPLIFIERS 

Beam-Deflection Tube 
.OH8 

Mecllnm-Mu Triode-8barp-Cutolf Pentode 
• SEAR • 6EA8 • 6GH8A 
.SGRSA 

Medlnm-Mo Triode-Semlremote-Cutolf 
,Pentode 

·6LMS 

lIigh-Mu Triode with Twin Diodes 
• 6B.NS • 8BN8 

Sharp-Culolf Pentode 
• 3JC6A • 4JC6A 
.4EW6 .5EW6 

.6EW6 

.OC6A 

• Miniature * Duodeear 0 Octal 4 Novar * Dual-control grids t For higb-fidelity equipment 
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6. CATHODE· DRIVE RF AMPLI· 
FlERS (GROUNDED-GRID) 

Medlum-~fu Triode 

• 6BC4 

Medium-Mu 

• 4BC8 
.4BQ7A 
.4BS8 
.4BZ7 

Twin TrIode 
.5BK7A 
• SBQ7A 
.6BC8 
.6BK7A 

Higb-Mu Triode 
A lCW4 .6,o\B4 
,,1DS4 A6CW4 

High-Mu Twin Triode 
• 6DT8 • l1AZ7A 
• l1AT7 

.6BQ7A 
• 6BS8 
·6BZ7 

A6OS4 
A 13CW4 

• I1DT8 

7. CHROMA AMPLIFIERS 

Medium-Mu Trlode-Sharp-Cutoli' Pentode 
• 5GH8A • 6GH8A 

Medium-Mu Triple Triode 

"'MD8 

Medium-Mu Twin Triode 
• 6FQ7/6CQ7 • 6GU7 

8. COLOR KILLERS 
Quadruple Diode 

• 6JU8 • 6JU8A 

.12BH7A 

Medi~m-Mu Triode""':Sharp-Cutolf Pentode 
• SGH8A • 6GH8A 

High-Mu Trlode-Sbarp-Cutoll' Pentode 

• 6KT8 

9. COLOR MATRlXING CIRCUITS 

Medlum-Mu Twin Triode 
• 6CG7 .6GU7 .8FQ7 
.6FQ7 • RCG7 • I1BH7A 

Medium-Mu Triode-Sharp Cufolf Pentode 
• SGH8A • 6GHIA 

Twin Peutode 
• 6LE8 • UlLE8 

Quadruple Diode 

• 6JU8A 

10. COMPLEX-WAVE 
GENERATORS 

• JSLE8 

Higb-Mu Twin Double·Plate Triode 
• I1FQ8 

Sharp-Cutoff Twin·Plate Tetrode-Diode 
·6FA7 
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Sharp-Cutoff Three-Plate Telrode-Diocle 
.6KM8 

Three-Plate Telrode-Medlum-Mu Triode 
·6m8 

11. CONVERTERS 

Medlum-Mu TrIode-Sbarp-Cutoft Pentode 
• 5EA8 • 5X8 • 6KZ8 
• 5GH8 • 6EA8 • 6U8A 
• 5KE8 • 6GH8A • 6X8 
• 5U8 .6KE8 .l!1X8 

High-Mtt Twin Triode 
• 60TS • l1AZ7A 
• l1AT7 

Sbarp-Cutoft Pentode 
.3AU6 .6AU6A 
• 4AU6 • I1AU6 

Peutagrid 
.3BEti 
·6BA7 
·6BE6 

e6SA7 
-11BEti 

12. DAMPERS 

Half-Wave (Diode) 
06AU4GTA "6DW4B 
o 6AX4GTB 06W4GT 
" 6A Y3 0 t:ZAX4GT A 
" 6BA3 ., 12AX4GTB 
" 6BR3 " l1A Y3 
" 6BS3 " I1BS3 
" 6CK3 " l1CK3 
"6CL3 "11CL3 
06CQ4 .,11D4 
., 6DA4 €,17AX4GTA 
o 6DE4 "17A Y3 
06DM4 

• J1DT8 

• IIlGD6A 

£ I1SA7 
.18FX6A 

A 178H3 
"17BS3 
.. J7CK3 
017D4 
o 17DE4 
o 19A1)4 
"228H3 
.,11DE4 
015AX4GTA 
"17AY3 
"17DH3 

13. DEMODULATORS (COLOR TV) 

Medium-Mu Twin Triode 

• I1BH7A 

Medium-Mu TrIode-Sbarp-Cutoff Prlll"de 
• 5GH8A - 6GH8A 

Higb-Mu Twin Triode 
.l1AZ7A 

Sbarp-Cutoft Pelltode 
.3BY6 .6GY6 
·5HZ6 

Penlagrid Ampllfier 
.6BY6 • 6JH8 

• Miniature 0 Octal .. NIJvislor "Novar 



100 

Twin Pentode 
• 6LE8 • 10LE8 

Beam DeOeetion Tube 
0·6JH8 

14. DETECTORS 

Diode-Sharp-Cutolf Pentode 
• SAM8 • 6AM8A 
• SAS8 .6AS8 

Diode-Remote·Cutolf Pentode 

.ISLE8 

• 6CR6 • 12CR6 • 12EQ7 
.6EQ7 

Twin Diode 
·3AU 
·6AU 

06H6 
·12AU 

Twin Diode-Bigh·Mu Triode 
.3AV6 .6CN7 
.4AV6 06SQ1 
.6AT6 .8BN8 
• 6A V6 • lZAT6 
.6BN8 

Triple Diode 
.6OJ7 

Triple Diode-High·Mu Triode 
-5T8 .6T8A 

Quadruple Diode 
• QU8 • 6.JU8A 

SlIarp·Cutolf Pentode 
.3DT6A* .5GX6* 
• 4DT6A* .6DT6A* 

IS. DC RESTORERS 

Diode-Sharp·Cutolf PentOd. 
- 5AM8 • 6AM8A 
.5AS8 

Triple Diode 

• liOJ' 

16. DISCRIMIN.-\TORS 

FM 
Twin Diode 

.3AL5 o 6AL5 

Twin Diode-Bigh·Mu Triode 
• 6BN8 • 14GT8 

Triple Diode-High.~u Triode 
- 5T8 o6TSA 

Beam Tube 
·3BN6 o4BN6 

0UB6 

• 12AV6 
01ZSQ1 
o 14GT8 
o 18FY6A 

o6GxP 
.• 6J1Z641 

0&\S8 

o 12AU 

ol9TS 

o6BN6 

• Miniature t.NuviStor 
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Beam Power Tube-Sh ...... Cutolf Pentode 

* 6ALll * 12ALll * 17BFll 
:j: 6BFll :j: 12BFll 

Pentode-Beam Power Tube 
:j: 6110 :j: 6Z10 :j: 13.JI0 

FM Quadrature·Grid 

Sharp-Cutolf Pentode 
• 3DT6A* • 5GY6* 
.4DT6A* • SHZ6* 
• SGX6* • 6DT6A* 

Beam Tube 
·3BN6 .4BN6 

Horizontal AFe 
Twin Dlode-High·Mu Triode 

.OOX6* 
° 6HZ6* 

.6BN6 

• 6BN8 • 8BNS • 8CN7 
.6CN7 

17. FREQUENCY DIVIDERS 

Bigh.Mu Twin Double·Plnte Triode 

• UFQ8 

18. FM DETECTORS 
(See 14. Discriminators) 

19. GATED NOISE, AGC, AND 
SYNC AMPLIFIERS 

Bigh·Mu Trlode-Sharp-Cutolf Pentode 
• 6KA8 • 8KAS • 8LCiI 
°CiLC8 

Sharp·Cutoif Pentod • 
·OOY6* 

Sharp-Cutolf Twin Pentode 
.3BU8 .4BUS 
• JeSS • 4BS8 

-68U8 
<>6HS8 

.3BS8 

Pentagrld Ampli/ier 
.3BY6 .4CS6 • ClCS6 
.3CS6 .6BY6 

20. GROUNDED·GRID RF 
AMPLIFIERS 
(See S. Cathode-Drive RF 

Amplifiers) 

Zl. HARMONIC GENERATORS 
(See 8. Complex-Wave Generators) 

22. HORIZONTAL-DEFLECTION 
CmCUITS 

Oscillators 
Medlum·Mu Trlode-Sharp-CutoO' Pentode 
° 5GH8A • ClGB8A 

• Novar * Dual-eontrol grids * Duodecar 
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Medium-Mu TwID Triode 
o 6FQ7/6CG7 08CG7 0 lZBH7A 
o 6SN7GTD 0 9AU7 0 lZSN7GTA 
o 7AU7 0 lZAU7A 

Amplifiers 

Beam Power Tube 
o 6AUSGT A 6JG6A 
o 6A VSGA :t: 6JM6A 
o 6BG6GA :t: 6JS6A 
o 6BQ6GTB/ A 6JT6 

6CU6 A6JU6 
o 6CB5A A 6KM6 
o 6CD6GA 0 12AVSGA 
o 6DQS 0 lZBQ6GTD/ 
o 6DQ6B 12CU6 
A 6GJS 0 lZDQ6B 
A 6GTS A 12GTS 
o 6GW6/ 0 12GW6 

6DQ6B A 12JB6 
A 6JB6 A 12JT6 
A 6JE6A 017BQ6GTD 
A 6JF6 0170Q6B 
A 6JG6 A 17GJS 

.l17GJSA 
A 17GTS 
017GW6/ 
J7GW6B 
A 17JB6 
A 17JG6 
:t: 17JM6A 
A 17JT6 
A22JF6 
A 22JG6 
"24JE6A 
02SAVSGA 
02SBQ6GTD/ 

2SCU6 
02SCD6GB 
02SDN6 
:t:JlJS6A 

23. INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

Medium-Mu Triode--Sharp-Cutolf Tetrude 
o SCQ8 0 6CQ8 0 6LQ8 
o SGH8A 0 6GHSA 

Medium-Mu Trlode-Sharp-Cutolf Pentode 
o SANS 06AZ8 06CUS 
o 6AN8A 0 6BH8 

High-Mu Triode-Sharp-Cutolf 
o 6A W8A 0 6KV8 
o 6GN8 0 8AW8A 
o 6HF8 08GN8 
o 6JV8 08JV8 
o 6KT8 

Sharp-Cutoll' Pentode 
o JAU6 04JC6A 
o 3BCS 0 4JD6. 
o 3CB6 oSEW6 
o 3CF6 06AGS 
o 3DK6 06AKS 
o 3JC6A 0 6AU6A 
o JJD6. 06BCS 
o 4AU6 06CB6 
o 4CB6 • 6CB6A 
o 4DE6 0 6CF'6 
o 4DK6 06DC6 
o 4EW6 06DE6 

Pentode 
.10GN8 
o 10HF8 
o lO.JA8 
o llKV8 

06DK6 
o 6EJ7 
o 6EW6 
o 6HS6 
o 6JC6A 
·6JD6· 
o 12AU6 
o 12AW6 
o 12DK6 
o 18GD6A 
o 19H56 

Bharp-Cutolf Pentode' with Diode 
o SAM8 0 6AMSA 0 6KL8 
o SAS8 0 6AS8 0 UKLS 

o Miniature 0 oetiil 
• Duai-~ntrot grI'" * Duodeqr 

Semiremote-Cutolf . Pentode 
o JBZ6 .4KT6 
o JEH7 oSGM6 
o JKT6 06BZ6 
.4BZ6 06EH7 
04EH7 06GM6 
o 4GM6 

Remote-cutolf Pentode 

·6HR6 
.6JH6 
o 6KT6 
o 12BZ6 
o 19HR6 
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o JBA6 0 12BA6 o 18FW6A 
o 6BA6 0 18FW6 

Remote-Cutolf Pentode with Diode 
• 6EQ7 • 12EQ7 

24. KEYED AGC AMPLIFIERS 
(See 17. Gated Noise, AGC, and 

Sync Amplifiers) 

25. LIMITERS 

Beam Tube 
o JBN6 o 4BN6 

Sharp-Cutolf Pentode 
o JAU6 • 6AU6A 
.4AU6 ·6GX6 
.SGX6 06HS6 

o 6BN6 

o 6HZ6 
.12AU6 
• 19H56 

Sharp-Cutolf Pentode with Diode 
o 6KL8 • 12KL8 

Power Pentode-Beam. Power Tube 
:t: 6.JlO :j: 6Z10 :j:lJJ10 

26. M1XERS-RF 

Medium-Mu Twin Triode 
o SJ6 06J6A 

High-Mu Triode , 
A2CW4 A6CW4 AIJCW4 
·6AB4 

27. MIXER-OSCILLATORS-RF 

Medium-Mu Triode--Sharp-Cutolf Tetrode 
• SCL8A • 6CLBA • 19CL8A 
• SCQ8 06CQ8 

Medium-Mu Triode--Sharp-Cutolf Pentode 
o 4KE8 • SUS • 6KE8 
o SA'tS 0 SX8 • 6KZ8 
o SBIV: 0 6AT8A • 6U8A 
• Slll\~i • 6BR8A • 6Z8 
• sera8 0 6CG8A • 9EAS 
• 5EA$,-. 0 6EA8 • 9U8 
• SFGj\1j; 0 6FG7 0 19EA8 
• 5KJtit· • 6HB7 • 19X8 

High-Mu TwiD Triode 
• 6DD!" • 12A 1:,7 o 12DT8 

• Approadles Semiremote-eutolf characteristics; 
used In first"lf amplifier applications 
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28. MULTIVIBRATORS 

Medlum-Mu Trlode-Sharp-Cutolf Pentode 
• !GH8A • 6GH8A 

Medium-Mu Twin Triode 
.6CG7 .8CG7 
o CiGU7 .9AU7 

o CiSN7GTB • IlAU7A 
.7AU7 

Hlgb-Mu Twin Triode 
.UAX7A 

.UBH7A 
0USN7-

GTA 

29. NOISE INVERTERS (NOISE 
IMMUNE CmCUITS) 

Rigb-Mu Triode-Sbarp-Cutoff Pentode 
• 6KA8 • 8KA8 • 8LC8 
• C1LC8 

Sbarp-Cutoff Pentode 

• CiGY6* 

Quadruple Diode 
o6JUSA 

30. OSCn.LATORS 

Radio Frequency~UHF 
Medlum-Mu Triode ' 

• lAF4B • 3AF4A 
A1DV4 .3DZ4 
.lDZ4 .6AF4 

.6AF4A 
ACiDV4 
.6DZ4 

Radio Frequency-VHF 
Medlum-Mu Twin Triode 
.5J6 .6J6A 

Hlgb-Mu Triode 
.6AB4 

Power TrIode 
• 6C4 (Class C) 

3.58-MHz (Color TV) 
Medlum-Mu Trlode-Sbarp-Cutoll' Pentode 

• 5GH8A • CiGR8A • 6KT8 

Low Frequency, Sweep Type 
Medium-Mu Trlode~barp-Cntoll' Pentode 

• 5AN8 • 6BASA • 8A.U8 
• 6ANSA • 6BHS • BBA8B 
• 6AU8A • 6CH8 • 8BH8 
·6AZ8 

Hlgb 'Mu TrIode wltb Twin Diode 
• 6BNS • 8BNI • 8CN7 
.6CN7 

Rigb-Mu Twin Triode 
• 12AX7A 
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31. PHASE INVERTERS 
Medlum-Mu Trlod_Hlgb-Mn Triode 
.UDW7 

Medlum-Mu Twin TrIode 
'.6CG7 
.6GU7 
o CiSN7GTB 
.7AU7 

.8CG7 
·9AU7 
.'UAU7A 

Higb-Mu Trlode-Sharp-Cutolf 
.6AW8A • SAW8A 
.6EB8 .8EB8 
o 6GN8 • BGN8 
·6HF8 

Higb-Mu Twin Triode 
e 6SL7GT 0 lZSL7GT 
olZAX7A 

32. PHASE SPLITTERS 

.11BH7A 
eUSN7-

GTA 

Pentode 
.IOGN8 
.IOHF8 
.lOJA8 

.7025 

Medlum-Mn Trlode-Sharp-Cutoff Tetrode 
o 5CQ8 .6CQ8 

Medlum-Mu Trlode-Sbarp-Cutolf Pentode 
• 5AN8 • 6BA8A • 8BA8A 
• 6AN8 0 6CH8 • 7199 
.6AZ8 .6CU8 

Higb-Mu Triode-Sbarp-Cntolf Pentode 
.6AW8A • SAWSA 

33. RADIO-FREQUENCY 
AMPLIFIERS 

Medlum-Mu Triode 
• ZBN4A • 6BC4 
.3BN4A 

.6BN4A 

Medium-Mu Trlode-Sbarp-Cutoff Tetrode 
.5CQ8 .6CQ8 

Medium-Mu Twin TrIode 
.4BC8 .5BQ7A 
.4BQ7A .5J6 
.4BS8 .6BC8 
o 4BZ7 • 6BK78 
o 5BK7A • 6BQ7A 

·6BS8 
• 68Z7 
.6J6A 
.lZAV7 

Higb-Mu Triode 
.,ZCW4 .3ERS ACiDS4 
.,ZDS4 
.,lEG4 
olER! 
.lFH5 
.ZFOSA 
.1GKS 

.3FHS .6ER! 

.3GK! .6FH5 
• 3HM5/3HA5. 6FQ5A 
.4GK! • CiGK! 
• 6AB4 • 6HM5/6HA5 
A 6CW4 .. 13CW4 

Rigb-Mu Twin TrIode 
; 6DT8 • lZAZ7A ·lZDT8 

• Miniature e Octal ., Nuvistor * Dual-eOntrol grids 
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Power Triode 
• 6C4 (Class C) 

Sbarp-CutoD' Tetrode 
.lCYl' .4CVl' 
.3CVl' .6CVl' 

Sharp-Cutolt 
·3AU6 
·3BCS 
• 3CB6 
• 3CF6 
.4AU6 
• 4CB6 
04DEII 
.6AGl' 

Pentode 
-6AD 
·6AU6A 
.6BC!! 
·6BH6 
·6CB6 
o 6CB6A 
·6CF6 
o mC6 

.6FV6 

·6DE6 
06SH7 
06S17 
• llAU6 
.1lAW6 
0llSH7 
012SJ7 
.1SGD6A 

Sharp-Cutolf Pentode .. ith Diode 
• 6KL8 • llKLS 

Remote-Cutolf Pentode 
.3BA6 .6BJ6 o 12BA6 
• 6BA6 0 6SK7GT • 18FW6A 

Remote-Cutoll' Pentode .. ith Diode 
• 6EQ7 • JlEQ7 

34. REACTANCE CIRCUITS 

Medium-Mu Triode-Sharp-Cutolf Pentode 
• l'AN8 • 6BASA • 6CU8 
• 6AN8A • 6CH8 • RBABA 
·6AZ8 

High-Mu Triode .. itb T .. in Diodes 
• 6CN7 .8CN7 

High-Mu Triode-Sharp-CutoD' Pentode 
• 6AW8A .8AW8A 

35. RECTIFIERS 

Power-Supply Types-Vacuum 
Half-Wave (Diode) 

• 3l'W4 o36AM3B 
03!!Z!!GT 

Full-Wave (Twin Diode) 
03DG4 0!!V3A 
o SAR4/GF34 05VG4 
o !!AS4A 0 !!V4GA 
A.!!BC3 0SXG4 
o !!D14 0 SY3GT 
05U4G 05Z4 
05U4GB 

o 50DC4 

.6CA4 
·6X4 
06X5GT 
·UCA4 
• 12X4 
o15CA4 

High-Voltage Types (For r!-rectifier or 
pulsed low-current applications)­

Vacuum 

Half-Wave (Diode) 
.1BCl 
0IG3GTI 

lB3GT 
01K3/U3 

- Miuiature 

.1Vl 
olXlB 
.1AVl 
olBJl 

o Oetal 

.3Al 
03A3A 
03CA3 

"Novar 
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36. REGULATORS (HIGH VOLT­
AGE, LOW CURRENT) 

Sharp-Cntotf Beam Triode 
o 6BK4A 0 6BK4B 

37. SYNC AMPLIFIERS 
Medium-Mu Triode-Sharp-Cutolf Pentode 

.6AURA .6CX8 .IICXS 
• 6AZ8 .8AU8 

Medium-Mn Twin Triode 
• 6CG7 • 8CG7 • lZAU7A 
• 7AU7 

High-Mu Triode .. ith Twin Diode 
'6CN? .8CN? 

High-Mu Trlode-8harp-Cutolf Pentode 
• 6A W8A • 6JVS • SlV8 
.6HF8 • 8AW8A • lOHF8 

High-Mn Twin Triode 

• UBZ? 

38. SYNC CLIPPERS 
Medium-Mn Triode-Sharp-Cutotf Tetrode 

• 5CQ8 .6CQ8 

Medlum-Mu Triode-Sharp-Cutolf Pentode 
• SAN8 • 6AZ8 • 6CX8 
• 6AN8A • 6CH8 • 8CX8 
• 6AU8A • 6CU8 • 8AU8 

High-Mn Triode-Sharp-Cutolf Pentode 
• 6A W8A • 6HF8 • 8lV8 
• 6EB8 • 6JV8 • JOONS 
• 6GN8 • 8AW8A • IOHFS 
• 6GWSI • 8EBS • IOlA8 

ECLS6 • 8GN8 

High-Mu Twin Triode 

• 12BZ7 

Sharp-Cutolf T,v\n Pentode 
.3BU8 .4BU8 
.3GSS .4HS8 
• 3HS8 

Pentagrid Amplifier 
• 3BY6 .4CS6 
.3CS6 .6BY6 

.6BUS 
o 6HS8 

• liCSIi 

39. SYNC SEPARATORS 
Medium-Mn Triode-Sharp·Cutolf Tetrode 

• SCQ8 .6CQS 
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Medium-Mu Triode-Sbarp·C;utoll .Peiltode 
• SANS 06CUS 0 6LQS 
o SGHSA 0 6CXS 0 SAU8 
• 6ANSA 0 6GHS 0 8CXS 
.6AU8A 0 6HL8 
o 6AZS • 6GHSA 

Medium-Mil Twin Triode 
.6CG7 oSCG7 0.12AU7A 
o 7AU7 

Higb-Mll Triode with Twin Diode 
o lieN7 • SCN7 

High-Mil Triode-Sbarp-Clltoll Pentode 
• 6A W8A • 6KVS • 8KAs 
• 6E88 • 6LCS 0 BLeB 
• 6G.NB • BA WBA 0 lOGNB 
• 6HFB • BEBB 0 10HF8 
• 6JV8 • BGN8 01OJA8 
• 6KA8 • 8JV8 .. l1KV8 
• 6KT8 . 

Higb-Mll Twin Triode 
• 12BZ7 

Sharp-Clltoll 
o JBU8 
·36S8 
o JHS8 

Twin Pentode 
• 4BU8 
.4GS8/4BU8 
o 4HS8 

Pentagrid Amplifier 

• JBY6 • 4CS6 
• JCS6 .6DY6 

,; 6BU8 
·6ilS8 

.6CS6 

40. TUNING INDICATORS 
Indicator with Triode Unit 

6ES 

Twin Indicator Units 
06AF6G 

41. VERTICAL-DEFLECTlO!.'i 
CIRCUI,(S -

Oscillators and Amplifiers (Combined) 
Medillm-Mll Trlode-LoJl'-Mu Trio_ 

• IiDE7 • lODE' .. iSlE7 
.6EW7 

Medium-Mil Dual Triode 
.6CM7 08CM7 
.lieS7 

Medium-Mil Twin Triode 
o 6FQ7/6CG7 

~ Miniature eOctal 

.8CS7 

·"No'far 
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High-Mu Triode-Low-Mu Triode 
o 6CY7 .. 6GF7 .. lOGF7 
o 6DR7 .. 6GF7A 0llCY7 
.6EA7 06GL7 .. lJDR7 
o 6EM7 • 10DR7 0 lJEM7 
.. 6F07 0 10EM7 .. IJFD7 

.. 136F7 

High-Mu Triode-Beam Power Tube 
.. 6KY8 .. lSKY8 .. lSKY8A 
.. 6KY8A 

Dllal Triode 
06EM7 

LoW-Mu Triode 
• 12B4A 

"6GF7A 

Amplifiers 

Medillm-Mu Triode 
o 6S4A 

Beam Power Tube 
.SAQS 06AQ5A 
• SCZS • 6CM6 
o SV6GT • 6CZS 

Power Pentode 
o 6HR5 06K6GT 

06EMS 
• 8EMS 
• UAQ5 

42. VIDEO AMPLIF1ERS 
Medlum-Mu Triode-Sharp-Cutoll Pentode 

o SAN8 0 6BH8 • 8AU8 
• SGH8A 0 lieU8 • SBA8A 
06AN8A .. 6CXS 0 8BH8 
• 6AU8A 0 6GH8A • 8CX8 
• 6AZ8 • 6HL8 ollLQR 
• 6BA8A 0 6LQ8 

High-Mil Triode-Sbarp.cutoll Pentode 
o 6A W8A 0 6KV8 • 10GN8 
o 6EB8 0 6LF8 • 10HF8 
• 6GN8 • 8A W8A .. 10JA8 
o IiHF8 0 8EB8 • llKV8 
o 6JV8 0 8GN8 • llKV8 
.6KT8 • SJV8 

Sbarp-Clltoll Pentode 
o 3JC6A 06JC6A .12BY7A 
• 4.JC6A 0 llHt\f7 t 12HG7 

Sharp-Cutoll Pentode with Diode 
• SAM8 0 6AM8A • 6AS8 
o SAS8 

Beam Power Tllbe 
06BKS 02SBKS 

Power Pentode 
06AG7 06GK6 • 16GK6 
o 6CL6 

t Dllodecar 
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Technical Data 
for RCA Tube Types 

THIS section contains technical descriptions of RCA tubes used in standard 
broadcast, FM, and television receivers, in audio amplifiers, and in many 

other diverse applications. It includes detailed data on current types, includ­
ing characteristics curves in many cases. Essential information on types 
intended primarily for replacement use and on discontinued types in which 
there may still be some interest is given in chart form at the end of the 
section. Characteristics charts for RCA television picture tubes for replace­
ment use and for RCA voltage-regulator and voltage-reference tubes are 
given in the following section. 

In choosing tube types for the design of new electronic equipment, the 
designer should refer to the Application Guide for RCA Receiving Tubes in 
the pages immediately preceding this section. 

Tube types are listed in this section according to the numerical-alphabeti­
cal-numerical sequence of their type designations. For Key: Basing Dia­
grams, see inside back cover. 

Refer to chart at end of data section. OZ4 

FULL-WAVE GAS RECTIFIER OZ4A 
PI)2~~ 

7 He 

Metal type used as a power rectifier in equipment with. 
vibrator-type power supplies. Outlines section, 2A; re­
quires octal socket. This tube, like other power-hand­
ling tubes, should be adequately ventilated. 

, 8 

S K 

4R 
FUll-Wave Rectifier 

MAXIMUM AND MINIMUM RATINGS (Design·Center Values) 
Peak Inverse Plate Voltage (Per Plate) ......................... . 
Peak Starting-Supply Voltage (Per Plate) ...................... . 
Peak Plate Current (Per Plate) ................................. . 
DC. Output CUTrent ............................................ . 

TYPICAL OPERATION WITH VIBRATOR-TYPE POWER SUPPLY 
AND CAPACITOR INPUT TO FILTER 

Peak Plate Supply Voltage (Per Platelt ....................... . 
FilteI'-Input Capacitor ......................................... . 
Total Effective Plate Supply Impedance (Per Plate) ............. . 
DC Output at Input to Filter ................................... . 
DC Output Current ............................................ . 
CHARACTERISTiCS 
Tube Voltage Drop for current of 110 rnA (Per Plate) ...........• 
MINIMUM CIRCUIT VALUE 
Total Effective Plate-Supply Impedance (Per Plate) ............. . 

880 rna", 
300· min 
330 max 

{ 110 max 
30~min 

440 
8 

600 
310 
100 

24 

300 

volts 
volts 

rnA 
rnA 
rnA 

volt" 
/l.F 

ohms 
volt. 
rnA 

volts 

ohms 

.. Absolute value. Under no circumstances should the tube be operated below the value shown. 
t Open-circuit voltage (flat portion of transformer voltage wave). 

Refer to chart at end of section. OZ4G 
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lA3 
lA4P 

lA5GT 
lA6 

lA7GT 
lAC5 

Refer to ch~rt at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart lI-t end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

lAD2 HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used as a rectifier in high-voltage pulse 
circuits of color and black-and-white television receiv­
ers. Outlines section, 9A; requires duodecar 12-contact 
socket. Socket terminals 4 and 10 may be used as tie 
points for components at or near filament potential. For 
high-voltage and X-ray safety considerations, refer to 
type 1G3GT/1B3GT. 
Filament Voltage (ac/dc) ........•...•.......................•• 
Filament Current ........................•................•..•••• 
Direct Interelectrode Capacitance (Approx.): . 

Plate to Filament .......................................••• 

Pulsed Rectifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) . 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ..........................................•.•• 
Average Plate Current .......................................••• 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................... . 

1.25 
0.2 

1.6 

26000· 
50 

0.5 

225 

volts 
ampere 

pF 

volts 
mA 
mA 

volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• The de component must not exceed 22000 volts. 

lAD5 
lAX2 

Refer to chart at end of section. . . 

Refer to chart at end of section. 

lAY2 HALF·WAVE. 
VACUUM RECTIFIER 

Miniature type used to supply high voltage to the anode 
of the picture tube in television receivers. Outlines sec­
tion, 33A; requires 2-contact socket. For high-voltage 
and X-ray safety considerations, refer to type 1G3GT/ 
IB3GT. . 
Filament Voltage (ac/dc) .....•.......................•...•...•• 
Filament Current .......................•............•........•• 
Direct Intel'electl'ode Capacitances: 

Plate to Filllment .....................................••.••• 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) . 
Peak Inverse Plate Voltage# .................... ; .............. .. 
Peak Plate Current .. ; .......................................... . 
Average Plate Current ..........................•.....•••••.•.•• 
CHA.RACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ..........•.• : ....•• 

1.25 
0.2 

1.4 

26000· 
50 

0.5 

75 

9DP 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
.. The de component must not exceed 22000 volts •. 

volts 
ampere 

pF 

volts 
rnA 
mA 

volts 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HALF·WAVE 
VACUUM RECTIFIER 

lB3GT 

1B4P 

1B5/255 

1B7GT 

lBC2 

'107 

9RG 

Duodecar type used as a rectifier in high-voltage 
pulse circuits of black-and-white television receivers. 
Outlines section, 7E; requires miniature 9-contact 
socket. Socket terminal 7 may be used as a tie point for 
components at or near filament potential. For high­
voltage and X-ray safety considerations, refer to type 
IG3GT /1B3GT. 

Filament Voltage (aeldc) ....................................... . 
Filament Current ..........................................•.... 
Direct Interelectrode Capacitance: 

Plate to Filament ...........................................• 

Pulsed Rectifier 
For operation in a 525.line. 30·frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current .......................................... . 
CHARACTERISTICS. Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................... . 

1.25 
0.2 

1.0 

18000-
45 

0.5 

80 

volts 
ampere 

pF 

volts 
mA 
mA 

volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
- The dc component must not exceed 15000 volts. 

Refer to chart at end of section. lC5GT 
Refer to chart at end of section. lC6 

Refer to chart at end of section. lC7G 

Refer to chart at end of section. 
lD5GP 
lD5GT 

Refer to chart at end of section. lD7G 
Refer to chart at end of section. lD8GT 
Refer to chart at end of section. lDN5 
Refer to chart at end of section. 1E5GP 
Refer to chart at end of section. lE7GT 
Refer to chart at end of section. lE8 
Refer to chart at end of section. lF4 
Refer to chart at end of section. lF5G 
Refer to chart at end of section. lF6 
Refer to chart at end of section. lF7G 



10~ RCA RECEIVING TUBE MANUAL 

lG3GTI 
lB3GT 

HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a rectifier i~ high-voltage 
pulse circuits of color and black-and-white televisiOn 
receivers or as a rectifier in a high-voltage rf-operated 
power supply. " 3C 
Filament Voltage (ac/dc) , .................................... , •• 
Filament Current .............. : ................................• 
Direct Interelectrode Capacitance (Approx.): . 

Plate to Filament and Internal Shield ............. ': ... : .. ' ... . 

1.25· 
0.2 

1.3 

volts 
ampere 

pF 

• Under no circumstances should the filament voltage be less than 1.05 volts or greater than 
1.46 volts. 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................. .. 
Peak Plate Current ...................... : ............... : ...... . 
Average Plate Current .................... ; ....................• 
CHARACTERISTICS, Instantaneous, Value 
Tube Voltage Drop for plate current of 7 mA ......... ' ........••• 

Rad io-Frequency Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ................................ ; .. ; .. 
Peak Plate Cunen t ................................... ; ........ ,'. 
Average Plate Current .............................. ' ......... : .. 
Frequency Range of Supply Voltage ............................. . 

26000· 
60 
0.5 

100 

33000 
35 

1.1 
1.6 to 100 

volts 
mA 
mA 

volts 

volts 
mA 
mA 
kHz 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
* The de component must not exceed 22000 ,volts. 

Installation and Application 
Type IG3GT/IB3GT requires an octal socket. Plate connection is cap at 
top of bulb. Socket terminals 1, 3, 4, 5, 6, and 8 may be connected to socket 
terminal 7 or to a corona shield which is connected to socket terminal 7. 
Socket terminals 4 and 6 may be used as tie points for components at or 
near filament; potential. This type may be supplied with pins 1, 4, and/or 6 
omitted. Outlines section, 14B. 

The high voltages at which the IG3GT/IB3GT is operated are very 
dangerous. Great care should be taken during the adjustment of circuits. 
The tube and its associated apparatus, especially all parts which may be at 
high potential with respect to ground, should be housed in a protective en­
closure. The protective housing should be designed with interlocks so that 
personnel cannot possibly come in contact with any high-potential point in 
the electrical system. The interlock devices should function to break the 
primary circuit of the high-voltage supply when any gate or door on the 
protective housing is opened, and should prevent the closing of this pri­
mary circuit until the door is locked again. ' 

It should be noted that high voltages may appear at normally low­
potential points in the circuit as a result of capacitor breakdown or incorrect 
circuit connections. Therefore, before any part of the circuit is touched, the 
power-supply switch should be turned off an9- bot~, terminals of any capaci-
tor should be grounded. ' . 

Operation of, the 1G3GT/lB3GTwith a plat~ voltage above approxi­
mately 16000 v.olt$ (absolute :value) results in the prod~ction of X-ra~s 
which can constitute ~ health hazard on prolo~ed exposure at,. close, range 
unless the tube is adeq~ately shielded., Relatively simple shielding should 
prove adequate, b~t the need for this precaution should be c,onsidered. . 

" . , ~ 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

1G4GT 
1G5G 
1G6GT 

1H4G 
lH5GT 

lH6G 
1J3 

1J5G 

1J6G 
1J6GT 

lK3 

.109 

lK3/1J3 
~

5LC 

«Le 3 

,F' 2 7 ",IS 

f 8 

LC LC 

3C 

Glass octal type used as a rectifier in high-voltage 
pulse circuits of black-and-white television receivers. 
Plate connection is cap at top of bulb. Socket terminals 
1, 3, 4, 5, 6, and 8 may be connected to socket terminal 
7 or to a corona shield which is connected to socket 
terminal 7. Socket terminals 4 and 6 may be used as 
tie points for components at or near filament potential. 

Outlines section, 14B; requires octal socket. For high-voltage and X-ray 
safety considerations, refer to type 1G3GT 11B3GT. 
Filament Voltage (ac/de) .....................................• 1.25 volts 
Filament Current . < ••• < •••••••• < •• < ••••• < • • • • • • • • • • • • • • • • • • • • • • • • 0.2 ampere 
Direct Interelectrode Capacitance (Approx.): 

Plate to Filament and Internal Shield . < • • • • • • • • • • • • • • • • • • • • • • 1.6 pI<' 

• Under no circumstances should the filament voltage be less than 1.05 volts or greater than 
1.45 volts. 

Pulsed Rectifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
CHARACTERISTICS, Instantaneous Value 

26000-
50 
0.5 

volts 
mA 
mA 

Tube Voltage Drop for plate current of 7 mA .................... 225 volts 

# Pulse duration must not exc~ 15% of a horizontal scanning cycle (10 microseconds). 
- The dc component must not exceed 22000 volts. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart, at end of section. 

lL6 

lLA4 

lLA6 

lLB4 

lLC5 
lLC6 
lLD5 
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lLE3 

·1LG5 

·1LH4 

UN5 

lN2A 

lN5GT 

lN6G 

lP5GT 

lQ5GT 

lR5 

Refer to chart at end of section. 

Refer to chart at end of section. 

'Refer to chart at end of section. 

Refer to chart a,t end of section. 

Refer to cha~tat end of section. 

Refer to chart 'at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

lS2A/DY87 HALF·WAVE 
VACUUM RECTIFIER 

Miniature type used in high-voltage, low~current appli­
cations in television scanning circuits. Outlines section, 
'iF; requires miniature 9-contact socket. Socket termi­
llals 3 and 7 ·may be used as tie points for components 
at or near heater potential. For high-voltage considera­
tions, refer to type IG3GT/IB3GT. 
Heater Voltage (acjde) .........................................• 
Heater Current ................................................. . 
Dh'eet Interelectrode Capacitance: 

Plate to cathode and heater ................................•• 

Pulsed Rectifier 
For operation in a 525-line, 3D-frame system 

MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage# ................................... .. 
Peak Plate Current ............... , ....................•..•..••• 
Average Plate Current .. " ....................................... . 
CHARACTERISTICS, Instantaneous Value . 
Tube Voltage Drop for plate current of 7 rnA ...................• 

1.4 
0.55 

1.8 

22000 
40 

0.8 

100 

H 

SDT 

#' Pulse duration must not exceed 10% of a horizontal scanning cycle (10 microseconds). 

154 Refer to chart at end of section. 

155 Refer to chart at end of section. 

1T4 Refer to chart at end of section. 

1T5GT Refer to chart at end of section. 

1T6 Refer to chart at end of section. 

lU4 .. Refer to chart at end of section. 

lU5 Refer to cha~t at end of section. 

IV Refer to chart at end of section. 

volts 
ampere 

pF 

volts 
rnA 
rnA 

volts 
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,. HALF-WAVE 
VACUUM RECTIFIER 

111 

lV2 

9V 

Miniature type used as a doubler in high-voltage pulse 
rectifier circuits of black-and-white television receivers 
and as a focus rectifier in color television receivers . 
. The very low power required by the filament permits 
the use of a rectifier transformer having small size and 
light weight. Outlines section, 6B; requires miniature 
9-contact socket. For high-voltage and X-ray safety 
considerations, refer to type IG3GT/IB3GT. 

Filament Voltage (acJ ....................................... . 
Filament Current ............................................. . 
Direct Interelectrode Capacitance: 

Plate to Filament (Approx.) ............................... . 

0.625· 
0.3 

0.8 

volt 
ampere 

pF 

• Under no circumstan~e. should the filament voltage be less than 0.526 volt or greater than 
0.725 volt. 

Pulsed Rectifier 
For operation in a· 525-Iine. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................... 8260. 
Peak Plate Current ............................................ 11 
Average Plate Curt'cnt ....... .................................... 0.6 

volts 
mA 
mA 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 
• The dc component must not exceed 7000 volts. 

microseconds). 

lX2A Refer to chart at end of data section. 

HALF-WAVE 
VACUUM RECTIFIER lX2B 

Sy 

Miniature type used as a rectifier in high-voltage pulse 
circuits of black-and-white television receivers and as a 
focus rectifier in color television receivers. Outlines 
section,7A; requires miniature 9-contact socket. Socket 
terminals 3 and 7 may be used as tie points for com­
ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to type IG3GT I 
1B3GT. 

Filament Voltage (acl .........................................• 
Filament Current .............................................. . 
Direct Interelectrode Capacitance: 

Plate to Filament and Internal Shield (Approx.) ........... . 

1.25* 
0.2 

1.0 

volts 
ampere 

pF 

* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 
1.45 volts. 

Pulsed Rectifier 
For operation in a 525-Iine. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ........................................ . 

22000-
41) 

0.5 

volts 
mA 
mA 

CHARACTERISTICS. Instantaneous Value 
Tube Voltage Drop for plate current of 7 rnA ...................• 100 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• The de component must not exceed 18000 volts. 

Refer to chart at end of section. 

Refer to chart at end of section~ 

Refer to chart at end of section. 

Refer to chart at end of section. 

2A3 

2AS 

2A6 

2A7 



112 RCA RECEIVING TUBE MANUAL 

2AF4A 

2AF4B 

Refer to chart at end .of section. 

Refer to type 6AF4A. 

2AH2 HALF-WAVE' 
VACUUM RECTIFIER. 

Duodecar type used as a rectifier in l\igh-vol~ge pulse 
circuits of. black-and-white television receivers. Out­
lines section, 9A; requires duodecar 12-contact socket. 
Socket terminals 4 and 10 may be used as tie points 
for components at or near heater potential. For high­
voltage and X-ray safety considerations, refer' to type 
IG3GT/lB3GT. Heater: volts (ac/dc), 2.5; amperes, 0.3. 

Pulsed Rectifier 
For operation in a 525-line. SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ........................................• 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA .................. ',' 

30000-
80 

1.5 

100 

volts 
mA 
rnA 

volts 

<# Pulse duration' must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• The de component must not exceed 24000 volts. 

2AS2 HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used, as a rectifier in high-voltage pulse 
circuits of black-and-white television receivers. Outlines 
section, 9B; requires duodecar 12-contact socket. Socket 
terminals 4, 7, and 10 may be used as tie points for 
components at or near heater potential. For high-volt­
age and X-ray safety considerations, refer to type 
1G3GT/1B3GT. Heater: volts (ac/dc), 2.5; amperes, 0.33. 

Pulsed Rectifier 
For operation in a 525-Iine. SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ..................................•• 
Peak Plate Current ...........................................• 
Average Plate Current .........................................• 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 7 rnA ................. . 

12 
H,K,IS H 

30000-
80 

1.5 

100 

12EW 

volts 
mA 
rnA 

volts 
<# Pulse duration must not exceed 15% of a horizontal scan'lling cycle (10 micl·oseconds) • 
• The dc component must not exceed 24000 volts. 

2AV2 HALF-WAVE 
VACUUM RECTIFIER 

Miniature type used as a high-voltage, low-current 
pUlse-operated focus rectifier in color televisionre­
ceivers. The filament of the tube' can be operated 
directly across the filament winding of the horizontal­
output transformer without a series voltage-dropping 
resistor. Outlines section, 6B; requires miniature 9-
contact socket. For high-voltage and X-ray safety con­
siderations, refer to type IG3GT/IB3GT. 
Filament Voltage (ac) ........................ ;' ............ : .... . 
Filament Current .............................................. . 
Direct Interelectrode Capacitance (Approx.): " 

Plate to Filament .................. ' ........................ . 

9U 

1.8 volts 
0.225 ampere 

0.8 pF 



TECHNICAL DATA 

Pulsed Rectifier. 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ............... ~ ................ ",' 
Peak Plate Current ............................................ . 
Average Plate Current .................................••••.... 

CHARACTERISTICS, Instantaneous Value . 

8250-· 
50 

0.6 

113 

volts 
mA 
rnA 

Tube Voltage Drop for plate CUI'rent of 1 mA ................•..• 20 volts 

# Pulse duration must not exceed 15% of a horizontal scanning. cycle (10 microseconds). 
O. Under no circumstances should this absolute value be exceeded; the dc component must 
not exceed 7000 volts. 

H 

Refer to chart at end of section. 

HALF·WAVE 
VACUUM RECTIFIER 

2B7 

2BJ2 

H.K H.t( 
IS IS 

9RT 

Miniature type used as a rectifier in high-voltage pulse 
circuits of transistorized black-and-white television re­
ceivers. Outlines section, 7A; requires miniature 9-
contact socket. Socket terminals 3 and 7 should not be 
used as tie points for external-circuit connections. For 
high-voltage and X-ray safety considerations, refer to 
type lG3GT./1B3GT. 

Heater Voltage (ac/dc) .................................•....... 
Heater Current ............................................... . 
Direct Interelectrode Capacitance: 

Plate to Cathode, Heater, and Internal Shield ...............• 

Pulsed Rectifier 
For operation in a 52S-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ........................................ . 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................. . 

2.3 
0.3 

20000 
80 

1 

volts 
ampel'e 

pF 

volts 
rnA 
rnA 

# Pulse duration must not exceed 15% of a hOlizontal scanning cycle 

80 volts 

(10 microseconds). 

Refer to chart at end of section. 
Refer to type 6BN4A. 
Refer to type 6CW 4. 
Refer to type 6CY5. 
Refer to type 6DS4. 
Refer to type 6DV 4. 
Refer to type 6DZ4. 

Refer to chart at end of section. 

HIGH·MU TRIODE 

2BN4 
2BN4A 
2CW4 
2CY5 
2054 
20V4 
20Z4 
2E5 

2EG4 

Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of television and FM re­
ceivers. Outlines section, 1; requires nuvistor socket. 

Heater Voltage (ae/de) .............................. ~ ................. . 
Heater Current ................................................. .. 

1.7 
0.6 

'vOlts 
axppere 
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Heater Warm-up Time (Average) •.• ; ........................... . 
Peak Heater-Cathode Voltage '" .................... " .......•.• 
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate ..... ' ..................................•.....••• 
. Grid to Cathode. Heater. and Shell .....................•..... 
Plate to Cathode. Heater. and Shell ......................... . 
Plate to Cathode ........................................... . 
Heater to Cathode .......................................... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ................................•..••••...•• 
'Plate Voltage ................................................... . 
Grid V(jltage: 

Negative-bias value ......................................... . 
Peak or dc positive value .................................. . 

Plate Dissipation ............................................... . 
Cathode Current .. : ............................................ . 

CHARACTERISTICS AND TYPICAL OPERATION Characteristics 
Plate Supply Voltage ............................. 110 
Grid Supply Voltage .............................. . 
Cathode-Bias Resistor ............................. . 
Grid Resistor ..................................... . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ........................ . 
Transconductanee .. .................................. ~ 
Grid Voltage (Approx.) for plate current of 100 /LA .. 
Grid Voltage (Approx.) for plate current of 10 /LA .. 
Plate Current .....................................• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:. . . 

130 

68 
7000 
9000 
-fi 

-6.8 
6.5 

8 
±100 

0.92 
4.S 
1.8 

0.18 
1.6 

300· 
I 135 

...,.55 
o 

1.5 
15 

Typical 
Operation 

70 
o 

47000 
68 

5440 
12500 

7 

seconds 
volts 

'pF 
pF 
pF 
pF 
pF 

volts 
, volts 

volts 
volts 

watts 
mA 

volts 
volts 
ohms 
ohms 

ohms 
pmhos 

volts 
volts 

mA 

For fixed-bias operation ..................................... 0.6 megohm 
For eath9de-bias operation ................................... 2.2 megohms 

o A plate supply voltage of 300 volts may be used provided that a sufficiently large resistor is 
used in the plate circuit to limit the plate dissipation to 1.5 watts under any c(jndition of 
operation. ." "". ", 
• leor operation at metal .... hell temperatures up to 1350 C. 

2ENS 
2ERS 
2FHS 

. 2FQSA 
2FSS 
2GKS 
2GUS 
2HAS 
2HQS 

TYPE2EG4 

r---+---hlE--~--~---+---1~-; 

92CS-H209Tt 

Refer to chart at end of section. 
Refer to type 6ER5. 

Refer to type 6FH5 • 

Refer to type 6FQ5A. 

Refer to type 6FS5. 

Refer to type 6GK5. 

Refer to type 6GU5. 

Refer to type 6HA5. 

Refer to type 6HQ5. 



TECHNICAL DATA 

LC 

Refer to chal't at end of section. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

: 7 H ~ 
H IS 

3A2 
3A3 

115 

3A3/3B2 
3A3A 

3A3A/3B2 
~

~lC 

I 6 

LC lC 
Glass octal type used as a rectifier in high-voltage 
pulse ciz'cuits of color television receivers. Outlines 

8EZ section, 14E; requires octal socket. Socket terminals 
1, 3, 4, 5, 6, and 8 may be connected to socket terminal 7. Socket terminals 
4 and 6 may be used as tie points for components at or near heater poten­
tial. For high-voltage and X-ray safety considerations, refer to type 
IG3GT/IB3GT. 
Heater Voltage (ae) .......................................... . 
Ueater Current ............................................... . 
Dh'ect Interelectrode Capacitance (ApPl·OX.): 

Plate to Heatel', Cathode, and Internal Shield ............. . 

3.15" 
0.22 

1.5 

volts 
ampere 

* Under no circumstances should the heatel' voltage be less than 2.65 volts or greater than 
3.ti5 volts. 

Pulsed Rectifier 
For operation in a 525-line. 30-frame Bystem 

MAXIMUM RATINGS (Design-Maximum Values) 
3A3A 

Peak Inve,·.e Plate Voltage# ..................... . 
3A3A/3B2 

30000 
Pea.k Plate CUrI'ent ... , ............................. . 100 
Average Plate Current ........................... . 2 

3A3/3B2 

30000 VCjJts 
88 mA 

1.7 rnA 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 

Refer to chart at end of section. 

Refer to type 6AF4A. 

Refer to type 6AL5. 

HALF-WAVE 
VACUUM RECTIFIER 

3ABGT 
3AF4A 
3AL5 

3AT2 
Duodecar type used as a rectifier in high-voltage pulse 
circuits of color television receivers. Outlines section, 
9B; requires duodecar 12-contact socket. For high­
voltage and X-ray safety considerations, refer to type 
IG3GT/IB3GT. 

Heater Voltage (ac/de) ........................................• 
Heater Current ..............................................•. 
Direct Interelectrode Capacitance: 

Plate to Cathode. Heater. and Internal Shield ...............• 

Pulsed Rectifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

3.15 
0.22 

1.5 

Peak Inverse Plate Voltage# .................................... 30000 
'Peak Plate Current ............................................. 88 
Average Plate Curt"ent .......................................... 1. 7 

volt. 
ampere 

pF 

"olts 
mA 
rnA 

11 Pulae d~tion must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to type 6A U6A. 

Refer to type 6A V6. 

3AU6 
3AV6 
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3AW3 HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a rectifier in high-voltage pulse 
circuits of black-and-white television receivers. Out­
lines section, 14B; requires octal socket. For high-volt­
age and X-ray safety considerations, refer to type 
IG3GT /IB3GT. Heater: volts (ac/dc), 3.15; amperes, 
0.22. 

Pulsed Rectifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................• 

i~!;a:~atpla~~rC:;;re"n:t . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

~
5l~ 

LC 

.: . 'Ii" 
I 8 

30000 
88 

1.7 

I.e LC 

BEZ 

volts 
mA 
mA 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

382 Refer to chart at end of section. 

38A6 

38CS 
38CS/3CES 

38E6 

38N4 
38N4A 
3BN6 
38U8 

38U8/3GS8 
38Y6 
3BZ6 

Refer to type 6BA6. 

Refer to type 6BC5. 

Refer to type 6BE6. 

Refer to chart at end of section. 

Refer to type 6BN 4A. 

Refer to type GBN6. 

Refer to type 6BUS. 

Refer to type 6BY6. 

Refer to type 6BZ6~ 

3eA3 HALF·WAVE 
VACUUM RECTIFIER 

Glass octal type used as a rectifier in high-voltage pulse 
circuits of color television receivers. Outlines section, 
14E; requires octal socket. Socket terminals 1, 3, 4, 5, 6, 
and 8 may be connected to terminal 7 or to a corona 
shield which coimects to terminal 7. Socket terminals 
4 and 6 may be used BIJ tie points at or near cathode 
potential. For high-voltage and X-ray safety considera­
tions, refer to type IG3GT/lB3GT. 

~
SLC 

Lt 3 

H2 '7 ~ 
• I 8 

Heater Voltage (M) ............. ' ......................•.....•• 
Heatet· Current ...............................................•. 
Direct Interelectrode Capacitance (Approx.): 

Plate to Heater. Cathode; and Internal Shield ..............•• 

Pulsed Rectifier 
;For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voitage#' ........ ' ...... , ................... .. 
Peak Plate Current ... , .. , .. , .......... , ....................... . 
Average Plate Current .........•.............. ' ...........•...•• 
CHARACTERISTICS, Instantaneous Value 

I.e LC 

BMH 

S.6 volts 
0.225 ampere 

1.6 pF 

30000 volta 
100 mA 

2 ,mA 

Tube Voltage Drop for plate current of 11 mA .................• 100 volts 

# Pulse duration must ';'ot exceed 15% of a horizontal scanning cycle (10 microseconds). 

3CB6 Refer to tl"pe 6CB6A. 



TECHNICAL DATA 

Refer to type 6CE5. 
Refer to type 6CF6. 
Refer to type 6CS6. 
Refer to type 6CY5. 

FULL·WAVE 
VACUUM RECTIFIER 

3CE5 
3CF6 
3C56 
3CY5 

3DG4 

117 

~
P02 

F3 

2 7 PO, 
Ie 

I 
F 

7DK 

Glass octal type used in power supplies of color and 
black-and-white television receivers and other equip­
ment having high dc requirements. Outlines section, 
19E; requires octal socket. It is especially important 
that this tube, like other power-handling tubes, be ade­
quately ventilated. For discussion of Rating Chart, 
refer to Interpretation of Tube Data. Filament: volts 
(ac/dc), 3.3; amperes, 3.8. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ..............................••.••• 
Peak Plate Current (Per Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) ............. . 
AC Plate Supply Voltage (Per Plate, rms) ..................... . 
DC Output Current (Per Plate) ............................... : 
Bulb Temperature (at hottest point on bulb surface) ......... ". 

~ 
i 
a: 
~250 

l!l 
ffi20 
~ ... 

0 

3 150 
:il 
!; 100 
0. 
I-

i3 50 
o 
o 

RATING CHART 

TYPE 3DG4 -' J J I. J I E ·3.3 VOLTS Ae 
~ MAXIMUM OPERATING VALUeS WITH: -

240-I--

r(HOKE-INPUT FILTER 
,-CAPACITOR-INPUT FILTER 

F IA Bi" r-.... 

! E!\ C 
I 

W.L r- r- -- r- ---:- -,5 I 

: I 

~33 3251 375 G 
o 100 200 300 400 

AC PLATE SUPPLY VOLTS IRMS) PER PLATE (WITHout LOAO)' 
92CS ... IO$8zn 

TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER, 
AC Plate-to-Plate Supply Voltage (rms) .................. : ....... . 
Filter-Input Capacitor" ....................................... , ..• 
Effective Plate-Supply Impedance per Plate ........ ' ..... :: ..... :. 
DC Output Voltage at Input to Filter (Approx.): .. , 

At full-load current of 350 mA .......................... ;.: ,\ 
CHARACTERISTICS 

1050 
1.2 
6.5 
See 
See 

200 

550 
40 
32 

300 

volts 
ampel'es 
ampel'es 

Rating Chart 
Rating Chart 

"C 

volts 
I,F 

ohms 

volts 

Tube Voltage Drop for plate current of 350 mA (per plate) ... ':;".,' 25 volt. 

"Higher values of capacitance than indicated may be used,' bnt-.the effective plate-supply 
impedance may have to be increased to prevent exceeding the in~imum peak-plate~current 
rating.· 

Refer to type 6DK6 .. 
Refer to chart at end of section. 

Refer to type 6DT6A. 

R~ferto type 6DZ~ 
Re£~r to chart at'.end of section. 

Refer to type 6EH7 ... 

3QK6 
3DT6 

10 .' 

3DT6A 
3DZ1 
3EA,,5 
3EH7 
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3EJ7 Refer to type 6EJ7/EF184. 

3ERS Refer to type 6ERIi. 

3FHS Refer to type 6FHIi. 

3FS5 Refer to type 6FSIi. 

3GK5 Refer to type 6GK5. 

3GS8 SHARP-CUTOFF 
TWIN PENTODE 

Miniature type used as combined SyDc separator, sync 
clipper, and agc amplifier tube in television receivers. 
Outlines section, 6Ej requires miniature 9-contact 
socket. 
Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................. . 
Heater Warm-Up Time (Average) ............................. . 
Heater-Cathode Voltage: 

3.10 
0.6 
11 

If 

Peak value ................................................ . ±200max 
Average value ............................................. . 

Direct Interelectrode Capacitances: 
Grid No.3 to Plate (Each Unit) .......................... .. 
Grid No.1 to All Other Electrodes ......................... . 
Grid No.3 to All Other Electrodes (Each Unit) ............. . 
Plate to All Other Electrodes (Each Unit) ................. . 
Grid No.3 of Unit No.1 to Grid No.3 of Unit No.2 .........• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) .................................... . 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 

Peak positive value ........................................ . 
DC negative value ............•............................. 
DC positive value .......................................... . 

Grid~No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Negative bias value ......... . 
Cathode Current .............................................. . 
Plate Dissipation (Each Unit) ................................. . 
Grid-No.2 Input ...............................................• 
CHARACTERISTICS With Both Units Operatinc 
Plate Voltage (Each Unit) ........................ 100 
Grid-No.3 Voltage (Each Unit) .................... -10 
Grid-No.2 Voltage ................................ 67.1> 
Grid-No.1 Voltage ........................... ' ..... . 
Plate Current' (Each Unit) .......................• 
Grid-No.2 Current ............................... . 
Cathode Current ..............•................... 

With One Unit Operatinc' 
Plate Voltage ................................... . 
Grid-No.3 Voltage ................................ . 
Grid-No.2 Voltage ...............................• 
Grid-No.1 Voltage ...............................• 
Grid-No.3 Transconductance ....................•.• 
Grid-No.1 Transconductance ......................• 
Plate . Current ...................................• 
Grid-No.3 Voltage (Approx.) for plate current of 

100' p,A .......................................•• 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p,A ................................. ' •......•• 
MAXIMUM CIRCUIT VALUES 

6 
6.1 

lOG­
O 

67.0 
o 

1200 

Grid-No.3-Circuit Resistance (Each Unit) .......•....•.•......••• 
Grid-No.1-Circuit Resistance ...................................• 

• Adjusted to provide a dc grid-No.1 current of foo microamperes • 
• With plate and grid No.3 of the other 'unit connected to ground. 

100 max 

2 
6 

3.8 
3.2 

0.015 max 

300 

50 
-1>0 

3 
150 

-50 
12 

1.1 
0.71> 

100 
0 

67.1> 

2 
3.6 
7.7 

100 
0 

67.5 

270 

2 

-3.7 

-2 

0.5 
0.5 

3GS8/3BU8 

3HAS 

Refer to chart at end of section. 

Refer to chart at end of section. 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 

volts 

volts 
volts 
volts 
volts 
volts 

mA 
watts 
watt 

volts 
volts 
volts 
volts 
rnA 
mA 
rnA 

volts 
volts 
volts 
volts 

,.mhos 
,.mhos 

rnA 

volts 

volts 

megohm 
megohm 



TECHNICAL DATA 

Refer to type 6HM5/6HA5. 
Refer to type 6HQ5. 
Refer to type 6HS8. 

Refer to types 6JC6 and 6JC6A. 

Refer to type 6JOO. 
Refer to type 6KT6. 

Refel' to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6A U6A. 
Refer to type 6A V6. 

Refer to chart at end of section. 
Refel' to type 6BC8. 

Refer to type 6BL8. 

Refer to type 6BN6. 
Refer to type 6BQ7 A. 
Refer' to type 6BS8. 

Refer to chart at end of section. 

Refer to type 6BZ6. 
Refer to type 6BZ7. 

Refer to type 6CB6A. 

Refer to type 6CS6. 

Refer to type 6CY5. 

Refer to type 6DE6. 

Refer to type 6DK6. 
Refer to chart at end of section. 

Refer to type 6DT6A. 

Refer to type 6EH7. 

Refer to type 6EJ7/EF184. 

Refer to type 6ES8. 

Refer to type 6EW6. 

Refer to type 6GK5. 

Refer to type 6GM6. 

Refer to chart at end of section. 

Refer to type 6GX7. 
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3HM5/3HA5 
3HQS 
3H58 
3JC6 

3JC6A 
3JD6 
3KT6 
3LF4 
3Q4 

3QSGT 
354 
3V4 

4AU6 
4AV6 
4BCS 
4BC8 
4BL8 

4BL8/XCF80 
4BN6 

4BQ7A 
4B58 
4BU8 

4BU8/4G58 
4BZ6 
4BZ7 
4CB6 
4C56 
4CY5 
4DE6 
4DK6 
4DT6 

4DT6A 
4EH7 
4EJ7 
4E58 

4EW6 
4GK5 
4GM6 
4G58 

4G58/4BU8 
4GX7 
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4GZ5 
4HA5 
4HA7 

Refer to type 6GZ5. 
Refer to type 6HA5. 
Refer to type 5HA7. 

4HC7 DUAL TRIODE 
Duodeear type used for syne clipper and age-amplifier 
service in television receivers. . Outlines section, 30E; 
requires duodeear 12-contact socket. Heater: volts 
(ac/de), 4.2; amperes, 0'.6; warm-up time, 11 seconds; 
maximum heater-cathode volts,.± 200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 
Plate Voltage .......... .'. . . . . . . . . . . . . . . . . . . . . . . . • 330 
Grid Voltage: 

Positive-bias value ........................... . 
Negative-bias value .......................... . 

Peak Positive-Pulse Grid Voltage .................• 
Plate Dissipation# ...............................• 
CHARACTERISTICS 
PIa te Voltage ..................................... . 
Grid Voltage ..................................... . 
Amplifiication Factor ............................ . 
Plate Resistance (Approx.) ........................ . 
Transconductance .............. ' .................. . 
Plate Current .................................... . 
Grid Voltage (Approx.) for plate current of 10 fJ,A . 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance ....................... -. .. . 

o 
-100 

60 
3 

150 
-1 

23 
5200 
4400 

18 
-13 

5 

NC 

I 
H H 

12FR 

Unit No.2 
330 

o 
-100 

1.2 

150 
-1 
100 

53000 
1900 

1 
-2.2 

volts 

volts 
volts 
volts 

watts 

volts 
v6it 

ohms. 
fJ,mhos 

mA 
volts 

5 megohms 

11 A bias resistor or other means is required to protect the tube in absence of excitation. 

4HM6 
4HS8 

Refer to type 6HM6. 
Refer to type 6HS8. 

4HT6 SEMIREMOTE-CUTOFF 
PENTODE 

Miniature type with frame grid used in the if-amplifier 
stage of television receivers. Outlines section, 6B; re­
quires miniature 9-contact socket. 

Heater Voltage (ac/dc) ...........................•............• 
Heater Current· .................................................. ' 
Heatel' Warm-up Time ......................................... . 
Heater-Cathode Voltage . 

Peak value ..•........... : ............................. , ... . 
Average value ...................... : ........................ . 

Direct Interelectrode Capacitances ~ Unshielded 
Grid No.1 to Plate ....... ,.................... 0,031 
Grid No.1 to Cathode. H~! Grid. No.2, 

Grid No.3, and Internal Shield .............• 8.7 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....... ~ . .. . . . . . . . . . . . . .. 2.15 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............. ' .......................... , ......... . 
Grid-No.2 (Screen-Grid) Supply Voltage .......................• 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage. Negative-bias value .........• 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: ' . 

For grid-No.2 voltages up to 125 volts .....................• 
For grid-No.2 voltages between 125 and 250 volts ......•..••• 

4.2 
0.45 

11 

9PM 

±200 max 
100 max 

Shielded 
0.024 

8.7 

3.0 

volts 
amp~re 

secon'ds 

volts 
volts 

pF 

pF 

pF 

250 volts 
250 volts 

See curve page 96 
-50 vqlts 

25 mA 
2.5 watts 

0.6 watt 
See curve page 96 
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CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid No.:) (Suppressor Grid) .......................... Connected 
Grid-No.2 Supply Voltage ...................................... . 
Cathode-Bias Resistor .......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Cm'rent ................................................ . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for transconductance of 100 ,.mhos ., 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation .................................• 

Refer to types 6J C6 and 6J C6A. 

Refer to type 6JD6. 
Refer to type 6KE8. 
Refer to type 6KT6. 
Refer to type 5LJ8. 

Refer to type 6AM8A. 
Refer to type 6AN8A. 
Refer to type 6AQ5A. 

FULL-WAVE 
VACUUM RECTIFIER 

125 
to cathode 

125 
56 

0.14:~ 
14000 

15 
4 

-4.5 

O.2fi 
1 

121 

volts 
at socket 

volts 
ohms 

megohm 
I'mho. 

rnA 
mA 

volts 

megohm 
megohm 

4JC6 
4JC6A 
4JD6 
4KES 
4KT6 
4U8 

SAMS 
SANS 
SAQ5 

SAR41 
GZ34 ~p 6P 

H 2 

I 8 
Ie H.K 

5DA 

Glass octal type used in power supply of television re­
ceivers and other equipment having high dc require­
ments. Outlines section, 13F; requires octal socket. It 
is especially important that this tube, like other power­
handling tubes; be adequately ventilated. Heater: volts 
(ac/dc). 5; amperes, 1.9. 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage .................................•••• 
Peak Plate Current (Pel' Plate) ............................... . 
Hot-Switching Transient Plate Current .(Per Plate) ........... . 
AC Plate-Supply Voltage (Per Plate, rms,. without load) ....... . 
Average Output Cunent (Per Plate) ...........................• 
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) .......... 450 
Effective Plate-Supply Impedance per Plate ...... 160 
Average Output Current .........................• 225 
DC Output Voltage at Input to Filter ............ 475 

RATING CHART 

I I 
125' 475 II 

o 100. 200 500 400 1100 800 700 
AO PLATe SUPf'\.Y VOLTS IIIMSIPEfI PLATE (WITHOUT LOADI 

t2CS~j32"l f 

1700 
825 
3.7 
See 
See 

550 
200 
160 
620 

volts 
rnA 

amperes 
Rating Ch.u·t 
Rating Chart 

volts 
ohms 

rnA 
volts 
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TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ......... . 
Filter Input Choke .............................. . 
Average Output Current .........................• 
DC Output Voltage at Input to Filter .............• 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 225 mA 

(Per Plate) ..................................• 

450 
10 

250 
375 

650 
10 

225 
465 

17 

SAS4 Refer to chart at end of section. 

volts 
henries 

lilA 
volts 

volts. 

SAS4A FULL,WAVE 
VACUUM RECTIFIER 

Glass octal' type used in power supplies of television 
l'eceivers having. high de requirements. Outlines section, 
19D; requires octal socket. This type may be supplied 
with pins 3, 5, and 7 omitted. Vertical mounting is pre­
ferred, but horizontal mounting is permissible if pins 
1 and 4 are in vertical plane. It is especially important 

O"D: :e 
NC 3 6 PD, 

f 2 7 Ne 

I 6 

NC f 

that this tube, like other power-handling tubes, be ade- 5T 
quately ventilated. Heater: volts (ac), 5.0; amperes, 3.0. For maximum 
ratings, typical operation, and curves, refer to type 5U4GB. 

Refer to type 6AS8. 

Refer to type 6AT8A. 

SAsa 

5ATa 

5AU4 Refer to chart at end of data section. 

SAVS MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE PT 3 

Miniature type used in television receiver applications, 
Outlines section, 6B; requires miniature 9-contact socket. 
Heater: volts (ac/dc), 4.7; amperes, 0.6; warm-up time 
(average), 11 seconds; maximum heater-cathode volts, 
± 200 peak, 100 average. 

H 

9DZ 
Class A, Amplifier 

MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit 
Plate Voltage .............................. : ..... . 
Grid No.2 Supply Voltage ....................... . 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ........... : ..................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ....... . 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................ . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ............................• 
Amplification Factor ............................. . 
Plate Resistance (Approx.) .... : ................. .. 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ...............................•. 
Grid-No.1 Voltage (App.·ox.) for plate current of' 

10 p,A ....................... " ..............••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:. 

For fixed-bias operation .....................•• 
For cathode-bias operation ................... . 

300 

0 
2.5 

200 

-6 

19 
5750 
8300 

13 

~19 

0.5 
1.0 

300 
300 

See curve page 96 
0 
2 

0.5 
See curve page 96 

200 
150 

180 

300000 
6200 

9.5 
2.8 
-8 

0.25 
1.0 

volt. 
volts 

volts 
watts 

watt 

volts 
volts 
volts 
ohms 

ohms 
p,mho8 

mA 
mA 

volts 

megohm 
megohm 

* If either unit is operating at maximum rated conditions, grid-No.1-circuit resistance for 
both units should not exceed the stated values. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

5AW4 

5AZ4 

5B8 

123 

Miniature type used as combined vhf oscillator and 
mixer in television receivers. Outlines section, 6B; re­
quires miniature 9-contact socket. 

Heater Voltage (ae/de) .......................................•• 
Heater Current ................................................ . 
Heater Warm~up Time .........................................• 
Heater-Cathode Voltage: 

Peak value .................. , ............................•• 
Average value .......................................•...••• 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .. . ....... , .......................... . 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 

Pentode Unit: 
Grid No.1 to Plate .......... , ............................ . 
Grid No.1 to Cathode, Heater, and Grid No.2 ............... . 
Plate to Cathode, Heater, Grid No.2, and Internal Shield ... . 
Plate to Cathode, Heater, and Grid No.2 ................... . 

Triode Grid to Pentode Plate ................................. . 
Pentode Grid No.1 to Triode Plate ............................. . 
Pentode Plate to Triode Plate ................................. . 

Class A, Amplifier 

4.7 
0.6 
11 

±200max 
100 max 

1.7 
1.9 
1.4 

0.05 max 
6 

2.6 
0.15 

0.0078 
0.0033 

0.06 

MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 
pF 
pF 
pF 
pF 
pF 
pF 

Plate Voltage .................................... 300 300 volts 
Grid No.2 (Sere~n-Grid) Supply Voltage .......... 300 volts 
Grid-No.2 Voltage .... . . . . . . . . . . . . . . . . . . . . . . . . See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-hias value 0 0 volts 
Plate Dissipation .................................. 2.5 2 watts 
Grid No.2 Input: 

For grid-No.2 voltages up to 150 volts .......... 0.5 watt 
For grid-No.2 voltages between 150 and 300 volts See curve page 96 

CHARACTERISTICS 
Plate Supply Voltage .............................• 
Grid-No.2 Supply Voltage ......................... . 
Grid Voltage .................................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 /LA ......................................... . 
MAXIMUM CIRCUIT VALUE 
Grid .. No.l-Circuit Resistance"': 

For fixed-bias operation ..................... . 
For cathode-bias operation .................... . 

11= If either unit is operated at maximum rated conditions, 
both units should not exceed the stated values. 

FULL-WAVE 
VACUUM RECTIFIER 

200 200 volts 
150 volts 

-6 volts 
180 ohms 

19 
5750 300000 ohms 
3300 6200 /Lmhos 

13 9.5 rnA 
2.8 mA 

-19 -8 volts 

0 .• 0.25 megohm 
1.0 1.0 megohm 

grid-N o.l-circuit resistance for 

5BC3 
5BC3A 

Novar types used in power supplies of radio equip­
ment and television receivers having high dc require­
ments. Outlines section, l7C and 3lC, respectively; re-
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quire novar 9-contact socket. Vertical operation is preferred, but tubes may 
be operated in horizontal position if pins 2 and 7 are in vertical plane. It is 
especially important that these tubes, like other power-handling tubes, be 
adequately ventilated. Filament: volts (ac), 5; amperes, 3. 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) . 
Peak Inverse Plate Voltage .............•. ,. ~ ........ ; .........• 
Peak Plate Current (Per Plate) ........... '.' ...... : ........... . 
Hot-Switching Transient Plate Current (Per Plate)· .. : ........• 
AC Plate-Supply Voltage (Per Plate, l'ms) ............. ; ..... '; .. 
Average Output Current (Per Plate) ................. :: ........ ;. 
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER' 
AC Plate-to-Plate Supply Voltage (rms) ......... 600 
Filter-Input Capacitor~ ........... ' .... , . . . . . . . . 40 
Total Effective Plate.-Supply Impedance per Plate 
DC Output Voltage at Input to Filter (Approx.): 

At load cunimt of: 300 mA ............ .. 
275 rnA ............. . 
162 mA ............. . 
150 mA ............. . 

137.5 mA ............. . 
81 mA ............. . 

21 
290 

335 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 

900 
40 

67 

460 

520 

1700 volts 
1 ampere 
5 amperes 
See Rating Chart 
See Rating Chart 

1100 volta 
40 J.'F 

97 ohms 
volts 
volts 

,630 volts 
volts 
volts 

680 volts 

AC Plate-to-Plate Supply Voltage (rms) .......... . 900 
10 

1100 volts 
Filter-Input Choke ......................... : ...... . 10 henlies 
DC Output Voltage at Input to Filter (Approx.): . 

At load CUrl'ent of: 348 mA .......... ; ... :.; ..• 340 volt. 
275 mA ............. : ... :. 440 volts 
174 mA ............... : ... . 355 volts 

137.5 mA ..................... . 445 volts 

• If hot switching is regularly required in operation, the use of choke-input circuits is 
recommended. Such circuits limit the hot-switching current to a value no higher than that 
of the peak plate current. When eapacitor .. input circuits are used, a maximum peak current 
value per plate of 5 amperes during the initial cycles of the. hot-switching transient should 
not be exceeded. . 
• Higher values of capacitance than indicated may be used, but the effective plate-supply 
impedance may have to be increased to prevent exceeding the maximum rating for peak 
plate current. 

~BE8 

5BK7A 
5BC)7A 
~BR8 

S'TB 
5B~8 
5CG8 
SCL8 

'" Ii 
it. 
0: 

'" .. 
.,20 

~ 
~ 
" 15 .. 
:::; 
..J 

i 10 

~ .... 
6 5 
u 
Q 

RATING CHART 

TYPE 5BC3 ..I.. J J .!. J Ef'5 VOLTS AC 

MAXIMUM OPERATING VALUES WiTH' -r CHOKE -INPUT FILTfrR 
rICAPACITOR-'INPU FILTER --

OF A 
190 - r-t ~.~ I --0 

EI'\ 
I 
I 

o .~ I -- --- -- -- --- 0 
I 
I 

0 
I 
I 

G .-=, 
bb 

o 100 200 300 400 .~OO !lOQ _ .... 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT.·LOAO) 

Refer to chart at end or section. 

Refer to t~pe 6BK7B. 
Refer to type6BQ7 A. 
Refer to type6BR8A. 

Refer to cllart~v end of ~ection. 

Refer to i;ype6BW8. 
'Refer to ty~e 6CGS4. 

Refer to chart ate:qd.of;:;ection. 
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Refer to type 6CLSA. 
Refer to chart at end of section. 

Refer to type 6CQS. 
Refer to type 6GZ5. 

Refer to chart at end of section. 

FULL-WAVE 
VACUUM RECTIFIER 

5CL8A 
5CM8 
5CQ8 
5CZ5 
5DH8 

SDJ4 

125 

8KS 

Glass octal type used in power supplies of radio and 
television receivers having high dc requirements. Out­
lines section, 19E; requires octal socket. Operation in 
vertical position is preferred, but horizontal operation 
is permissible if pins 2 and 4 are in vertical plane. It is 
especially important that this tube, like other power­
handling tubes, be adequately ventilated. Filament: 
volts (ac/dc), 5; amperes, 3. 

Full-Wave Rectifier 
MAXIMUM RAl'lNGS (Design-Maximum Values) 
Peak Invertle Plate Voltage ................................•• 
Peak Plate Current (Per Plate) ...............................• 
Hot-Switching Transient Plate Current (Per Plate) ........... . 
AC Plate-Supply Voltag., (Per Plate, rms, without load) ......... . 
Average Output Current (Per Plate) ........................... . 
TYPICAL OPERATION 

Filter Input 
AC Plate-to-Plate Supply Voltage (rms, without load) 
Filter-Input Capacitor· ........................... . 
Filter-Input Choke ............................... . 
Effective Plate-Supply Impedance per Plate ..... . 
DC Output Voltage at Input to Filter (Approx.) .. 
Average Output Current ......................... . 

Capacitor 
600 900 
40 40 

21 
290 
300 

67 
460 
275 

1700 volts 
1 ampere 
5 amperes 
See Rating Chart 
See Rating Chart 

Choke 
1100 volts 

10 
pF 

henries 
ohms 

420 volts 
275 mA 

• When capacitor values greater than 40 pF are used. the effective plate-supply impedance 
should be increased so that the mltXimum rating for peak plate current is not exceeded. 

RATING CHART 

TYPE 5DJ4 
E,-5 VOLTS AC 

"'~~~_~~1Tr,LTERwe3' WI 'H' 

O~-A t--i 
rCAPACITOR-INPUT FILTER 

190 I - -t-!--- B~ 
o I~O 

I ~c I 
0 gz-r ... -- --- -- -- -- 0 

.. I 
I 

68 45 a 
o 100 200 300 400 500 600 

AC PLATE SUPPLY VOLTS ~MS) PER PLATE [WITHOUT LOAO) 
ft~I2041 

Refer to type 6EAS. 
Refer to type 6EU8. 
Refer to typ~ 6EW6. 
Refer to. type 6FG7. 

Refer to type 6FVSA. 

Refer to type 6GHSA. 

Refer to type 6GM6. 

5EA8 
5EU8 
5EW6 
5FG7 
5FV8 
5GH8 

5GH8A 
5GM6 
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5GX6 
5GX7 

SHA7 
4HA7 

Refer to type 6GX6. 
Refer to type 6GX7. 

DUAL TRIODE 
NC NC 

Duodecar type used as a sync clipper and agc amplifierKT2 3 ...... ....,,, ..... 

in television receivers. Outlines section, SA; requires 
duodecar 12-contact socket. Type 4HA 7 is identical with 
type 5HA 7 except for the heater ratings. 

Heater Voltage (ae/de) ........................... . 
Heater Current ..................................... . 
Heater Wal"T1l-Up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ....•............................... 
Average value ................................. . 

Class Al Amplifier 

4HA7 
4.2 
0.6 
11 

±200max 
100 max 

I 
H H 

12FQ 
SHA7 
5.6 

0.4.5 
11 

±200 max 
100 max 

MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 Unit No.2 
Plate Voltage .................................... 00 330 
Grid Voltage: ' 

Positive-bias value ...........................• 
Negative-bias value ........................... . 

Cathode Current .................................. . 
Plate Dissipation , ................................. . 
CHARACTERISTICS 
Plate Voltage ..................................... . 
,Grid Voltage , .................................... . 
Amplifi<~tion Factor .............................. . 
Plate Resistance (Approx.) ", ..................... . 
rransconductance ................................. . 
Plate Current , ........ , .... , ......... , .. , ....... 00 

Grid Voltage (Approx.) for plate current of 10 /LA ., 

o 
-50 

20 
2.75 

250 
-8.5 

17 
7700 
2200 
10.5 
-24 

5HB7 
5HG8 
5HZ6 
5J6 

Refer to type 6HB7. 
Refer to type 6HG8. 
Refer to type 6HZ6. 
Refer to type 6J6A. 

SJK6 SHARP~CUTOFF PENTODE 

Miniature type used for if-amplifier applications in 
color and black-and-white televiaion receivers. Out­
lines section, 5Ci requires miniature 7-contact socket. 

Heater Voltage (ae/de) ..... , ................................ 00 00 

Hea.ter Current .......... : ..................................... . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: . 

Peak. value .................................................• 
Average value .............................................. . 

Direct Intereleetrode Capacitances: 
Grid No.1 to Plate ................ : ......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .................... ,.. . .............• 
Plate to Cathode. Heater, Grid No.2,Grid No.8, 

and Internal Shield ....................................... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximuin Values) 
Plate Voltag,! .•.. 00 00 ..... 00.00 •• 00 ....... 00, ..... 00. 00, 00 00 .... .. 

3ilO 

0 
-50 

0.3 

250 
-2.0 

100 
62500 

1600 
1.2 

1CM 
',<' <1.9 

0.45 
11 

±2,00max 
100 max 

0.02 max 

9.5 

2.7 

275 

volts 
ampere 
seConds 

volts 
volts 

volts 

volts 
volts 

rnA 
watts 

volts 
volts 

ohms 
/Lmhos 

mA 
volts 

volts 
ampere 
seeonds 

volts 
volts 

JlF 

JlF 

JlF 

volts 
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Grid-No.2 (Screen-Gdd) Supply Voltage ........................•• 27& volts 
Grid-No.2 Voltage .............................................. . See curve page 96 
Cathode Current ................................................• 22 mA 
Plate Dissipation ............................................... . 2.5 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts ..................... . 
,'For grid-No.2 voltages between 137.5 and 27& volts ........... . 

0.6 watt 
See curve page 96 

CHARACTERISTICS 
Plate Voltage ................................................... 120 volts 
Grid No.3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Connected to oa thode at socket 
Grid-No.2 Voltage ............................................... 125 volts 
Cathode-Bias Resistor ............................................ 68 ohms 
Plate Resistance (Appro".) ...................................... 18000 pmhos 
Transconductance. ............................................... 0.15 megohm 
Plate Current ................................................... 11.5 mA 
Grid-No.2 Current ............................................... 3.9 mA 
Grid-NQ.l Voltage (Appro".) for plate current of 20 pA .......... -3.5 volts 
Input Resistance at 44 MHz ..................................... 4000 ohms 
MAXIMUM CIRCUIT VALUE 
Grid-No.1 Circuit Resistance, for cathode-bias operation .......... . 0.5 megohm 

Refer to type 6KD8. 
Refer to type 6KE8. 

MEDIUM·MU TRIODE-
. ~HARP·CUTOFF PENTODE 

5KD8 
5KE8 

SLJ8 
4LJ8 

Miniature type used as combined vhf oscillator and 
mixer in television receivers, Outlines section, 6B; re­
quires miniature 9-contact socket. Type 4LJ8 is iden­
tical with type 5LJ8 except for heater ratings. 

9GF 

Heater Voltage (ac/de) .......................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average ................. . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ................................. . 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage . . ......... : ...................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input ................................. . 
Cathode Current ................................. . 
CHARACTERISTICS 

4LJ8 5LJ8 
4.3 5.6 
0.6 0.45 
11 11 

±200 max ±200ma';' 
100 max 100 max 

Triode Unit Pen lode Unit 
280 280 

o 
2 

20 

280 
See curve page 96 

o 
2 

0.5 
20 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 

volts 
watts 
watt 
mA 

Plate Supply Voltage ............................. 12& 125 volts 
Grid-No.2 Supply Voltage ......................... 125 volts 
Grid No.1 ........................... Connected to negative end of cathode-bias resistor 
Cathode-Bias Resistor . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 33 ohms 
Amplification Factor .............................. 40 
Plate Resistance (ApproK.) ........................ 5000 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8000 
Plate Current ................................... • 13 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

30 pA ......................................... . 
MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Cireuit Resistance: 

Fo[' fixed-bias operation .....................• 
For cathode-bias oepration ................... . 

Refer to chart at end of section. 

Refer to type 6T8A. 

Refer to chart at end of section. 

-6.5 

1.0 
0.5 

125000 
13000 

12 
3.5 

-4 

0.5 
0.25 

5T4 

518 
5U4G 

ohms 
JLmhos 

mA 
rnA 

volts 

megohm 
megohm 
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FULL-WAVE 
VACUUM RECTIFIER 5U4G8~ 01>0: :c 

NC 3 61>0, 

" 2. ·7 Ne 

I 8 

we " 
5T 

Glass octal type used in power supplies of ra:cilo.and 
color and black-and-white television reeel'1¢rs ha"Ving 
high dc requirements. Outlines section, 19E; iequIrcEis 
octal socket. This type may be supplied With pins 3, 
5, and 7 omitted. Vertical mounting is preferred; but 
horizontal mounting is permissible if pinsl and 4 are 
in vertical plane. The coated filament is designed to· 
operate from the ac line through a step-down tra:rtsformer.The voltage at 
the filament terminals should be 5 volts at an average line voltage of 117 
volts. It is especially important that this tube, like other power-handling 
tubes, be adequately ventilated. For discussion of Rating Chart and Opera­
tion Characteristics, refer to Interpretation of Tube Data. Filament: volts 
(ac), 5; amperes, 3. 

F~II-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ., ..............................•••• 
Peak Plate Current (Per Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) ............. . 
AC Plate Supply Voltage (Per Plate, I'ms) ........•...••.••••.•• 
Average Output Current (Per Plate) ..........................•• 

RATING CHART 

TYPE 5U4-GB 
E,'5 VOLTS AC 

MAXIMUM OPERATING VALUES WITH .. 

r CHg~~;~~~: _~~~ETR FILTER 

F A i~ I 
175 _ 

f--t. B, 
:::~75 __ --- -- '1\- C 

I 
I 

8 ..... _ -- --- -- -I- - 0 

• • 
• • • '450 G55 48 

o 100 200 300 400 500 600 
AC PLATE SUPPlY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

RCS·8450Tl 

TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ...... 600 
Filter-Input Capacitor* ........................ 40 
Total Effective Plate-Supply Impedance per Plate 21 
DC Output Voltage at Input to Filter (Approx.): 

{ 
l50mA .. . 

At half-load current of 137.5 mA ... . 
81 rnA .. . 

{ 
300mA .... .. 

At full-load current of 275 mA ..... . 
162 mA ..... . 

385 

290 

Voltage Regulation (Approx.): 
Half-load to full-load current ................ . 45 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ......... . 
Filter-Input Choke .......................... , .... . 
DC Output Voltage at Input to Filter (Approx.): 
At half-load current of f 174 rnA .....• 1 137.5 rnA ....•• 

At full-load current of { 348 mA ...... . 
275 mA ...... . 

Voltage Regulaton (Approx.): 
Half-load to full-loatl current .................. . 

900 
40 
67 

520 

460 

60 

900 
10 

355 

340 

15 

1550 volts 
1.0 ampel'e 

# 
See Rating Chart 
See Rating Chart 

1100 volts 
40 p.F 
97 ohms 

volts 
volts 

680 volts 
volts 
volts 

630 volts 

50 volts 

1100 volts 
10 h<nries 

volts 
455 volts 

volts 
440 volts 

15 volts 
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"" If hot switching is regularly required in operation, the use of choke-input circuits is 
recommended. Such ch'cuits limit the hot-switching cut'rent to a value no higher than that 
of the peak plate current. When capacitor .. input circuits are used, a maximum peak CUfl'ent 
value pel' plate of 4.6 amperes during the initial cycles of the hot-switching transient should 
not be exceeded. 
• Higher values of capacitance than indicated may be used, but the effective plate-supply 
impedance may havc to be increased to prevent exceeding the maximum rating for peak 
plate current. 

0 

OPERATION CHARACTERISTICS 
fULL -wAVE CIRCUIT CAPACITOR INPUT TO rlLTER 

TYPE 5 
Ef"=5.0 AC 
SUPPLY NCV = 80 CPS 
CAPACI INPUT TO FILTER: 40 UI' 
TOTAL EffeCTIVE PLATE-SUPPLY IMPEDANCE 

PER PLATE: 

g~~EI,', ~ at :a ~ :7 ~2 :7 
CURRENT-AND-VOlTAGE; BOUNDARY LINt 'DE,,'= 

SEE RATING CHART 

I~ 
!~, ....... --~ "'-
i~~ r-. -r---~ r--~ . ~ ~ ;::-r.-r--: ~ .. r-
~ 

r---"'-"'l. ~ ~ t-. 
:,~ 

t-
r-t-. I---~ 

-~. 
\ 

" DC l.OA~ "'LL'A"~ ~S .'0 
92CM-844fJT 

Refer to type 6USA. 

OPERATION CHARACTERISTleS 
F' LL WAVE CIRCUI~ CHOKE INPUT TO FILTER u -
TYPE 5U4-GB 
Ef"=S.oVOLTS AC SUPPLY F'REQUENCY=60CPS 
SOLID-LINE CURVES=CHOKES OF INFINITE 

INDUCTANCE 
LONG-DASH LINES=60UNDARY LINES FOR 

CHOKE SIZES AS SHOWN 
SHORT-DA5H CURVES=REGULATION CURVES 

FOR REPRESENTATIVE 
CHOKE SIZES , , 

CURRENT-AND-VOLTAGE BOUNDARY LINE C8A 
15 THE SAME AS SHOWN ON RATING CHART 

t-- r-- - I--

I--
1--: ASO!~:IN Cf'6/H _ 

I--

0 

~~" 

I (~~ 
~~?!( .:1 •• 

o • / .~ 
!!!!,TS RMS PER PL"T[.X . X ./ 8 

3 

IfHi. 
o. ><I. c.' 250 

';1~ 1200 

~ ~I " o 100 200 300 400 
DC LOAD MILLIAMPERES 

92CU-8447Tl 

Refer to types 6U9 and 6U9/ECF 200. 

5ua 
5U9 

5U9/LCF201 

Refer to chart at end of section. 5V3 

~
PD: ~c. 

NC 3 gPOI 

F 2 7 NC 

I 8 

FULL-WAVE 
VACUUM RECTIFIER SV3A 

NC F 

5T 

Glass octal type used in power supplies of color and 
black-and-white television receivers and other equip­
ment having high dc requirements. Outlines section, 
19E; requires octal socket. Vertical mounting is pre­
ferred, but horizontal mounting is permissible if pins 
2 and 4 are in vertical plane. It is especially important 
that this tube, like other power-handling tubes, be ade­

quately ventilated. For discussion of Rating Chart, refer. to Interpretation 
of Tube Data. Filament: volts (ac/dc), 5; amperes, 3. 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ...................................•• 
Peak Plate Current (Per Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) .......••.•••• 

1550 
1.4 
6.6 

volts 
amperes 
antpel'es 
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AC Plate-Suppl.v Voltage (Per Plate, nns, without load) ........• 650 volts 
Average Output Current (Per Plate) ........................... 4150 mA 
• With capacitor-input filter for ac plate-supply volts (rms, per plate, without load) = ,470. 
TYPICAL OPERATION 

Filter Input 
AC Plate-to-Plate Supply Voltage (rms) .........• 
Filter-Input Capacitor. . ................ , .......... . 
Effective Plate-Supply Impedance per Plate .......• 
Minimum Filter-Input Choke .....................• 
Average Output Current ......................... . 
DC Output at Input to Filter (Approx.) ...........• 
CHARACTERISTICS 

Capacitor 
850 

40 
50 

350 
440 

Tube Voltage Drop for plate current of 350 mA (per plate) .... 

Choke 
1000 

10 
350 
390 

42 

volts 
p,F 

ohms 
henries 

mA 
volts 

volts 
• When capacitor values greater than 40 p,F are used, the effective plate-supply impedance 
should be increased so that the maximum rating for peak plate current is not exceeded. 

5V4G 
5V4GA 

\!! 
~250 

f 
.. 200 

II! 
; ISO ... 
:3 
;; 100 

~ 
6 so 
u 
Q 

RATING CHART 

TYPE 5V3A MAXIMUM OPERATING VALUES WITH: 
E1'0:5 VOLTS AC r~HOKE-IHPUT FILTER 

~CAPACITOR-INPUT FILTER 

F A i I 8 
~5f" r--- I :"\. 
17'4_ -- I-- ~ ~\c 

I EI 

I :\ ~OL ---- -- -- 0 

I I 

I I 
55 ~f5 G 

o 100 200 300 400 500 600 700 800 
AC PLATE SUPPLY VOLTS IRMSI PER PLATEIWITHOUT LOADl 

tZCS-IOUITi 

FULL-WAVE 
VACUUM RECTIFIER 

Glass octal types used in full-wave power supplies hav­
ing high dc requirements. Outlines section, 25 and 
19B, respectively; require octal socket. The heater is 
designed to operate from the ac line through a step­
down transformer. The voltage at the heater terminals 

5L 

should be 5 volts under operating conditions at an ,average line voltage of 
117 volts. It is especially important that these tubes, like other power­
handling tubes, be adequately ventilated. Heater: volts (ac/dc), 5; am­
peres, 2. 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage .................................... . 
AC Plate-Supply Voltage (Per Plate, rms): 

With capacitor-input filter . : ..............................•• 
With choke-input filter ..................................... . 

Peak Plate Current (Per Plate) ............................... . 
Average Output Current ....................................... . 
TYPICAL OPERATION 

Filter Input 
AC PJate-to-Plate Supply Voltage (rms) .......• 
Filter-Input Capacitor* .......................... . 
Total Effective Plate-Supply Impedance per Plate .. 
Filter-Input Choke ...............................• 
DC Output Voltage at Input to Filter (Approx.): 

At output current of 175 mA ............... . 

Capacitor 
750 
10 

100 

410 

1400 volts 

375 volts 
500 volts 
525 rnA 
175 mA 

Choke 
1000 volts 

p,F 
ohms 

4 henries 

410 volts 

*.Higher values of capacitance than indicated may be used, but the effecth'e plate-supply 
impedance may have to be increased to prevent exceeding the maximum rating for peak 
plate current. 
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OPERATION CHARACTERISTICS 
FULL WAVE RECTIFIER CIRCUIT -

It ... 
~500 
l:! 
~.oo .. 
; ... 
<300 

'" ~ 
o 
>20 ... 
~ 

~ 

0 

~ 100 

U 

" o 

TY~E5V4-GA 
Ef' = 5.0 VOLTS 

_S~!:p~J~TeX~~5i=T~O,-TrT~R: I 
L:::4 HENR1E:S(MIN.) 

==}CAP~6~?rf"~~~~~~~~T~~:~~~t~: 
I IMREOA-NCE PE.R PLATE:::: 

3~S ,l '001 OHMS 

-~{7S 
_ .500 ~§!.S Pt~ p.1 .• .d-r--

-r-- ". LA7t 
~Qo '" 

.. lc:"' ~ C~... ~_ 
-,..~ 

"',:,:",r::=L-
200_ . . .. 

- -

o 50 100 '50 200 
DC: LOAD MILLIAMPERES 

92CM-6090T2 

Refer to type 6V6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6XB. 

Refer to chart at end of section. 

FULL-WAVE 

5V6GT 

5W4 
5W4GT 

5X4G 

5X8 

5Y3G 

SY3GT 

131 

"D2 VACUUM RECTIFIER 0 6 po, Glass octal type used in power supplies of radio and 
television equipment having moderate dc requirements. 
Outlines section, 13E; requires octal socket. Vertical 

r 2 mounting is preferred, but horizontal mounting is per-
,8 missible if pins 2 and B are in horizontal plane. It is 

NC r especially important that this tube, like other power-
5T handling tubes, be adequately ventilated. For discussion 

of Rating Chart and Operating Characteristics, refer to Interpretation of 
Tube Data. Filament: volts (ac), 5; amperes, 2. 

Full·Wave Rectifier 
MAXIMUM RATINGS (Design·Center Values) 
Peak Inverse Plate Voltage .................................. .. 
Peak Plate Current (Per Plate) ............................... . 
Hot.Switching Transient Plate Current (Per Plate) ............ . 
AC Plate Supply Voltage (Per Plate, rms) .....................• 
DC Output Current (Per Plate) ............................... . 

TYPICAL OPERATION WITH. CAPACITOR INPUT TO FILTER 
AC Plate·to·Plate Supply Voltage (rms) .......... 700 
Filter Input Capacitor* ....................... : . • 20 
Effective Plate-Supply Impedance per Plate .....• 50 
DC Output Voltage at Input to Filter (Approx.): .. 

At half.load current of i 62.5 mAo ........ .. .. 42 mA ........ .. 
At full.load current of 125 inA ••.......• 

84 mA ......... . 
Voltage Regulation (Approx.): . 

Half·load to full· load current ................. . 

390 

360 

40 

1400 volt. 
440 mA 
2.5 amperes 

1000 
10 

140 

610 

560 

60 

See Rating Chart 
See Rating Chal't 

volts 
p.F 

ohms 

volts 
volts 
volts 
volts 

volts 
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~ 
it 
0: 

II! ., eo 
"' ~ 
~ 60 

::I 
~40 
::> ... ... 
~ 20 
u 
o 

RATING CHART 

TYPE 5Y3-GT II T T E,'5 VOLTS AC 

~ MAXIMVM OPEIIATING VALVES WITH_ 

F A 

r CHOKE-INPUT FILTER 
rCAPACITOR-INPUT FILTER 

I r--. ~ 
ai" 
~c 62,~ --- b-.k, 

I I 

~D I I 
39.5 I 
-r -- --- ,-

I I 
I I 

I I 
I I 
6 35 G 

o 100 200 300 400 500 

--~" 

-

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 
'2C$-7~9~TI 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC PIate-to-Plate Supply Voltage (rma) ......... . 
Filter Input Choke# ............................. , 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of t' 75 rnA ......... . 62.5 rnA .........• 
At full-load current of 150 rnA" .......... . 

. 125rnA ......... . 
Voltage Regulation (Approx.): 

Half-load to full-load current .....•.•.•..•••• 

7()0 
10 

270 

245 

25 

1000 
10 

405 

.380 

15 

volts 
henries 

volts 
volts 
volts 
volts 

volts 

<)PERATION CHARACTERISTICS 
FULL - WAVE CIRCUrt CAPACITOR INPUT ,0 FIL. TEA 

OPERATION CHARACTERISTICS 
<FULL-WAVE CIRCUIT CHOKE INPUT TO FILTER 

,YPE 5Y3-GT E-I'= 5.0 VOLTS AC 
FIL TER-INPU, CAPACI"TOR 

t1001---j1--I--I = 10Jl-l'. . 
,OTAL EFFEC'. PLATE-I 8-. SUPPLY IMPEDANCE PER 

~ ",,_I-- {50 OHMS FOR 
~ PLA,E CURVES 1'5 

...... I-... . 140 O~JI.~E~~'e 
'600 7, . ....... AOK= SEE RATING 

~ I -"""'""A CHART' 0 

II: 

~ 6~ r.......L \ 
k: 5oo~~0- I-....~ 
g I'~ 

.!; ~~ s;:::>.- ''\ 
~40 ....... 1-""'" ,\ 
~ 0 ~ F::::: 
~ ~ v~ 1--1-. D-J--
~ 3~ ~'"- ~ . 
... 300~~O' Fol:t.P ATt 0' . 
:> I "........ '.' ........ ~. 
.~ ~ -1;.;..1. . .......:1: -....""-'~-I---II-I-'-I---l1 
o~Oo . ~i-.-~ 

:, "I: ~f.....' 'I c-N 
"'200 

i 

I,.~." ; ':---:--.: __ , ;' .• ;' 

! 
, 

il , I 
!l il i 
!. i 
" ·40 80 120 
DC 1..9AI> MILLIAMPERES 

. ~ 

;. \K 

" ,.92CM":7~'J 

TYPE 5Y3-GT E-I'=5.0 VOLTS AC 
--CHOKES OF INFINITE 

VOOIL--l--+--< INDUCTANCE 
----·CHOKES or VALUES 

~~~'+-+--I- -~~~~~ARY LINE rOR 
\\ CHOKE VALUES SHOWN 
" CEK=SEE RATING 

600 \I y . CHART 

\\\", ~ 
i-I411"',-f.,":"',+--'--I 0 AS S~OWN T 161'0-1' 
1\, \ ~~, 

'0:: 0' \ \ , ,-"y 
~50,,\, ,,' 
'I: l\ \ r:,'O~, " 

, '.', Y\: ' ,I' \-6\'0 'c::i~ ' .. .I .... , / 
'.~400 Rill 7r\c. 
~ Ii, I.,.~IL 1\ 

.~ \' ~~~s ERI. ATE \I/~ 

.~ 300 \ .. ' I I 

~ \~' [7-f7-.t--,ll [7 [\ 
,~ \;0', "" ~~ 1/ . 1E 
a 2OO)~'~h~I--J~~:;~=:::j,==~4-~ 

'f~ ]/,~r. .~ 
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• Higher values of ca-pacitance than indicated may be used but the effective plate supply 
impedance may have to be increased to prevent exceeding the maximum rating for hot­
switching transient plate current. 
# This value is adequate to maintain optimum regulation in the region to the right of 
line L = 10H on curve OPERATION CHARACTERISTICS with Choke Input to Filter. 
provided the load currents are not less than 36 rnA and 60 mA, respectively, for plate-to­
plate supply voltages of 700 and 1000 volts (rms). 

Refer to chart at end of section. 

Refer to chart at ~nd of section. 

Refer to chart at end of section. 

Refer to chan at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of. section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

HIGH-MU TRIODE 

5Y4G 
5Y4GA 
5Y4GT 

5Z3 
5Z4 
6A3 
6A6 
6A7 
6A7S 
6A8 

6A8G 
6A8GT 

6AB4 
•

H 4 SNC 

H .'. co 
3 . 6 

2 1 
~s K 

I 
P 

Miniature type used as cathode-drive amplifier, fre­
quency converter, or oscillator at frequencies up to 
300 MHz in television and FM receivers. Outlines sec­
tion. 50; requires miniature 7-contact socket. Heater: 
volts .(ac/dc), 6.3; amperes, 0.15. For maximum ratings, 

seE characteristics, and curves, refer to type 12AT7. 

Refer to chart at end of section. 6AB5/6N5 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HIGH-MU TRIPLE TRIODE 

6AB7 
6AC5GT 

6AC7 

6AC10 

12FE 

Duodecar type used in matrixing (color-difference) 
circuits of color television receivers. Outlines section, 
8C; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.6; average warm-up time, 11 
seconds; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Cathode-Bias Resistor ........................................... . 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) .................................... .. 

330 
2 

200 
150 

62 
10700 

volts 
watts 

volts 
ohms 

ohms 
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T~anscond:ucta,nce .... ~ ~ ......•.................................. 
Plate . Current ...................................................• 
Grid Voltage (approx.) for plate current of 100 p.A .............•• 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance 

5800 
9 

-5 

0.5 

6AD6G 

6AD7G 

Refer to chart at end of section. 

·Refer to chart at end of section. 

6AD10 BEAM POWER TUBE­
SHARP-CUTOFF PENTODE 

Duodecar type used as FM detector and audio-fre­
quency output amplifier in color and black-and-white 
television receivers. Outlines section, 8B; requires 
duodecar 12-contact socket. 
Heater Voltage (ac/de) ......................................... . 
Heater Current ................................................. . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average vallIe .............................................. . 

Direct Interelectrode Capacitances: 
Beam Power Unit: 

Grid No.1 to Plate .........................................• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ......................................•• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Interna.! Shield ....................................... . 
Pentode Unit: 

Grid No.1 to Plate .........................................• 
Grid No.3 t.o Plate .............................. . ........• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .......................................• 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, Plate, 

and Internal Shield ...................................... . 
Grid No.1 to Grid No.3 ..................................... . 

Plate of Beam Power Unit to Plate of Pentode Unit .......... . 

Beam Power Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................• 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................• 
TYPICAL OPERATION 
Plate Voltage .................................................•• 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................. . 
Maximum-Signal GridcNo.2 Cm-rent ............................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .... , ......................................... . 
Load Resistance ....... . ....................................... . 
Total Harmonic Distol'tion ...................................... . 
MAXIMUM CIRCUIT VALUES 
Maximum·,Signal Power Output ..........•..............•........ 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ............................•......... 
For cathode-bias operation .................................. . 

Pentode Unit as Class Ai Amplifier 
CHARACTERISTICS 

12EZ 
6.3 

1.05 

±200 m.ax 
100 max 

0.26 

11 

11 

0.024 
3.4 

S 

9.5 
0.12 
0.34 

275 
275 

10 
2 

250 
250 
-8 

S 
35 
39 

2.5 
7 

0.1 
6500 
5000 

10 

4.2 

0.25 
0.5 

",YnhO!! 
rnA 

v"lts 

volt. 
llimperes 

volts 
"Volts 

pF 

I!F 

pF 

p}' 

pF 
pF 
pF 

volts 
volts 

".,atts 
watts 

"olt. 
volts 
wolt. 
volts 

rnA 
rnA 
rnA 
rnA 

megohm 
limhos 

ohms 
per cent 

Wbtt .. 

megohm 
megohm 

Plate Supply Voltage ...•.•...................................... 150 volts 
Grid No.3 (Control Grid) ........•........... Connected to negative end of cathode resistor 
Grid-No.2 (Screen-Grid) Voltage ................................. 100 volts 
Grid No.1 (Control Grid) •••......•.......... Connected to negative end of cathode ~esistor 
Cathode-Bias Resistor •....•••...•................................ 180 ohms 
Plate Resistance (ApPl·O".) ...................................... 0.11 megohm 
Transconductance, Grid No.1 to Plate ...... ,..................... 3400 Il.mhos 
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Transconductance. Grid No.3 to Plate ......•...•.•............••.. 
Plate Current .................................................•• 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 /LA .........• 
Grid-No.3 Voltage (Approx.) for plate current of 20 /LA ......... . 

Pentode Unit as FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..................................................• 
Gl'id-No.3 Voltage: 

Negative-bias value ......................................... . 
Positive-bias value .......................................... . 

Grid-No.2 Supply Voltage ....................................... . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 Voltage: 

Negative-bias value ......................................... e 

Positive-bias value ......................................... . 
Plate Dissipation ............................................... . 
Grid-No.3 Input ................................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts .......................• 
F'Ol' grid-No.2 voltages between 150 and 300 volts ............. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance .................................... . 
Grid-N o.l-Circuit Resistance: 

For fixed-bias operation ..................................... . 
For cathode-bias operation ................................. , 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HALF-WAVE 
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600 itmhos 
3.2 mA 
3.2 mA 

-4.~ volts 
-1 volts 

300 volts 

-100 volts 
26 volts 

300 volts 
See curve page 96 

-so 
o 

1.7 
0.1 

volts 
volts 

watts 
watt 

1 watt 
See curve page 96 

0.68 

0.22 
0.47 

megohm 

megohnj 
megohm 

6AE5GT 

6AE6G 

6AE7GT 

6AF3 
12AF3 

9ca 

Miniature type used as a damper tube in horizontal­
deflection circuits of television receivers. Outlines sec­
tion, 7C; requires miniature 9-contact socket. Socket 
terminals I, 2, 3, 6, 7, and 8 should not be used as tie 
points. It is especially important that this tube, like 
other power-handling tubes, be adequately ventilated. 
Type 12AF3 is identical with type 6AF3 except for 
heater ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current 
Heater Warm-up Ti~~' (A-';~r-';i~)' . : : :: : : : : : : : : : : : : . 

Damper Service 

6AF3 
6.3 
1.2 

For operation in a 525-line. 3D-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ., ................................. . 
Peak Plate Current ........................................... . 
AVe1'age Plate Current ., ... , .. "., ............................ . 
Bulb Temperature (At hottest point) ........................... . 
Heater-Cathode Voltage: 

12AF3 
12.6 

0.6 
11 

4500 
750 
186 
210 

volts 
amperes 
secondS 

volts 
mA 
mA 

·C 

Peak value .,', .............................. . +300 -4500 volts 
Average valu.e ............................... . +100 -1000 volt. 

"" Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

~
4 SK 

H 3 6 G 

G 2 7 P 

pI 

1DK 

MEDIUM-MU TRIODE 
6AF4 

6AF4A 
ZAF4B, 3AF4A 

Miniature types used as local oscillators in uhf tele­
vision receivers covering the frequency range of 470 
to 890 MHz. Outlines section, 5C and 5B, respectively; 
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require miniature 7-contact socket. Types 2AF4B and 3AF4A are identical 
with type 6AF4A except for heater and heater-cathode ratings. 

Heater Voltage (ae/de) ..................... . 
Heater Current ..............................•. 
Heater Warm-up Time (Average) ............ :. 
Heater-Cathode Voltage: 

2AF4B 
2.35 

0.6 
11 

3AF4A 
3.15 
0045 

11 

Peak value ................................ ±180 max ±50 max 
Average value ......... '.. . . . . . . . . . . . . . . . . . . 100 max 25 max 

Direct Interelectrode Capacitances:. 
Grid to Plate ............................................. . 
Grid to Cathode and Heater ................................. . 
Plate to Cathode and Heater ...............................• 
Heater to Cathode (External Shield connected to plate) ....•. 

• With external shield connected to cathode, except as noted. 

Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ......................................... . 
Cathode-Bias Resistor ......................................... . 
Amplification Factor .......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................ ' .................. . 

60,~=-r---r--'r--'r-T-Y-P-E~6~A~F~4~A 

UHF Oscillator 
MAXIMUM RATINGS (Design-Maximum Values) 

92CS-7756TI 

Plate Voltage .................................................• 
Grid Voltage, Negative-bias value .; ........................... . 
Grid Current .................................................. . 
Plate Dissipation ..............................................• 
Average Cathode Current ....................... ' ............•••• 
TYPICAL OPERATION AS OSCILLATOR AT 1000 MHz 
Plate Supply Voltage .......................................... . 
Plate ResistOr ................................................. . 

6AF4 
6AF4A 

6.3 volts 
0.225 amp~re 

seconds 

±50 max volts 
25 max volts 

1.9 pF 
2.2 pF 
1.4 pF 
2.2 pF 

80 volts 
150 ohms 

13.5 
2100 ohms 
6500 I'mhos 
17.5 mA 

150 volts 
-50 volts 

2 mA 
2.5 watts 
24 rnA 

100 volts 
220 ohms 

Grid Resistor .................................................•. 
Plate Current, .................................................• 

10000 ohms 

Grid Current (Approx.) ...................................... .. 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ..................................... ' 
J<'or cathode-bias operation ................................ .. 

17 rnA 
750 I'A 

Not recommended 
0.5 megohm 
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~
IICA 4 STA ELECTRON-RAY TUBE 6AF6G 

3 Glass octal type used to indicate visually, by means of 
ACe --- --- two shadows on the fluorescent target, the effects of 

H 2 7 H changes in the controlling voltages. It is a twin-indi-
cator type and is used as a convenient means of indi-

Ne J e eating accurate radio-receiver turning. This type may 
7AG be supplied with pin No. 1 omitted. Tube requires octal 

socket. Heater: volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indi­
cator service: fluorescent-target volts, 250 max, 125 min; ray-control­
electrode supply volts, 250 max; peak heater-cathode volts, 90 max. Typical 
operation: fluorescent-target volts, 250; fluorescent-target rnA, 3.75; ray­
contact-electrode volts (approx. for 00 shadow angle), 155; ray-control­
electrode volts (approx. for 100 0 shadow angle), O. 

H H DUAL PENTODE 6AF9 

KP2,G3PZ 2 
G3PI,IS 

61J 

Miniature type used in television receiver applications. 
Unit No.1 is used as a video output pentode, and unit 
No.2 as a sound if amplifier, age amplifier, or sync 
separator. Outlines section, 6L, except has 10-pin base; 
requires miniature 10-contact socket. 

Heater Voltage (ac/dc) ........................................ . 6.3 
Heater Current ................................................ . 0.85 

±200 max 
Unit No.2 

11 

Peak Heater-Cathode Voltage ................................. . 
Direct Interelectrode Capacitances: 

Plate to All Other Electrodes (except grid No.1) 
Grid No.1 to All Other Electrodes (except plate) 

Unit No.1 
7 

Plate to Grid No.1 ........................... . 
Grid No.1 to Heater ......................... . 
Plate of Unit No.1 to Plate of Unit No.2 ..... . 
Grid No.1 of Unit No.1 to Grid No.1 of Unit 

No.2 ..................................... . 
Plate of Unit No.1 to Grid No.1 of Unit No.2 .. . 
Plate of Unit No.2 to Grid No.1 of Unit No.1 .. 

Class Ai Amplifier 

12 
0.105 

10 
0.140 
0.140 

0.150 max 

0.010 max 
0.100 max 
0.005 max 

MAXIMUM RATINGS (Design·Maximum Values) Unit No.1 Unit No.2 
550 
250 
550 
250 

Plate Supply Voltage.... .......................... 550 
Plate Voltage .................................... 250 
Grid-No.2 (Screen-Grid) Supply Voltage.. .......... 550 
Grid-No.2 Voltage ................................. 250 
Cathode Current .................................. 60 
Plate Dissipation .................................. 5.1 
Grid-No.2 Input ................................ . . 2.5 
CHARACTERISTICS 
Plate Voltage ..................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Mu Factor, Grid No.1 to Grid No.2 ............... . 
Internal Resistance ............................... . 
Transconductance ................................. . 
Plate Current ................................... . 
Grid-No.2 Current ................................ . 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance .....................• 

170 
170 

-2.6 
38 

0.032 
22000 

30 
7.2 

15 
1.5 
0.5 

150 
150 

-2.1 
38 

0.16 
8500 

10 
3.0 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 

pF 
pF 
pF 

volts 
volts 
volts 
volts 

rnA 
watts 
watts 

volts 
volts 
volts 

megohm 
pmhos 

mA 
mA 

megohm 
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6AFl1 
. 15AFll 

,DUAL TRIODE­
SHM~p-CUTOff PENTODE 

Duodecar type used in television receiver applications. 
The high-mu triode unit is used for agc keyer service, 
the medium-mu triode unit for sync separator service, 
and the pentode unit for video amplifier service. Out­
lines section, 8C; requires duodecar 12-contact socket. 
Type 15AFll is identical with type 6AFll except for 
heater ratings. 

Heater Voltage (ae/de) ................... " ...•• 
Heater CUl'rent .................................. . 
Heater Warm-up Time (Average) ...............•. 
Heater-Cathode Voltage: 

6AFll 
6.3 

1.05 

15AFll 
14.7 
0.45 

11 

volts 
amperes 
seconds 

'Peak value .................................. . 
Average value ............................... . 

±200 max ±200 max 
100 max 100 max 

volts 
volts 

Class At Amplifier 
Triode Triode Pentode 

MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 Unit No.2 Unit 
Plate Voltage ................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ....... . 
Gl·id-No.2 Voltage ............................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-

bias vallIe ..............................••• 
Plate Dissipation .............................• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .....• 
For grid-No.2 voltages between 165 and 330 

volts ...................................• 
CHARACTERISTICS 
Plate Supply Voltage .........................• 
Grid-No.2 Supply Voltage ..................... . 
Grid-No.1 Voltage •............................ 
Cathode-Bias Resistor ......................... . 
Amplificatiou Factor .......................... . 
Plate Resistance (Approx.) .................... . 
Tl'ansconductance .......................•....• 
Plate Cm'rent ................................ . 
Grid-No.2 Current ............................ . 
Grid"No.l Voltage (Approx.) for plate current 

of 100 pA ..............................•• 
MAXIMUM CIRCUIT VALUES 
Gl·id-No.1-Circuit Resistance: 

For fixed-bias operation ..•................• 
For cathode-bias operation ...............•• 

330 330 

0 0 
1.1 2 

200 200 

-2 
220· 

68 41 
12400 9400 

5500 4400 
7 9.2 

-6.5 

0.5 0.5 
1 1 

6AGS SHARP-CUTOff PENTODE 
Miniature type used in compact radio equipment as an 
rf or if amplifier up to 400 MHz. Outlines section, 5C; 
requires miniature 7-contact socket. For typical opera­
tion as a resistance-coupled amplifier, refer to Resist­
ance-Coupled Amplifier section. 
Heater Voltage (ac/dc) ......................................••• 
Heater' Current .............................................•..• 

Direct Interelectrode Capacitances: 
Pentode Unit: 

Grid No.1 to Plate ......................................••• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................•••• 
Plate to Cathode, Heater, Grid No.2, Grid No.3. 

and Internal Shield ....................................•• 
Triode Unit: 

Grid No.1 to Plato and Grid No.2 .........................• 
Grid No.1 to Cathode, Heater, Grid No.3, and Internal Shield • 

330 volts 
330 volts 

See CUl've page 96 

0 volts 
5 watts 

1.25 watts 

See curve page 96 

250 volts 
150 volts 

volts 
100 ohms 

68000 ohms 
11000 pmhos 

24 mA 
4.8 rnA 

-10 volts 

0.25 megohm 
1 megohm 

~
lI4 sP 

II 3 . 6 G2 

. ---
K --- K 
G3 27 G3 
1$ II? 

G. • 

7SD 
6.3 volts 
0.3 ampere 

0.030 max pF 

6.5 pF 

1.8 pF 

2.5 pF 
3.6 pF 
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Grid No.2 to Cathode. Heater. Grid No.3. and Internal Shield • 
Plate to Cathode. Heater. Gl'id No.3. and Internal Shield ..• 

Class A, Amplifier 
Triode 

3 
3 

Pentode 

139 

pF 
pF 

MAXIMUM RATINGS (Design·Center Values) Conneetion* Connection 
Plate Voltage ..................................•• 
Grid-No.2 (Screen-Grid) Supply Voltage .........• 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation ........ _ ....................... . 

300 300 volts 
300 volts 

See curve page 96 
0 0 volts 

2.5 2 watts 
Gl'id-No.2 Input: 

For grid-No.2 voltage. up to 160 volts ........ . 0.5 watt 
For grid No.2 voltages between 150 and 300 volts See curve page 96 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 180 250 100 125 250 volts 
Grid-No.2 Supply Voltage ....................... . 100 125 150 volts 
Cathode-Bias Resistol' ....................... . 330 820 180 100 180 ohms 
Amplification Factor ............................. . 45 42 
Plate Resistance (App,·ox.) ....................... . 0.008 0.01 0.6 0.5 0.8 megohm 
Transconductance ................•................ 5700 3800 4500 5100 5000 p,mhos 
Plate Current .................................... . 7 5.5 4.5 7.2 6.5 mA 
Grid-No.2 Curl'ent ............................... . 1.4 2.1 2.0 mA 
Grid-No.1 Voltage (App)·ox.) f01' plate eUrl'ent of 

10 p,A .......................•• -5 -6 -8 volts 

• Grid No.2 conneoted to plate. 

POWER PENTODE 6AG7 

8Y 

Metal type used in output stage of video amplifier of 
color and black-and-white television receivers. Outlines 
section, 2B; requires octal socket. 

Heater Voltage (ae/de) ..................................••..•• 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage ................................. . 
Direct Interelectrode C ... pacitances:-

Grid No.1 to Plate ......................................•• 
Grid No.1 to Cathode, Heatel'. Grid No.2. Grid No.3. Shell. 

and Internal Shield ............................... , ..... . 
Plate to Cathode. Heater. G"id No.2. G"id No.3. Shell. 

and Internal Shield ., .................................••• 

• Pins 1 and 3 connected to Pin No.5. 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage .................................................• 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 Volta.ge. Positive-bias value ......................... . 
Plate Dissipation .............. , ............................... . 
Grid-No.2 Input ., ............................................. . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid No.3 (Suppl'essor G)·jd) ............................ Connected 
Grid-No.2 (Scl'een-Gl'id) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ................ , .................... . 
Zero-Signal Grid-No.2 Cut'I'ent ................................. . 
Maximum .. Signal Grid-No.2 C1U'1'ent ............................. . 
Zero-Signal Grid-No.2 CUl')',mt ................................. . 
Maximum-Signal Grid-No.2 Current ............................• 
Plate Resistance ...........................................•..• 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ...................................••• 
Maximum-Signal Power Output ................. , .............•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resist.ance: 

For fixed-bias operation ...................................• 
For cathode-bias (Op€l'ation ., ...... , ........................ . 

6.8 
0.65 
±90max 

0.06 max 

13 

7.5 

300 
300 

o 
9 

1.5 

300 
to cathode 

160 
-3 

3 
30 

30.5 
7 
9 

0.13 
11000 
10000 

7 
3 

0.25 
1 

volts 
ampel'e 

volts 

pF 

pF 

pF 

volts 
volts 
volts 

,vatts 
watts 

volts 
at socket 

volts 
volts 
volts 

rnA 
mA 
mA 
mA 

megohm 
p,mhos 
. ohms 

per cent 
watts 

megohm 
megohm. 
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6AGll TWIN DIODE-TWIN TRIODE 

Duodecar type containing two diodes and two high­
mu triodes, used primarily in FM stereo mUltiplex 
service. Outlines section, SA; requires duodecar 12-
contact socket. Heater: volts (ac/dc), 6.3; amperes, 
0.75; maximum heater-cathode volts, ±200 peak, 100 
average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .: ............................................... . 
Plate Dissipation .......................................... : ... . 
CHARACTERISTICS 
Plate Voltage ...................................... : .......... . 
Grid Voltage .................................................. . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid Voltage .• (Approx.) for plate current of 30 p.A ....... : ..•.•• 

Diode Units (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current .................................................• 
CHARACTERISTICS 
Tube Voltage Drop for plate current of'18 mA .................• 

330 
2 

125 
-1 

66 
8500 
7800 

7.5 
-5 

Ii 

Ii 

12DA 

volts 
watts 

volts 
volt 

ohms 
JLmhoo 

mA 
volts 

rnA 

volts 

6AH4GT 
6AH6 

Refer to chart at end of section. 

Refer to chart at end of section. 

6AKS 
6AKS/ 

EF9S 
SHARP-CUTOFF PENTODE 

Miniature types used as rf or if amplifiers especially 
in high-frequency wide-band applications at frequen­
cies up to 400 MHz. Outlines section, 5B; require min­
iature 7-contact socket. 
Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage ................................. . 
Direct Interelectrode Capacitances (Approx.):' 

Grid No.1 to Plate .......................................••• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......... : ............................•••• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... " 

• With external shield connected to pin 2 or 7. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ..... , ........................................... . 
Grid-No.2 (Screen-Grid) Voltage ............................... .. 
Grid-No.2 Supply Voltage ...................................... . 
Grid-No.1 Voltage, Positive-bias value .......................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts ...................... . 
For grid.No.2 voltages between 90 and 180 volts ...........• 

Cathode Current ...............................................• 
CHARACTERISTICS 
Plate Supply Voltage ............................ 120 
Grid-No.2 Supply Voltage .... ........ ..... ........ 120 

*4 sP 

H3 6 C2 

1\ --- . K 
(;3~' 7C3 
IS IS 

I 
(;1 

7BD 

6.3 volts 
0.175 ampere 
±90 max volts 

0.02 max pF 

4.0 pF 

2.8 pF 

180 volts 
See curve page 96 

180 volts 
o volts 

1.7 watts 

0.5 watt 
See curve page 96 

18 mA 

180 
120 

volts 
volts 



TECHNICAL DATA 

Cathode-Bias Resistor ............................ . 
Plate Resistance (Approx.) ...................... . 
'rransconductance ..............................••• 
Plate Current ...................................• 
Grid-No.2 Current ........................ . .....• 
Grid-No.1 Voltage for plate current of 10 /LA •••••• 

180 
0.3 

5000 
7.5 
2.5 

-8.5 

H 
HALF-WAVE 

VACUUM RECTIFIER 

180 
0.5 

5100 
7.7 
2.4 

-8.5 

141 

ohms 
megohm 

"mhus 
rnA 
rnA 

"ults 

6AL3 

9ca 

Miniature type used as damper tube in horizontal-de­
flection circuits of black-and-white television receivers. 
Outlines section, 7D; requires miniature 9-contact 
socket. Socket terminals 1, 2, 3, 6, 7, and 8 should not 
be used as tie points. It is especially important that 
this tube, like other power-handling- tubes, be ade­
quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
1.55. 

Damper Service 
For operation in a 525-Iine, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage# (Absolute maximum) .............. . 
Peak Plate Current ...... , ...................... ; .......... , .... . 
Average Plate Current ........................................ . 
Plate Dissipation .,', .. , ............................. : ....... ~ .• 
Peak Heater-Cathode Voltage .... , ......... , .................. . 
o Under no circumstances should this absolute value be exceeded. 

7500· 
550 
220 

5 
6600 

volts 
mA 
mA 

watts 
volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

H 6AL5 
'lt~4 5

11D
: IS TWIN DIODE 3ALS,12ALS 

Miniature, high-perveance type used as detector in PM 
and television circuits, especially as a ratio detector in 

,PD2 2 I . 7 PD~ ac-operated FM receivers. Each diode section can be 
used independently of the other, or the two sections 

/I .1 can be combined in parallel or full-wave arrangement. 
68T Resonant frequency of each unit is approximately 700 

MHz. Outlines section, 5B; requires miniature 7-contact socket. Types 3AL5 
and 12AL5 are identical with type 6AL5 except for heater ratings. 

Heater Voltage (acldc) ................... . 
Heater Current ., ...... , ...... , ............ . 
Heater Warm-up Time (Average) .......... . 
Peak Heater-Cathode Voltage, .............. . 
Direct 'Interelectrode Capacitances: 

3AL5 
3.11i 

0.6 
11 

±330 max 

6AL5 
6.3 
0.3 

±330max 

Plate No.1 to Cathode No.1, Heatel', and Internal Shield : .. . 
Plate No.2 to Catbode No.2, Heater, and .Internal Shield ... . 
Cathode No.1 to Plate No.1, Heater, and Internal Shield ... . 
Cathode No.2 to Plate No.2, Heater, and. Internal Shield .... . 
Plate No.1 to Plate No.2 ...................... , ............ ·• 

". Half-Wave' Rectifier 
MAXIMUM. JtATINGS (Design-Center Values) . ... . 
Peak InverSe Pla,te Voltage ... : ........ :\ .. ; ............ .' ...... . 
Peak Plate Current (Per Plate) .; ......... , ................... .. 
Average Output Current (Per .Plate) ...........................• 
YY.PICAL OPERATiON . . . . -
AC Plate Voltage per Plate (rms) ................ , ............. .. 
:t4in. Total Effective Plate-Supply Impedance, per 'Plate . " ........• 
Averag, ()lltput Current per Plate ..... " ... ,' . ..:; ........... .' .. ~ .... '" 

12AL5 
12.6 volts 
Q.15 ampere 

seconds 
±330max volts 

2.5 pF 
2.5 pF 
3.4 pF 
3.4 pF 

0.068 max pF 

330 volts 
54 rnA 
9 rnA 

117 volts 
800 ohms 

II rnA 
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AVERAGE CHARACTERISTICS 
HALF-WAVE RECTifiCATION SINGLE 010011 -

TYPE6AL5 1 
Ef'=6.3 VOLTS I 

I 

~ffo ~ 'd1;:: 

~1- tt I 

,..r- ~ 0 

i'-1~ I :1:\ ~,I :; ~ ,\ . 

.. It, 
Z 0t"!- I-

r- r-'- I-~ ~ ~OOJ- I-
r- - ~ 'b of. 

I-r« ~~-
~ "0 

4 

r-.. , /1'\ .. 
I ~ "\ II'" 
I- '-/.a ~ol1r-.. ~IIJ 
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6Al7GT Refer to chart at end of data section. 

6ALll 
lOALll, 12ALll 

BEAM POWER TUBE­
SHARp·CUTOFF PENTODE 

Duodecar type used as FM detector and audio-fre­
quency output amplifier in television receivers. Outlines 
section, 8C; requites duodecar 12-contact socket. Types 
10ALl1 and 12ALll are identical with type 6ALll ex­
cept for heater ratings. 

Heater Voltage (ac/de) ..................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

6ALlI 
6.3 
0.9 

10ALll 
9.8 
0.6 
11 

12BU 
12ALll 

12.6 
0.45 

11 

Peak value ............................. ±200 max ±200 max ±200 max 
Average value .......................... 100 max 100 max 100 max 

Direct Interelectrode Capacitance: 
Beam Power Unit: 

Grid No.1 to Plate ......................................•••• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .................................••••• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ...... ' ............................... . 
Pentode Unit: 

Grid No.1 to Plate ....................................••.• 
Grid No.3 to Plate ......................................••• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3. 

and Internal Shield ....................................•• 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, 

Plate, and Internal Shield ...... ; ........................• 
Grid No.1 to Grid No.3 .................................... . 

Pentode Plate to Beam Power Plate ......................... . 

Beam Power Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................ .. 
Grid-No.2 (Screen-Grid) Voltage .............................. .. 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................ ; .............. .. 

0.26 

11 

12 

0.034 
3..2 

6.5 

7.5 
0.24 
0.12 

275 
275 
10 

2 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 
pF 

pF 

pF 
pF 
pF 

volts 
volts 

watts 
watts 



TECHNICAL DATA 

TYPICAL OPERATION 
Plate Voltage ...............................•.....•.••...••.•• _. 
Grid-No.2 Voltage ..............................................• 
Grid-No.1 (Control-Grid) Voltage ..............................• 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate CUl'l"ent .....................................• 
Maximum-Signal Plate CUl'rent ................................ . 
Zero-Signal Grid-No::! CUl'l'ent ................................. . 
Maximum-Signal Grid-No.2 Current ...........................• 
Plate Resistance (App~ox.) ...................................• 
Transconductance ..............................................• 
Load Resistance ...............................................• 
Total Harmonic Distortion .....................................• 
Maximum-Signal Powel' Output ...............................• 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias opel'ation ................................. . 

Pentode Unit as Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Grid-No.3 (Suppressor-Gl'id) Voltage ........................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (ApPl·OX.) .................................. .. 
Transconductance, Grid No.1 to Plate .......................... . 
Transconductance, Grid No.3 to Plate .......................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Appl'ox.) for plate current of 30 /LA .....••• 
Grid-No.3 Voltage (ApPl·OX.) ·for plate .CUl·rent of 50 /LA" .....••• 

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ..................................................• 
Grid-No.3 Voltage ............................................. . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ......... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .......................• 
For grid-No.2 voltages between 165 and 380 volts ............ . 

H 

Refer to chal't at end of section. 

Refer to chart at end of section. 

DIODE­
SHARP-CUTOFF PENTODE 
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250 volts 
250 volts 
-8 volts 

8 volts 
35 rnA 
39 mA 

2.5 rnA 
7 mA 

0.1 Tilegohm 
6500 JLmbos 
5000 ohms 

10 pel' cent 
4.2 watts 

0.25 megohm 
0.5 megohm 

150 volt. 
0 volts 

100 volts 
560 ohms 

0.15 megohm 
1000 ,u.mhos 
400 JLmh"s 
1.3 mA 
2.1 mA 

-4.5 volts 
-4.5 volts 

330 volts 
28 volts 

880 .. olts 
Sec cun'e pal<" 96 
o volts 

1.7 Vilatts 

1.1 watts 
See curve page 96 

6AM4 
6AM8 

6AM8A 
SAM. 

SCY 

Miniature type used in television receiver applications. 
The pentode unit is used as an if amplifier, video am­
plifier, or agc amplifier. The high-perveance diode is 
used as an audio detector, video detector, or de re­
storer. Outlines section, 6B; requires miniature 9-c:on­
tact socket. Type 5AM8 is identical with type 6AM8A 
ffil.cept ':for heater' ratings. 

Heater Voltage (ac/de) .......................... . 
Heater Current .................................. . 
Heater Warm-up Time (Ave)'age) ................. . 
Heater-Cathode Voltage: 

Pealt value ................................... . 
Average value ...............................• 

Direct Interelectrode Capacitances: 
Diode Unit: 

SAMS 
4.7 
0.6 
100 max 

±200 max 
100 max 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ............................... . 

Pentode Unit: 
Grid No.1 to Plate ......................................... . 
G"id No.1 to Cathode, Heater, Grid No.2, Grid No.3 and 

Internal Shield .......................................... . 
Plate to Cathode, Heater, Gdd No.2, Grid No.3, and 

Internal Shield .......................................... . 

6AM8A 
6.3 volts 

0.45 ampe}'e 
100 max volts 

±200 max volt. 
100 max volts 

1.8 pF 
8 pF 

0.011; pF 

6.5 pF 

2.6 pF 
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Pentode Grid No.1 to Diode" Plate ............................ .. 
Pentode Plate to Diode Cathode ................ ' .... """ " ..... " .. 
Pentode Plate to Diode Plate •.•............. , ...............•• 

o 

TYPE 6AM8A PENTODE UNIT 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRID -No.2 VOLTS -150 

-4 
-5 

50 100 150 200 250 300 
PLATE VOLTS SZCS-B505T2 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................. " ............................... . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ., ..................... . 
Grid-No.2 Voltage ....................... , ..................... . 
Grid-No.1 (Control-Grid) VQltage. Positive-bias value ........... . 
Plate Dissipation , ....................... : ..................... . 
Gdd-No.2 Input: 

For grid-No.2 voltages up to 165 volts .....................• 
For grid-No.2 voltages between 165 and 330 volts ......... . 

CHARACTERISTICS 
Plate Supply Voltage ......................................... . 
Grid No.3 "............................................. Connected 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) ......... ,.; ...... , ................. . 
Transconductance ......... ; .................. , ................. . 
Plate" Current ........................ , ........................ . 
Grid-No.2 Current" ............................................. . 
Grid-No.1 Voltage (Approx.) for plate curl'ent of 20 /LA ......•• 
Gdd-No.l Voltage (Approx.) for plate eurrent of 2 mA ......... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ........•....••........ , . , .........• 
For cathode~bias" operation ..... " ............................• 

Diode Unit 
MAXIMUM RATINGS (Design-Maximum Values) 
Average Plate Current ........................................ . 

6AN4 HIGH-MU TRIODE 
Miniature type used as mixer or rf amplifier in cath­
ode-drive circuits of uhf television tuners covering the 
frequency range of 470 to 890 MHz. Outlines section, 
5B; requires miniature 7~contact socket. 

0;006 
0.15 
0.1 

pF 
pF 
pF 

330 volts 
o volts 

330 volts 
See curve page 96 
o volts 

3.2 watts 

0.55 watt 
See eurve page 96 

125 
to cathode 

125 
56 

0.3 
7800 
12.5 

3.2 
--6 
-3 

0.25 
1.0 

5· 

volts 
at socket 

volts 
ohms 

megohm 
"mhos 

mA 
mA 

volts 
volts 

megohm 
megohm 

mA 

~
4 SK 

"3 8 

G2 7p 

p' 

70K 



TECHNICAL DATA 

Heatel' Voltage (ac/dc) " ...................................... . 
Rea.tel' CUI'rent ................................................. .. 
Heater-Cathode Voltage: 

Peak value ,.,.""",' .................................... . 
Ave:rage value ... . ........................................ . 

Direct Intel'electl'Ode Capacitances: 
Grid to Plate ......................................... " .. . 
Grid to Cathode and Heater , .... " .. ,.",., ............... . 
Plate to Cathode and Heater .............................. " 
Heater to Cathode ......................................... . 
Grid to Cathode ........................................... . 
Plate to Cathode ................. , ......................... . 
Cathode to Grid and Heater ............................... . 
Plate to Grid and Heater .................. , ....... , ..... ,. 

'With external shield connected to cathode. 
~ With external shield connected to ground. 
* With external shield connected to grid. 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ................................... , ............. . 
Cathode Current ............................................... . 
Plate Dissipation ......... , .................................... . 
CHARACTERISTICS 
Plate.Supply Voltage ........ " .............................. ,., 
Cathode-Bias Resistor ..... , . , ........ , . , ..... , .. , .......... , . , . 
Amplification Factor ,.,., .. " ...... , .... " ... , .......... ,.",.,. 
Transconductance ................................. ", ............ . 
Plate Current ..... ;.,.,., ...... ,., .............. ,., .. " ... , ... . 
Grid Voltage (Approx,) for plate current of 20 p.A ........•.. ' •• 
MAXIMUM CIRCUIT VALUES . 
Gdd·Circuit Resistance: 

For fixed·bias operation ......................... " ... "" •• 
For cathode-bias operation ..... , ... " .. , ... " ..... ,' ..••.••• 

Refer to chart at end of section. 

MEDIUM-MU TRIODE 
SHARP-CUTOFF PENTODE 

6,3 
0.225 

:!:200 max 
100 max 

1,7' 
3.;j' 
1.S' 
2.9' 
2.6~ 

O.lR~ 
5.7* 
3.4" 

300 
30 
4 

200 
100 

70 
10000 

13 
-7 

0,1 
0.5 

6AN8 
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volts 
ampere 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
rnA 

watts 

volts 
ohms 

p.mhos 
rnA 

volts 

megohm 
megohm 

6AN8A 
SANS 

9DA 

Miniature type used in color television receiver ap­
plications. The pentode unit is used as an intermediate­
frequency amplifier, a video amplifier, an age amplifier, 
or a reactance tube. The triode unit is used in low­
frequency oscillator, sync-separator, sync-clipper, and 
phase-splitter circuits. Outlines section, 6B; requires 
miniature 9-contact socket. Type 5AN8 is identical 
with 6AN8A except for heater ratings. 

Heater Voltage (ac/dc) .. , ... ",."., ............• 
Heater Current .. , ....... , .. , ... " ... , ... , .. ", .. , 
Heater Warm-up Time (Average) ............ , .. , .• 
Heater·Cathode Voltage: 
. Peak value .. , ...... , ... , ..... ,., .. , ... , ..... . 

Average value ............................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

SANS 
4.7 
0.6 
11 

:!:200 max 
100 max 

Grid to Plate .... , ................. ", .. ,' ... , .. ,., .... '.,. 
Grid to Cathode and Heater ........ , .... , ........ , ........ . 
Plate to Cathode and Heater ..... , ..... , ..... , ... ,." .. , ... . 

Pentode Unit: 
Grid No,l to Plate ., ... ,., ............. '" .. , ....... , .... , 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .. , ...... , , ... , . , ......... , .... , ... , .. , ... . 
Plate to Cathode, Heater, Gdd No.2, Grid No.3. and 

Internal Shield ." .... , ...... ,., ................... ,., ... . 
Triode Gl'id to Pentode Plate ., .... , ................ ' ..... ,., .. 
Pentode Grid No.1 to Triode Plate .. , ........... ,., ..... " ... , .. 
Pentode Plate to Triode Plate ......................... , ... , .. .. 

GANSA 
6.3 volts 

0.45 ampere 
11 seconds 

:!:200 max volts 
100 max volts 

1.5 pF 
2.0 pF 

0.26 pF 

0,04 max pF 

7 pF 

2.4 pF 
0.02 pF 
0.02 pF 
0.16 pF 
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Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................... . 
Grid-No.2 Supply Voltage ; ...................... . 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 166 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ............. : ............. . 
Grid-No.2 Supply Voltage ................•....... 
Grid-No.1 Voltage ............................•.. " . 
Catbode-Bias Resistor, ............................ . 
Amplification Factor .............................• 
Plate Resistance (Approx.) ....................... . 
Transconductance .............. , ................. . 
Plate Current ................................ : ... . 
Grid-No.2 CUn'ent ................. ' ............... . 
Grid-No.1 Voltage (Approx.) for plate cUn'ent of 

20/LA ...................................... .. 
Grid-No.1 Voltage (Approx.) for plate current of 

1.6 rnA ........... ; .........................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:" 

Triode Unit Pentode Unit 
330 330 volts 

330 volts 
-See curve page 96 

0 0 volts 
2.8 2.3 watts 

0.65 watt 
-See curve page 96 

160 125 volts 
125 volts 

-3 volts 
66 ohms 

21 
4700 170000 ohms 
4500 7800 ",mhos 

15 12 mA 
3.8 mA 

-17 -6 volts 

-3 volts 

For fixed-bias operation ...................... 0.5 0.25 megohm 
For cathode-bias operation .................... 1.0 1.0 megohm 

• If either unit is operating at maximum rated conditions, ,grid-No.1-circuit resistance for 
both units should not exceed the stated values. 

TYPE 6ANaA PENTODE UNIT TYPE SANaA 
TRIODE UNIT 

30 
C/) 

GRID-No.2 VOLTS-ISO 

ECrO 
30~-+--4- ~--~~--~~--~~ 

Id 

~2S 

~20 
i 15 
Id 

!c10 
it. 

o 

-0.5 
I 
-1.0 

GRIJ-NOI VOLTS E~'''1.5 
-2.0 

2.S '--
:'3£ , .. , 

-
100 200 300 400 

PLATE VOLTS IZCS-BZOST 

U). 

~ 251---1--4 
~ 
~ 20 

3 
:iii 15 

~ IO~~~~~~-+~~~~~ 
it. 

PLATE VOLTS 

6AQ5 Refer to chart at end of section. 

6AQSA BEAM POWER TUBE 
5AQ5, llAQ5 

Miniature type used as output amplifier primarily in 
automobile receivers and in ac-operated receivers and, 
triode-connected, as a vertical-deflection amplifier in 
television receivers. Outlines section, 5D; requires 
miniature 7-contact socket. Within its maximum rat- 7SZ 

'2CS-820ST 

ings, the performanceof·this type is equivalent to that of larger types 6V6 
and 6V6GTA. Types 5AQ5 and 12AQ5 are identical with type GAQ5A 
except for heater ratings. 

Hester Voltage (ac/dc) .................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) .•......... 
Heater-Cathode Voltage: 

Peak value ..........................•.• 
Average value ........................ . 

5AQ5 
4.7 
0.6 
11 

6AQ5A 
6.3 

0.45 
11 

12AQ5 
12.6 

0.225 

±200 max ±200 max ±200 max 
100 max, 100 max 100 mal< 

volts 
ampere 

.seconds 

volts 
volts 



TECHNICAL DATA 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ...................................... __ 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.S ...• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................•• 
Grid-No.2 (Screen-Grid) Voltage ..............................•. 
Plate Dissipation .......................•....................... 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ...........................• 
CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid-No.1 Voltage ............................................. . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 0.5 mA 
TYPICAL OPERATION 

0.4 
8 

8.5 

275 
275 

12 
2 

250 

250 
-12.5 

9.5 
1970 
4800 
49.5 
-37 

147 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

·C 

volts 
volt. 

ohms 
I'mhos 

ma 
volts 

Same as for type 6V6GTA witbin the limitations of the maximum ratings. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... 0.1 megohm 
megohm For cathode-bias operation .................................. 0.5 

Vertical Deflection Amplifier (Triode Connection)' 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ...........................................•.. 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .........• 
Peak Cathode Current ......................................... . 
Average Cathode Current .....................................• 
Plate Dissipation ..............................................• 
Bulb Temperature (At hottest point) ..........................•• 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for cathode-bias operation ....... . 

275 
1100 

-275 
115 

40 
10 

250 

2.2 

volts 
volts 
volts 

mA 
mA 

watts 
'c 

megohms 

• Grid No.2 connected to plate. 
11 Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
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0 
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0 

150 
TYPE 6A05A <II 
PENTODE CONNECTION w U 125 
GRID-No.2 VOLTS: 250 

0:: 
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Q. 

*f!l100 
::;; 
« 
3 5!ffi 

30i 13~ 
20"'- 0::« 
10~ 0-

-~ .o~ 

0 ... -.; ~::;; 

Z w , .... 
e « 
it: ~ ., Q. 

= 
92CS-4807T2 

Refer. to chart at end of section. 

Refer to chart at end of section. 

TYPE 6A05A 
TRIODE CONNECTION 
GRID No.2 CONNECT 

TO PLATE 

92CS-6~33TI 

6AQ6 

6AQ7GT 
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6AQ8 
6AQ8/ 
ECC85 

HIGH-MU TWIN TRIODE 

Min~ature types used as r:f amplifier and self-oscillat­
ing mixer in FM/ AM radio receivers. Outlines section, 
6B; requires 9-contact socket. 
Heater Voltage (ae/de) .....................................•.• 
Heater Current ............................................. . 
Peak Heater-Cathode Voltage .................................. . 

Dil'ect Intel'electI'ode Capacitances: Unit No.1 
Grid to Plate ................................ 1.5 
Cathode to Plate ............ _ .... _ .. _ .. _ . . .. 11.18 
Grid to Cathode, Heater, and Internal Shield .. 3 
Plate· to Cathode, Heater, and Internal Shield .. 1.2 
Plate to Grid of Other Unit .................. 0.008 ma.'C 
Plate to Cathode of Other Unit ............... 0.008 max 
Grid to Cathode of Other Unit . . . .. ......... 0.003 max 
Plate of Unit No.1 to Plate of Unit No.2 ... ~ ............. . 
Grid of Unit No.1 to Grid of Unit No.2 .................•. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 
Plate Supply Voltage .................................••• 
Plate Voltage .. ... __ ................................. . 
Grid Voltage, Negative-bias value ............................... . 
Cathode Current ............ ' ..................................• 
Plate Dissipation: 

For either plate ............................................ . 
For both pla.teB with both units operating .......... : ........• 

CHARACTERISTICS 
Plate Voltage .................•............................... 
Grid Voltage, Negative-bias value ............................. .. 
Plate Current ................................................... . 
Transconductance .............................................. . 
Amplification Factor ..................................•......... 

TYPICAL OPERATION (Each Unit) 
Plate Supply Voltage ............................ . 
Plate Voltage .................................... . 
Plate Resistor ................................... . 
Grid Resistor .................................... . 
Grid Voltage ....................................... . 
RMS Oscillator Voltage ........................ ;. 
Cathode-Bias Resistor ............................. . 
Plate Resistance (Approx.) ....................... , 
Transconductance ................................ . 
Conversion Transconductarice ..................... . 
Input Resistance at frequency of 100 MHz .......• 
Plate Ourrent .... _ ............................... . 
Equivalent Noise Resistance _ ............• 
MAXIMUM CIRCUIT VALVES (Each Unit) 

RF 
Amplifier 

250 
230 

1800 

--2 

200 
9700 
6000 

6000 
10 

500 

Grid-Circuit Resistance .. _ ........... ; ........................•. 
Resistancebetweell Cathode and Heater ,.: ....•...............• 

9AJ 
6.3 

0.4% 
±90 max 

Unit No.2 
1.5 

0.18 
3 

1.2 
0.008 max 
0.008 max 
0.003 max 

0.04 max 
0.003 max 

550 
300 

-100 
15 

2.5 
4.5 

250 
-2.3 

10 
5900 

57 

Converter 
·260 

12000 
1 

3 

22000 

2300 
15000 

5.2 

1 
20000 

6AR5 Refer to chart at end of section. 

6AR8 BEAM-DEFLECTION TUBE 
Miniature type' used in color-demodulator and burst­
gate circuits in color t~levision receivers. This type has 
two plates and two. deflecting electrodes; the control 
grid va,ries beam deflection. Outlines section, 6E; ie-
quires miniature nine-contact socket. Pin 5 sh()uld .be. I 

conected to cathode at socket. The 6AR8 should be. so DJz 
lo~~ted in the equipment that it is not subjected-.to . 9DP 
stray magnetic fie141:1. Heater: volts (ac/de).6.l3; amperes, 0.8. 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 

mA 

watts 
watts 

volts 
volta 

rnA 
/Lmhos 

volts 
volts 
ohms 

megohm 
volts 
volts 
ohms 
ohms 

/Lmhos 
/Lmhos 

ohms 
rnA 

ohms 

megohm 
ohms 



TECHNICAL DATA 

Color TV Demodulator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Plate) ....... . .........................•••• 
Peak Deflecting-Electrode Voltage (Each Electrode): 

Negative value ............................................. . 
Positive value .............................................• 

Grid-No.3 (Accelerating-Grid) Voltage .......................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ . 
Cathode Current ............................................... . 
Plate Dissipation (Each Plate) .................................. . 
Grid-No.3 Input ................................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation .....................................• 
For cathode-bias operation ............................•....• 

Class Ai Amplifier 

300 

-150 
150 
300 

o 
30 

2 
1 

0.1 
0.25 

149 

volts 

volts 
volts 
volts 
volt" 

mA 
watts 
watt 

megohm 
megohm 

With both plates connected together and with both 
delleeting electrodes connected to cathode at socket 

CHARACTERISTICS 
Plate-No.1 Supply Voltage ...................................... . 
Plate-No.2 Supply Voltage ...................................... . 
Grid-No.3 Voltage .............................................. . 
Cathode-Bias Resistor .......................................... . 
Transconductance .............................................. . 
Total Plate Current ............................................ . 
Grid-No.3 Current .............................................. . 
Grid-No.1 Voltage (Approx.) for total plate current of 10 /LA ..••• 

SEMIREMOTE-CUTOFF 
TWIN PENTODE 

250 
250 
250 
300 

4000 
10 

0.4 
-14 

6AR11 

volts 
volts 
volts 
ohms 

./Lmhos 
rnA 
rnA 

volta 

K I 
G3 

120M 

8ARU. llARll 
Duodecar type used as if-amplifier tube in television 
receivers. Outlines section, 8A; requires duodecar 12-
contact-socket. Types 8ARll and llARll are identical 
with type 6ARll except for heater ratings. 

Heater Voltage (ac/dc) .................. .. 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

Peak value ............................ . 
Average value ......................... . 

BARll 
6.3 
0.8 

8ARU 
8.4 
0.6 
11 

±200 max ±200 max 
100 max 100 max 

llARll 
11.2 volts 
0.45 ampere 

11 seconds 

±200 max volts 
100 max volts 

Direct Interelectrode Capacitances: Unit No.1 
0.026 

Unit No.2 
Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield ................. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....................... . 
Grid No.1 to Plate of Other Unit ............. . 
Plate of Unit No.1 to Plate of Unit No.2 ..... . 

10 

2.8 
0.002 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressol'-Grid) Voltage. Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Conti'ol-Grid) Voltage, Positive-bias value ..........•• 
Plate Dissipation ..............................................• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .................•.••• 
For grid-No.2 voltages between 165 and 330 volts ..........•• 

CHARACTERISTICS (Each Unit) 
Plate Supply Voltage ........................ , ................ . 
Grid No.3 ............................................. Connected 

0.026 pF 

10 pF 

3 pF 
0.002 pF 

0.02 pF 

330 volts 
o volts 

330 volts 
See curve page 96 
o volts 

3.1 watts 

0.65 watt 
See curve page 96 

125 volts 
to cathode at socket 
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Grid-No.2 Supply Voltage ........................ :: .........•. 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance ................. , ............................ . 
Plate Current ............... : ................................. . 
Grid~No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) lor tl'ansconductance of 50 pmhos .• 

6ASS BEAM POWER TUBE 
Miniature type used as output amplifier primarily in 
automobile and in ac-operated receivers. Outlines sec­
tion, 5D; requires miniature 7-contact socket. For 
curves of average plate characteristics, refer to type 
35C5. 
Heater Voltage .(ae/de) ....................................... . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate .................... , ................... . 
Grid No.1 to Cathode, Heater, Gl'id No.2, .and Gl'id No.3 ...• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......••• 

Class Ai Amplifier 
MAXIMUM RATINGS (Design,Center Values) 
Plate Voltage .................................................• 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation ................................. ; ............ . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ................. : .........• 
TYPICAL OPERATION 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................. . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Cunent ..................................... . 
Maximum-Signal Plate Curl'ent ................................ . 
Zero-Signal Grid-No.2 Current (Approx.) ..................... . 
Maximum-Signal Grid-No.2 Current (ApPl'OX.) ................. . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distol·tion .....................................• 
Maximum-Signal Power Output ................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................•....•..........•• 

6AS8 
SASS 

DIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in television and radio receiver 
applications. The pentode unit is used as an if ampli­
fier, video amplifier, or agc amplifier. The high-per­
veance diode is used as an audio detector, video de­
tector, or dc restorer. Outlines section, 6B; requires 
miniature 9-contact socket. For curve of average plate 
characteristics of pentode unit, see type 6AN8A. Type 
with type 6AS8 except for heater ratings. 

Heater Voltage (ac/de) ......................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

Peak value .................................. . 
Averqe'·value ..•........•...•.............••• 

SASS 
4.7 
0.6 
11 

±200 max 
100 max 

125 
56 

0.2 
10500 

11 
8.5 

-15 

6.3 
0.8 

7ev 

±100 max 

0.6 
12 

9.0 

150 
117 
5.5 
1.0 
250 

150 
110 

-8.5 
8.5 
35 
36 

2 
6.5 

5600 
4500 

10 
2.2 

0.1 
0.5 

9DS 

volts 
ohms 

megohm 
jkmhos 

mA 
mA 

volts 

volts 
ampere 

volts 

pF 
pF 
pF 

volts 
volta 

watts 
watt 

'C 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
rnA 

JLmhos 
ohms 

per ("ent 
watts 

megohm 
megohm 

5AS8 is identical 

GASS 
6.3 volts 

0.45 ampel~e 

seconds 

±200 max volts 
100 max volts 



TECHNICAL DATA 

Direct Interelectrode Capacitances: 
Diode Unit: 

Plate to Cathoe, Heater, Pentode Grid No.3, and 
Internal Shield ..........................................• 

Pentode Unit: 
Grid No.1 to Plate .......................................• 
Grid No.1 to Cathode, Heater, Gdd No.2, Grid No.3, and 

Internal Shield .........................................• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Pentode Grid No.1 to Diode Plate ........................... . 
Pentode Plate to Diode Cathode ............................. . 
Pentode Plate to Diode Plate ................................. . 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ................................................. . 
Gl'id-No.3 \Supprel:1sor-Grid) Voltage, Positive value ............ . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Di~sipation .............................................. . 
Grirl-No.2 Input: 

1"01' grid-No.2 voltages np to 150 volts .. ,.,., ... , ...... , ... . 
F01' grid-No.2 voltages between 150 and 300 volts ............ . 

CHARACTERISTICS 
Plate Supply Voltage .......... , ...... , .. ,',' ... " ... ,., ..... ,. 
Grid No.3 ...... ,.,.,., ........... , .. , ... ' ...... ,,',.,' Connected 
Gl'id·No.2 Supply Voltage ........ , ..... ,", .. ,.,.,.".', ...... . 
Cathode-Bias Resistor ", ......... , .. , . , . , .. , ... , .. , ... , . , .. , .. . 
Plate Resistance (Approx.) ....... , .... , ... "., .... , ............ . 
Transconductance .............................................. . 
Plate Current ", ................ , ........ ,."., ......... , ..... . 
Grid-No.2 Current '., ............... , , , ..... , ....... . 
Glid-No.l Voltage (Approx.) for plate CUl'l'ent of 10 /LA ' ......• 
MAXIMUM CIRCUIT VALUES 
Gl·id-No.l-Circuit Resistance: 

F01' fixed-bias operation ...................................• 
For cathode~bias operation ................................. . 

Diode Unit 
MAXIMUM RATINGS (Design·Center Values) 
Peak Inverse Plate Voltage ." .... , .......... , ................ . 
Peak Plate Current " ... ,., ........ , ........ , .... ,., ........ " .. 
Average Plate CUlTent ................ , .. , ....................• 

151 

3.0 pF 

0.03 pF 

7 pF 

2.4 pF 
0.005 max pF 

0.15 max pF 
0.10 max pF 

800 volts 
o volts 

300 volts 
See curve pa"e 96 
o volts 

2.G waHs 

0.5 watt 
See curve page 96 

200 
to cathode 

150 
180 

300000 
6200 

9.5 
3 

-8 

0.25 
1.0 

330 
60 

6 

volts 
at socket 

volts 
ohms 
ohms 

I'mhos 
mA 
rnA 

volts 

megohm 
megohm 

volts 
rnA 
mA 

6ASll Refer to chart at end of section. 

6AT6 

7BT 

TWIN DIODE­
HIGH-MU TRIODE 12AT6 

Miniature type used as a combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re­
ceivers. Outlines section, 5C; requires miniature 7-con­
tact socket. For typical operation as resistance-coupled 
amplifier refer to Resistance-Coupled Amplifier sec­
tion. Type 12AT6 is identical with type 6AT6 except 
for heater ratings. 

Heater Voltage (acldc) .........................•• 
Heater Current .,.,.,., .........................• 
Peak Heater-Cathode Voltage ., .................. . 
Direct Interelectrode Capacitances: 

GAT6 
6.3 
0.3 

±90max 

Triode Grid to Triode Plate ... , ........................... . 
Triode Grid to Cathode and Heater ........................ . 
Triode Plate to Cathode and Heater ............ , .......... . 
Plate of Diode Unit No.2 to Triode Grid ...... , ........... . 

Triode Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .••••••••.••.•••................................•• 
Plate Dissipation .••........... , ....... ; ....................... . 
Grid Voltage, Positive-bias value .............................. " 

12AT6 
12.6 volts 
0.15 ampere 
±90 max volt. 

2.0 pF 
2.2 pF 
0.8 pI;' 

0.04 max pF 

300 volts 
0.5 watts 

0 volts 
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CHARACTERISTICS 
Plate Voltage .....•......•.•.•• ~ ...••.........•.•• 
Grid Voltage .................................... .. 
Amplification Factor ............................ .. 
Plate Resistance ................................ .. 
hans conductance ................................ . 
Plate Current ....... " ........................ : .. . 

Diode Units 
MAXIMUM RATING (Design-Center Value) 

100 
~1 

70 
54000 
1300 

0:8 

250 
-3 

70 
58000 

1200 
1.0 

volts 
volts 

ohms 
",mhos 

mA 

Plate Current (Each Unit) .: ~ .... : ..... : . . . . . . . . . . . . . . .• . . . . . . 1.0 mA 
The two diode plates are placed around a cathode whose .sleeveis. common to the triode unit. 
Each diode plate has its own base pin. For diode operation {lurves, refer to type 6A V6. 

6AT8 Refer to chart at end of section. 

6AT8A MEDIUM-MU TRIODE ...... H 

SAT8 SHARP-CUTOFF PENTODE 
Miniature types used as combined oscillator and mixer 
tubes in television receivers utilizing an intermediate 
frequency in the order of 40 MHz. Outlines section, 
6B; requires miniature 9-contact socket. Except for 
interlectrodecapacitances and basing arrangement, this 
type is identical with miniature type 6X8 .. The basing 9DW 
arrangement is particularly suitable for connection· to the coils of certain 
designs of turret tuners. Type 5AT8 is identical with type 6AT8A except 
for heater ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) .................• 
Direct Intereleetrode Capacitances: 

Triode Unit: 
Grid to Plate ...............................• 
Grid to Cathode and Heater ................. . 
Plate to Cathode and Heater ................. . 

Pentode Unit: 
Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode, Heater, Grid No.2 and 

Grid No.3 ................................. . 
Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 ................................. . 
Pentode Grid No.1 to Triode Plate ............... . 
Pentode Plate to Triode Plate .................... . 
Heater to Cathode ............................... . 
• With external shield connected to cathode except as 
t With external shield connected to plate. 

5AT8 
4.7 
0.6 
11 

Unshielded 
1.5 
2.0 
0.5 

0.06 max 

4.6 

0.9 
0.05 max 
0.05 max 

6.0 
noted. 

6AT8A 
6.3 

0.45 
11 

Shii!ldedo 
1.5 
2.4 
1.0 

0.03 max 

4.8 

1.6 
0.04 max 

0.008 max 
6.0t . 

volts 
ampere 
seconds 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

6AU4GT Refer to chart at end of section. 

6AU4GTA HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as damper tube in horizontal­
deflection circuits of color and wide-angle picture-tube 
television receivers. Outlines section, 13G; requires 
octal socket. Type may be supplied with pin No. 1 
omitted. Socket terminals 1, 2, 4, and 6 should not be 
used as tie points. This tube, like other power-handling 
tubes, should be adequately ventilated. 
Heater Voltage (ac/dc) ....................................... . 
Heater Current .............................................. , .. 
Direct Intereleetrode Capacitances (Approx.): 

Plate to Heater and Cathode ......... ; ..................... . 
Cathode to Heater and Plate .............................• 
Heater to Cathode ................ ~ ........................• 

~
p 

K3 

2 7 
Ie; H 

I 8 
Ie H 

4CG 

6.3 volts 
1.8 amperes 

8.5 pF 
11.5 pF 

4 pF 



TECHNICAL DATA 

Damper Service 
For operation in a 525-line, 30-frame sYstem 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .........................•..... : .• 
Peak Plate Current ........................................... . 
Average Plate Current ...............................•......•• 
Plate Dissipation .....................................•...•....• 
Heater-Cathode-Voltage: 

4500 
1300 

210 
6.5 

153 

volts 
mA 
rnA 

watts 

Peak value ................................. . +800 -4500 volts 
Average value ............................... . +100 -900 volts 

11 Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

BEAM POWER TUBE 6AUSGT 
~

p 

~3 3 ::: ---
H2 . 7H 

. I 6 

Glass octal type used as horizontal-deflection ampli­
fier in low-cost, high-efficiency deflection circuits of 
television receivers. Outlines section, 13D; requires 
octal socket . 

G1 Ga. 

6CK 
Heater Voltage (ac/dc) ...................................... .. 
Heater Current ............................................... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): 
Gdd No.1 to Plate ............ . .........................• 
Grid No.1 to Cathode, Heater, Grid No.2, and Gdd No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ...................................• 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Gdd-No.l (Control-Grid) Voltage ................ . 
Plate Resistance ................................. . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid No.2 Current ...............................• 
t Grid No.2 connected to plate. 

Pentode 
Connection 

115 
175 

-20 
6000 
5600 

60 
6.8 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ..... . 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.2 (Screen-Grid) Voltage· ......................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current ........................................ . 
Average Cathode Current ......................................• 
Grid-No.2 Input ............................................... . 
Plate Dissipationtt ............................................ . 
Bulb Temperature (At hottest point) ...................•.......• 
MAXIMUM CIRCUIT VALUE 

6.3 
1.25 

±200max 
100 max 

0.5 
11.3 

7.0 

Triodet 
Conneetion 

110 
100 

-4.5 

550 
5500' 

-1250 
200 

-300 
400 
110 
2.5 
10 

210 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

ILmhos 
mA 
mA 

volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance ...................... . . . . . . . . . . . . . . 0.47 megohm 

1/ Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• Under no circumstances should this absolute value be exceeded. 
• Obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2 
input to the rated maximum value. 
tt A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6AU6 
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6AU6A 
3AU6, 4AU6, 12A,U6 SHARP-CUTOFF PENTODE 

Miniature type used in compact radio equipment as rf 
amplifier especially in high-frequency, wide-band ap­
plications; also used as limiter tube inFM equipment. 
Outlines section, 5C; requires miniature, ,7-contact 
socket. For a discussion of limiters, refer to Electron 

~
H4': 

'It .' G~f 3 . 6 

G3 2 • 71\ 

1$ ., . 

G, 

Tube Applications section. For typical operation as 7BK 
resistance-coupled amplifier, refer to Resistance-Coupled Amplifier section. 
Types 3AU6, 4AU6, and 12AU6 are identical with type 6AU6A except for 
heater ratings. 

Heater Voltage (ac/dc) ...... . 
Heater Current , .... , .. , .. , . , .. 
Heater Warm-up Time (Aver-

age) ."., .. , .............. . 
Heater.Cathode Voltage: 

3AU6 
3.15 

0.6 

11 

4AUG 
4.2 

0.45 

11 

GAU6 
6.3 
0.3 

11 

Peak value ... . . . . . . . . . . . . . ±200 max ±200 max ±200 max 
Average value ............ 100 max 100 max 100 max 

Direct Interelectrode Capacitances: 
Pentode Connection: 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ............... ' .... ' , , .. , , , ... , . , ....... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ...... : ................................. .. 
Triode Connection:t 

Grid No.1 to Plate, Grid No.2, Grid No.3, and Internal Shield 
,Grid No.1 to Cathode and Heater .......... " .. ' .. , ......... . 
Plate, Grid No.2, Grid No.3, and Internal Shield to Cathode 

and Heater ..............................................• 

t Grid No.2, grid No.S, and internal shield connected to plate. 
• Value is 8.5 pF with external shield connected to cathode. 

Class A, Amplifier 

MAXIMUM RATING$ (Design-Maximum Values) 
Plate Voltage ....................... , .. ,., ..... ,. 

Triodet 
Conneetion 

275 

12AU6 
12.6 
0.15 

±200 max 
100 max 

0.0035 max 

6.5 

5.0 

2.6 
3.2 

1.2· 

Pentode 
Connection 

330 
o Gr!d-No.3 (Suppresso~-Grid) Voltage, Positive value 

GrId-No.2 (Screen-Gnd) Voltage ................. . 
Grid-No.2 Supply Voltage ................ , ... ,', .. 

See curve page 96 
330 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ,' ...... . 

o 
3.5 

o 
3.5 

0.75 
For grid-No.2 voltages between 165 and 330 volts See curve page 96 

"1112.5 
e 

.... 2.5 

~ 

TYPE 6AU6A -~ .1 .1 
PENTODECONNECTI~~, IE, 'S :>CKEl t-2RID No.3 CONNECTED CATHO AT 
GRIDNo.2 VOLTS'~O 

E<!l.'O 

f -~.5 
V-

GRID-No.1 VOLTS E~-I 

~ 
-- -ECI .• O -1.5 

-2 
-2~5 -3 

o 100 200 300 400 500 
PLATE VOLTS 92CS-6611T3 

CHARACTERISTICS 
Triode'\' 

Connection Pentode Connection 

volt. 
ampere 

seconds 

volts 
volts 

pF 

pF 

pF 

pF 
pF 

pF 

volts 
VQlts 

volts 
vol. 

watts 

watt 

Plate Supply Voltage ............... . 250 100 250 150 volts 
Grid No.3 ..... , ....................• Connected to eathQde at socket 
Grid-No.2 Supply Voltage ........... . 100 125 150 volts 



TECHNICAL DATA 

Cathode-Bias Resistor .........•...•. 
Amplification Factor ...............• 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage for plate current 

of 10 /LA ..................... . 

Trlodef 
Conneetion 

330 
36 

4800 
12.2 

Pentode Connection 
150 100 68 

0.5 
3900 

5.0 
2.1 

-4.2 

1.5 
4500 

7.6 
3.0 

-·6.6 

1.0 
5200 
10.6 

4.3 

-6.0 

t Grid No.2, grid No.3, and internal shield connected to plate. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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ohms 

megohms 
/Lmhos 

mA 
mA 

volts 

6AU7 

6AU8 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

6AU8A 
BAUI 

9DX 

Miniature type used in television receiver applications. 
Pentode unit is used as video amplifier, if amplifier, 
and agc amplifier. Triode unit is used in sync-amplifier, 
sync-separator, sync-clipper, and phase-inverter cir­
cuits. Outlines section, 6E; requires 9-contact socket. 
Type SA US is identical with type 6A USA except for 
heater ratings. 

Heater Voltage (ac/dc) .............. '" ...•••••• 
Heater Current· ..................................• 
Heater Warm-up Time (Average) ................•• 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

6AUSA 
6.3 
0.6 
11 

±200max 
100 max 

Grid to Plate .............................................•• 
Grid to Cathode and Heater ...............................• 
Plate to Cathode and Heater ..............................•. 

Pentode Unit: 
Grid No.1· to Plate ................ ; .....................•• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .........................................•. 
Plate to Cathode .. Heater, Grid No.2, Grid No.3, and 

Internal Shield ..........................................• 
Triode Grid to Pentode Plate ................................. . 
Pentode Grid No.1 to Triode Plate ........................... . 
Pentode Plate to Triode Plate ............................... . 

Class A, Amplifier 

SAUS 
8.4 

0.45 

±200 max 
100 max 

2.2 
2.6 

0.34 

0.06 

7.5 

3.4 
0.022 max 
0.006 max 
0.12 max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

volts 
ampel'e 
seconds 

volt. 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

Plate Voltage .................................•.• 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage .........•.• 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................•• 
Grid-No.2 Supply Voltage .......................•• 
Cathode-Bias Resistor ...........................•• 
Amplification Factor .............................• 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid-No.2 Current ...............................• 
Grid-No.1 Voltage (Approx.) for plate current of 

100 /LA .....................................•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed.bias operation ..................... . 
For cathode-bias operation •••••••...•..••.•••• 

330 volts 
See curve page 96 

o 0 volts 
2.8 3.3 watt. 

150 

150 
43 

8100 
6300 

9.5 

-6.6 

0.5 
1.0 

1 
See CUl've page 96 

200 
125 
82 

100000 
8000 

17 
3.4 

-7.6 

0.25 
1.0 

watt 

volt. 
volt. 
ohms 

ohms 
I£mhos 

rnA 
rnA 

volts 

megohm 
JI(Iegohm 
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6AVSGA 
12AVSGA. zsAVSGA BEAM POWER TUBE 

Glass octal type used as horizontal-deflection ampli­
fier in television receivers. Outlines section, 19C; l'e­
quires octal socket. Types 12A V5GA and 25A V5GA 
are identical with type 6A V5GA except for heater 
ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ............................ . 

6AV5GA 
6.3 
1.2 

12AV5GA 
12.6 
0.6 

Heater Warm-np Time (Average) .......... . 11 
Heater-Cathode Voltage: : 

Peak value ............................. ±200 max ±200 max 
Average value .......................... 100 max 100 max 

Direct Intel'electl'ode Capacitances (Approx.) 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2. and Grid No.3 .......• 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ............................... . 
Odd-No.2 (Screeu-Grid) Voltage .............. . 
Grid-No.1 (Control-Grid) Voltage ............. . 
Plate Resistance .............................. . 
Tl'ansconductance ...... ' ...................... . 
Plate. Current ........... : .................... . 
~-creen Cun'ent ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

1 mA ................................... .. 
Amplification Factor ......................... . 

- Grid No.2 connected to plate. 

Pentode 
Conneetion 
60 250 

150 150 
o -22.5 

14500 
5900 

260 57 
26 2.1 

--43 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage .............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) .. . .... . 
Peak Negative-Pulse Plate Voltage .............................. . 
DC Grid-No.2 Voltage .. : ....................................... . 
Peak Negative-Pulse Grid-No.1 Voltage .................... : ..... . 
Peak Cathode Current ........................................... . 
Average Cathode Current ....................................... . 
Grid-No.2 Input ................. : .............................. . 
Plate Dissipationtt ............................................ . 
Bulb Temperature (at hottest point) .............................• 
MAXIMUM CIRCUIT VALUE 
Gl'id-No.l-Circuit Resistance ................................... . 

* p 

C;3 3 K __ _ 
0' ___ • 

:---

HZ. 7 H; 

1 8 
C;I G2 

6CK 
25AV5GA 

25 
0.3 

±200 max 
100 max 

0.5 
14 

7.0 

Triode­
Connection 

150 
150 

-22.5 

4.3 

550 
5500· 

-1250 
175 

-300 
400 
110 
2.5 
11 

210 

0.47 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

#lmhos 
mA 
mA 

volts 

volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·0 

megohm 

# Pulse duration must not elCceed 15% of a horizontal scanning cycle (10 microseconds) • 
• Under no circumstances should this absolute value be exceeded. 
tt A bias resistor or other means is required to protect the tube in absence of excitation. 

6AV5GT 

6AV6 
3AV6, 4AV6, lZAV6 

Refer to chart at end of section. 

TWIN DIODE­
HIGH-MU TRIODE 

Miniature type used as combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re­
ceivers. The 6A V6 may be substituted directly for the 
6AT6 in applications where the higher amplification 
of the 6A V6 is advantageous. Outlines section, 5C; re- 7BT 
quires miniature 7-contact socket. Types 3AV6, 4AV6, and 12AV6 are iden­
tical with type 6A V6 except for heater ratings. 
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Heater Voltage (ao/dc) ..••••• 
Heater Current ................ . 
Heater Warm-up Time (Aver-

age) ...................... . 
Heater-Cathode Voltage: 

3AVG 
3.15 
0.6 

11 

4AVG 
4.2 

0.45 

11 

8AV8 
6.3 
0.3 

Peak value ............... :!:200 max :!:200 max :!:200 max 
Average value ............ 100 max 100 max 100 max 

Direct Interelectrode Capacitances: 
Triode Grid to Triode Plate ............................... . 
Triode Grid to Cathode and Heater ......................... . 
Triode Plate to Cathode and Heater .......................• 
Plate of Diode Unit No.2 to Triode Grid .....................• 

• This value is 1.2 pF with external shield connected to cathode. 

Triode Unit as Class Al Amplifier 
MAXIMUM RATING (Design-Maximum Value) 
Plate Voltage .................................................. . 
Grid Voltage, Positive-bias value ............................... . 
Plate Dissipation .............................................. . 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .................................... . 
Amplification Factor .............................• 
Plate Resistance ................................. . 
Transconductance ................................ . 
Plate Current ........................ , ........... . 

Diode Units 
MAXIMUM RATING (Design-Maximum Value) 

100 
-1 
100 

80000 
1250 
0.50 

12AVG 
12.6 
0.15 

:!:200 max 
100 max 

2.0 
2.2 
O.S· 

0.04 max 

330 
o 

0.55 

250 
-2 
100 

62500 
1600 

1.2 

157 

volts 
ampere 

seconds 

volts 
volts 

pF 
pF 
pF 
pF 

volts 
volts 
watt 

volts 
volts 

ohms 
I'mhos 

mA 

Plate Current (Each Unit) .................................... 1.0 rnA 
The two diode plates are placed around a cathode, the sleeve of which is common to the 
triode unit. Each diode plate has its own base pin. Diode biasing of the triode unit is not 
recommended .. 

Installation and Application 
,The triode unit of the 6AV6 is recommended for use only in resistance­

coupled circuits. Refer to the Resistance-Coupled Amplifier section for 
typical operating conditions. Grid bias for the triode unit of the 6A V6 
may be obtained from a fixed source, such as a fixed-voltage tap on the dc 
power supply, or from a cathode-bias resistor. It should not be obtained 
by the diode-biasing method because of the probability of plate-current 
cutoff, even with relatively small signal voltages applied to the diode circuit. 

- AVERAGE DIODE CHARACTERISTICS , 

'" ... 
~ 
~ 2~-I--:I!-­
:::; 
..J 
2 
~ 

'ct 

~ 

~efer to. chart at end of sectio~ 

HALf-WAVE RECTIFICAiION-SINGLE 0100£ UNIT 

I-i"TY~P+E~6~":..V~6t-. -+£!..~=rt8",.3'rlV--,O-"LT>,:S:..,' t--n' 160 
'2 on 

~f-+\-\-+H-I-;;ti_!!!*_It++t-H140 
~\ I 

OC VOLTS DEVELOPED BY, OIODE ",~, 
92CM'-667ST 

/ t-~;;j 
-40 -30 -20 10 . _,.1-'1' 0 
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6AW8A 
8AW8A 

HIGH-MU· TRIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in television receiver applications. 
The pentode unit is used as an if amplifier, video am­
plifier, agc amplifier, or reactance tube. The triode 
unit is used in low-frequency oscillator, sync-separa­
tor, sync-clipper, and phase-splitter circuits. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
8A W8A is identical with type 6A W8A except for 
heater ratings. 

Heater Voltage (ae/de) .........•.••••..•••.•.•.••• 
Heater Current .................................•• 
Heater Warm-up Time (Average) ................•• 
Heater-Cathode Voltage: 

Peak value .......................•.........•. 
Average value ...........................•••.• 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .............................. .. 
Grid to Cathode, Pentode Cathode, Pentode 

Grid No.3, Internal Shield, and Heater ...• 
Plate to Cathode, Pentode Cathode, Pentode 

Grid No.3, Internal Shield, and Heater ., •• 
Pentode Unit: 

Grid No.1 to Plate ........................•• 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield .............• 
Plate to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield ..................•• 
Pentode Grid No.1 to Triode Plate ............. . 
Pentode Plate to Triode Plate .................• 

• With external shield connected to pins 4 and 5. 

Class Ai Amplifier 

6AW8A 
6.3 
0.6 
11 

±200 max 
100 max 

Unshielded 

2.2 

3.2 

1.8 

0.06 max 

10 

3.6 
0.008 max 

0.16 max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage .................................... 330 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 

BOX 

8AW8A 
8.4 

0.45 
11 

±200 max 
100 max 

Shielded 

2.2 

3.4 

3.0 

0.05 max 

10 

4.5 
0.005 max 
0.025 max 

Pentode Unit 
330 
330 

Grid-No.2 Voltage ...............................• 
Grid-No.1 (Control-Grid) Voltage, positive-bias value 
Plate Dissipation .................................• 
Grid-No.2 Input: 

o 
1.1 

See curve page 96 
o 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Supply Voltage .......................• 
Grid-No.1 Voltage ...................... i: ........ . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ........... i •••••••••••••••••• 

TYPE 6AW8A 
TRIODE UNIT 

5 If-(qc. 

... 0, 

o d' __ ~7 

I 

:-;-

/ 
17' V 

:y 

7f 
!j 

'" ~ 50 
6(1) 
0; Il! 40 

"'''' l5 ! 30 

200 

-2 

70 

TYPE 6AW8A 

3.75 

1.1 
See curve page 96 

150 
150 

150 

PENTODE UNIT 
GRID-No.2 VOLTS = 150 

I 
:tb ..1L ,-- I 

I I -I 

GRID-No.1 VOLTS ECI"-2 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

/ V / 
5 

1// VI~ rt ~. -3 tr~ 20 

S 10 
,OJ. 

I~ V /'" V V V ~ ,./ 

_ ECI=~ 

--- --- - - -3 -
o 100 200 300 400 o 100 200 300 400 

PLATE VOLTS 92CS-8644T PLATE VOLTS 92CS-9173T 
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Plate Resistance (App1·ox.) .....................•• 
TJ.·ansconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ...............................• 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A ....................................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circliit Resistance: 

For fixed ... bias opel'ation .....................•• 
For cathode ... bias opc)'ation ................... . 

4000 
4 

-6 

0.5 
1.0 

0.2 
9500 

16 
3.6 

-8 

0.26 
1.0 

159 

megohm 
fomhos 

mA 
rnA 

,'o1ts 

megohm 
megohln 

6AX3 HALF-WAVE 
VACUUM RECTIFIER llAD. 17AD 

Duodecar type used as damper tube in horizontal-de­
flection circuits of television receivers. Outlines section, 
8C; requires 12-contact socket. Socket terminals 5, 6, 
8, and 9 should not be used as tie points. This tuhe. 
like other power-handling tubes, should be adequately 
ventilated. Types 12AX3 and 17AX3 are identical with 
type 6AX3 except for heater ratings. 

Heater Voltage (aclde) .....................• 
Heater Current .............................•. 
Heater Warm-up Time (Average) ............. . 
Direct Interelectrode Capacitances: 

6AX3 
6.S 
1.2 

12AX3 
12.6 
0.6 
11 

Plate to Cathode and Heater ...............................• 
Cathode to Plate and Heater .............................. . 
'Heater to Cathode .........................................• 

Damper Service 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................. . 
Peak Plate Current ........................................... . 
Average Plate Cnl'l'ent ....................................... . 
Plate Dissipation .............................................. . 
Heater-Cathode Voltage: 

17AX3 
16.8 
0.45 

11 

6.5 
7.5 
2.8 

5000 
1000 

165 
5.3 

Peak value ................................... +300 -5000 
Average value ................................ +100 -900 

CHARACTERISTICS 

·\'Oit. 
amperes 
seconds 

pF 
pF 
pF 

volts 
mA 
mA 

watts 

volts 
volts 

Tube Voltage Drop f01' plate CU1'1'ent of 250 mA .................. 32 "olts 

11 Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chad at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

6AX4GT 

6AX4GTB 
llAX4GTB. 17AX4GTA. 

15AX4GT 11*/' Glass octal type used as damper tube in horizontal-
Ie 2 7 H deflection circuits of color and black-and-white tele-

I 8 vision receivers. Outlines section, 13D; requires octal 
I H socket. May be supplied with pin No.1 omitted. Socket 

4CG terminals 1, 2, 4, and 6 should not be used as tie 
points. This tube, like other power-handling tubes, should be adequately 
ventilated. Types 12AX4/GTB, 17AX4GTA, and 25AX4GT are identical 
with type 6AX4GTB except for heater ratings. 

Heater Voltage (aelde) ............. . 
Heater Current ..................... . 
Heater Warm-up Time (Average) .. . 

6AX4-
GTB 

6.3 
1.2 

Direct Interelectrode Capacitances ·(Approx.) : 

12AX4-
GTB 
12.6 

0.6 
11 

17AX4-
GTA 
16.8 
0.45 

11 

Cathode to Plate and Heatel' ...............................• 
Plate to Cathode and Heater .............................. .. 
Heater to Cathode ......................................... .. 

25AX4GT 
26 volts 

0.3 amperes 
11 seconds 

8.6 pF 
5 pF 
4 pF 
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Damper Service 
For operation in a G25-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 5000 volts 
Peak Plate Current ........................................... . 1000 mA 
Average Plate Current ....................................... . 165 mA 
Plate Dissipation .............................................. . 6.3 watts 
Heater-Cathode Voltage: 

Peak value .................................... +300 
Average value ................................ +100 

-5000 volts 
-900 volts 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage'Drop for plate current of 250 mA ................ 32 volts 

# Pulse d'uration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6AXSGT FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supplies of radio equip­
ment having moderate dc requirements. Outlines sec­
tion, 13D; requires octal socket. This type may be sup­
plied with pin No. 1 omitted. This tube, like other 
power-handling tubes, should be adequately venti­
lated. Heater: volts (ac), 6.3; amperes, 1.2. 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage ................................... . 
Peak Plate Current (Per Plate) ...............................• 
Hot-Switching Transient Plate Current: 

For duration of 0.2 second maximum ....................... . 
AC Plate Supply Voltage (Per Plate, rms) ..................... . 
Average Output Current (Per Plate, rms) ..................... . 
Peak' Heater-Cathode Voltage •................................• 
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) .........• 
Filter Input Capacitor" ......................... . 
Effective Plate-Supply Impedance Per Plate ...... . 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of { 6~8 :! 
At full-load CUrl'ent of { l~g ::~ 

Voltage Regulation (Approx.): 
Half-load to full-load current ............... . 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ......... . 
Filter Input Choke ...............................• 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of, { 6J.~ ~ 
At full-load current of { ~~g :! 

.. 
!< 
..J 

'" 0: 

~ 
U) 80 

~ 
~ 
~ 60 

iii 40 

~ 
~ 20 

g 

RATING CHART 

TYPE 6AX5-GT 
E,"6.3 VOLTS 

MAX/MUM (}PERArIN6 VALVES WITH: r CHOKE-INPUT' FILTER 
CAPACITOR -INPUT FILTER 

A 

7~~4::'-~ :!lL' ~ , ,'\ 
I\D , , 

I , , I , , 
58' '350 G 450 

o 100 200 300 400 500 

700 
10 
50 

395 

350 

45 

700 
10# 

270 

250 

AC PLATE SUPPLY VOLTS (HIlS) PER PLATE (WITHOUT LOAD) 
9ZC'-1I.:sn 

PoZ~6POj 
2 7 

H H 
I 8 

He K 

6S 

1250 vO,lts 
375 mA 

2.6 ampere 
See Rating Chart 
See Rating Chart 

±450 volts 

900 volts 
10 p,F 

105 ohms 

volts 
540 volts 

volts 
490 volts 

50 volts 

900 volts 
10## henrie8 

volts 
365 volts 

volts 
350 volts 
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Voltage Regulation (Approx.): 
Half-load to full-load current 20 15 volts 

• Higher values of capacitance than indicated may be used, ,but ,the effective plate·supply 
impedance may have to be increased to prevent exceedjng",the'lIIaximum rating for bot· 
switching transient plate current. '" .' " 
# This value is adequate to maintain optimum regulation providea :the load current is not 
less than 30 rnA. For load currents less tban 30 rnA, a largeryahie of inductance is required 
for optimum regulation. ' ' " ' 
## This value is adequate to maintain optimum regulation provided -the load current is not 
less than 35 mAo For load currents less than 85 mA, a larger value of inductance is required 
for, optimum regulation. 

Refer to chart at end of section. 

'HALF-WAVE 
VACUUM RECTIFIER 

6AX8 

6AY3 
6AY3B 

12A Y3, 12A Y3A, 
17AY3, 17AY3A 

Novar types used as damper tubes in horizontal-de­
flection circuits of black-and-white television receivers. 

9HP Outlines section, llD and 30B, respectively; require 
novar 9-contact socket. Socket terminals 1, 3, 6, and 8 should not be used 
as tie points. It is especially important that these tubes, like other power­
handling tubes, be adequately ventilated. Types 12A Y3 and 12A Y3A and 
types 17 A Y3 and 17 A Y3A are identical with types 6A Y3 and 6A Y3B except 
for heater ratings. 

Heater Voltage (ac/dc) .....................••• 
Heater Current ... , .......................... . 
Heatel' Warm.up Time (Average) ............. . 
Direct Interelectrode Capacitances (Approx.): 

6AY3 
6AY3B 

6.3 
1.2 

l2AY3 
12AY3A 

12.6 
0.6 
11 

Plate to Cathode and Heater ...............................• 
Cathode to Plate and Heater ... ' .......................... . 
Heater to Cathode .......................................• 

Damper Service 
For operation in a 525.line, 30·frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Iuverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ........................................ . 
Plate Dissipation .............................................. . 
Heater-Cathode Voltage: 

17AY3 
17AY3A 

16.8 
0.45 

11 

6.5 
9.0 
2.8 

5000 
1100 

175 
6.5 

volts 
ampel'es 
seconds 

pF 
pF 
pF 

volts 
rnA 
rnA 

.... att. 

Peak value .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +300 -5000 volts 
Average value ................... _............ +100 -900 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 6AY11 

9ED 

MEDIUM·MU TRIODE­
SHARP-CUTOFF PENTODE 6AZ8 

Miniature type used in color and black-and-white tele­
vision receiver applications. The pentode unit is used 
as an if amplifier, video amplifier, agc amplifier, 01' 

reactance tube. The triode unit is used in low-frequency 
oscillator, sync-separator, sync-clipper, and phase­
splitter circuits. Outlines section, 6B; requires minia­
ture 9-contact socket. 

Heater Voltage (acldc) ......................................•• 6.3 
0.45 

volts 
ampere Heater Current ................................................ . 

Heater-Cathode Voltage:. 
Peak value ...............................................•• 
Average value _____ ......... ,. ___ .................... ; ..... . 

±200max 
100 max 

volts 
volts 
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Dh-eet Interelectrode CapBcitBnces: 
Triode Unit:· 

Grid .to· Plate .................................. .'.' ..•........ 
Griil to Cathode'; Heater, Pimtode Grid No.3, andlntel'nBI Shield 
J:'late to Cathode, Heater, .Pentode Grid No.3. Bnd Internal· Shield 

Pentode Unit: 
Grid No.1 to Plate ............................ .': .......... . 
Grid No.1 to Cathode, Heater. Grid No.2. Grid No.3, Bnd 

Internal Shield .......................................... . 
Plate to CBthode, Heater, . Grid No.2, Grid No.3, Bnd 

Internal Shield, .......................................... . 
Triode Grid to Pentode Plate , ......................•.......... 
Pentode Grid No.1· to Triode Plate ........................... . 
Pentode Plate to Triode Plate ...................•............ 

1.7 
2 

1.7 

0.02mBX 

6,1>., 

2.2 
0.027 max 
0;020 max 
0.045 max 

llF 
pF 
pF 

pF 

pF 

pF 
.pF 
pF 
pF 

• The heater-cathode voltage of the pentode unit should not exceed the value of the operating 
cathode bias. Grid No.3 will be made negative with respect to cathode if this value is ex­
ceeded, and thus possibly cause a change in tube characteristics. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage " ... , ............. , ........... ; ... . 
Grid-No.2 (Screen-Grid) Supply Voltage .......... . 
Grid-No.2 Voltage .................... , ........... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ...............•.................. 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts , ... , ..... 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................ .. 
GI·id-No.2 Voltage ................. , ... , ......... . 
Grid-No.1 Voltage ...............................• 
Cathode-Bias Resistor .............. , ............. . 
Amplification Factor ........................ , .... . 
Plate Resist"nce (Approx.) .................... , .. . 
TrBnsconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current , ......... ,' ..... , ............. . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p,A ................ , ..... , ... ,., ....... , ..• 
Grid-No.1 Voltage (Appro".) for transconductance 

of 100 p,mhoB " ............................. . 

Triode Unit Pentode Unit 
300 300 volts 

300 volts 
See curve page 96 

0 0 volts 
2.6 2 watt. 

0.5 watt 
See curve pBge 96 

200 200 volts 
150 volts 

-6 volt. 
180 ohms 

19 
5750 300000 ohms 
SSOO 6000 pmhos 

13 9.5 mA 
3 mA 

-19 volts 

-12.5 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:· 

For :fixed-bias operation ........•.............. O.~ 0.25 megobm 
For cathode-bias operation .................... 1.0 1.0 megohm 

• If either unit is operating at maximum rated conditions. gl·id-No.l-ch·cuit resistance for 
both units shonld not exceed the stated values. 

684G 

685 

686G 

687 
6875 

688 

688G 

6810 
8BI0 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

TWIN DIODE­
MEDIUM-MU TWIN TRIODE 

Duodecar type used in television receiver applications; 
diode units are used in horizontal-phase-detector cir­
cuits, and triode units are used in horizontal-oscillator 
circuits. Outlines section, SA; requires duodecar 12-· 
contact socket. Type SBI0 is identical with type GRIt) 
except for heater ratings. 12BF 
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GBIO 8BIO 
Heatel' Voltage (ac/dc) ....................•••.••• 6.3 8.5 
Heater Cunent ........................... . 0.6 0.45 
Heater Warm.up Time (Avel'age) ., .............. . 11 11 
Heatel'-Cathode Voltage: 

Peak vall1e .,., .. , .. , ... , .... , ............... . ±200 max ±200 max 
Average value .............. . 100 max 100 max 

Class A, Amplifier (Each Triode Unit) 
MAXIMUM RATING (Design-Maximum Value) 
Plate Voltage .,.".,., ........................................ . 
Average Cathode CUl'l'ent ...... , .... , .... , ... , ................. . 
Plate Dissipation .. , ........... , .......................... . 
CHARACTERISTICS 
Plate Voltage .. , ....... , ..... , ................................ . 
Grid Voltage .................................................. . 
Amplification Factor .......................................... . 
Plate Resistance (ApPl'ox.) .................................... . 
Tl'ansconductance .............................................. . 
Plate CUl'rent ................................................. . 
Grid Voltage (Approx.) for plate curl'ent of 50 /LA ............. . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias opel'ation ................................... . 
For cathode-bias operation ..... . ............... . 

.D.io~e Units (Each Unit) 
MAXIMUM RATING (Design-Maximum Value) 
Plate CUl'l'ent ....... . .......................• 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate curl'ent of 20 rnA .................• 

330 
20 

3 

250 
-8 

18 
7200 
2500 

10 
-20 

0.25 
1 

6 

163 

~,!1t.!'l 
BTI"J..pe)'e 
f.f.'(:oD(l:o:;: 

"olt~ 
rnA 

watts 

volts 
volts 

ohms 
jLmhos 

rnA 
volt. 

mA 

volts 

HALF-WAVE 
VACUUM RECTIFIER 6BA3 

9HP 

NovaI' type used as damper tube in horizontal-deflec­
tion circuits of black-and-white . television receivers. 
Outlines section, UB or aoc; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, and 8 should not be 
used as tie points. This tube, like other powel'-ha.ndling 
tubes, should be adequately ventilated. 

~:i:; ~:;;:~~ .(~~/d~).:::::::::::::::::::::::::::::::::::::::: 
Direct Intel'electrode Capacitances (Appl'Ox.): 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater .............................. . 
Heater to Catbode ........................................ . 

Damper Service 

6.3 
1.2 

40.4 
6 

1.8 

volt.. 

IlF 
pF 
IlF 

For operation in a 525-line, 30~frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Invel'se Plate Voltage# .................................. . 
Peak Plate Current ..................... ; ..................... . 
Average Plate CUl'rent ........................................ . 
Plate Dissipation .............................................. . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value .... . ......................... . 

+300 
+100 

5000 
1000 
165 
6.3 

-5000 
-900 

""olts 
mA 
mA 

watts 

volts 
volts 

"" Pulse duration must not exceed 15% of a hOlizontal scanning cycle (10 microseconds)_ 

7BK 

REMOTE·CUTOFF PENTODE 
6BA6 

6BA6/EF93 
3BACi,12BACi 

Miniature types used as rf amplifiers in standard broad­
cast and PM receivers, as well as in wide-band, high-
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frequency applications. The low value of grid-No.l-to-plate capacitance 
minimizes regenerative effects, while the high transconductance makes pos­
sible high signal-to-noise ratio. Outlines section, 5C; require miniature 
7-contact socket. Types 3BA6 and 12BA6 are identical with type 6BA6 
except for heater ratings. 

SBAG 
3BA6 6BA6/EF93 12BAG 

Heater Voltage (acldc) .....•....••••••.••• 3.15 6.3 12.6 volts 
Heater Current ............................ 0.6 0.3 0.15 ampere 
Heater Warm-up Time (Average) .........• 11 seconds 
Heater-Cathode Voltage: 

Peak value ...................• • • . • . . • • ±200 max ±200 max ±200 max volts 
Average value .............. : ....•...... :.' 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ,........................................ 0.0035 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ..... . .. .. . . . .. .. . . . . . . . . . . . . . . . . . . . . . . .. . . . 5.5 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 5- pF 

- This value is 5.5 pF with external shield connected to cathode. 

Class Al Amplifier 
MAXIMUM RATINGS (Oesig(l-Maximum Values) 
Plate Voltage ........ > .. ; .... : .................................. . 
Grid-No.3 (Suppressor-Grld.Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Voltage ............... : ............... . 
Grid-No.2 Supply Voltage ..................................... . 
Plate Dissipation .............................................. . 
Gdd-No.2 Input: . 

For gdd-No.2 voltages up to 165 volts ...................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

. Grid-No.1 (Control-Grid) Voltage: 
Negative-bias value ........................................ . 
Positive-bias value ......................................... . 

CHARACTERISTICS 

330 volts 
o volts 
See curve page 96 

330 volts 
3.4 watts 

0.7 watt 
See CUrve page 96 

-55 
o 

volts 
volts 

Plate Supply Voltage ........................... . 
Grid No.3 and Internal Shield ................... . 

100 250. volts 
Connected to cathode at socket 

Gl·id-No.2 Supply Voltage ........................ . 100 100 volts 
Cathode-Bias Resistor ........................... . 68 68 ohDlll 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 

0.25 1.0 megohm 
4300 4400 j£mhos 
10.8 11 mA 

Grid-No.2 Cnrrent ............................... . 4.4 4.2 rnA 
Grid-No.1 Voltage (Approx.) for transconductance 

of 40 ~mhos ................................. .. -20 -20 volts 

PLATE VOLTS 
92CS-6609T 

Installation and Application 
Control-grid bias variation is effective in changing the volume of the 

receiver. To obtain adequate volume control, an available grid-No.l-bias 
voltage of approximately 50 volts is required. The exact value depends upon 
the circuit design and operating conditions. This voltage may be obtained, 
depending on the receiver requirements, from a potentiometer across a fixed 
supply voltage, from a variable cathode-bias resistor, from the avc system, 
O.r from a combination of these methods. 
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The grid-No.2 (screen-grid) voltage maybe obtained from a poten­
tiometer or bleeder circuit across the B-supply source, or through a drop­
ping resistor from the plate supply. The use of series resistors for obtaining 
satisfactory control of grid-No.2 voltage in the case of four-electrode tubes 
is usually impossible because of secondary-emission phenomena. In the 
6BA6, however, because grid No.3 practically removes these effects, it is 
practical to obtain grid-No.2 voltage through a series-dropping resistor from 
the plate supply or from some high intermediate voltage, provided the 
source does not exceed the plate-supply voltage. With this method, the 
grid-No.2-to-cathode voltage will fall off very little from minimum to 
maximum value of the resistor controlling cathode bias. In some cases, it 
may actually rise. This rise of grid-No.2-to-cathode voltage above the nor­
mal maximum value is allowable because both the grid-No.2 current and the 
plate current are reduced simultaneously by a sufficient amount to prevent 
damage to the tube. It should be recognized that, in general, the series­
resistor method of obtaining grid-No.2 voltage from a higher voltage supply 
necessitates the use of the variable cathode-resistor method of controlling 
volume in order to prevent too high a voltage on grid No.2. When grid-No.2 
and control-grid voltage are obtained in this manner, the remote "cutoff" 
advantage of the 6BA6 can be fully realized. However, it should be noted 
that the use of a resistor in the grid-No.2 circuit has an effect on the 
change in plate resistance with variation in grid-No.3 (suppressor-grid) 
voltage in case grid No.3 is utilized for control purposes. 

PENTAGRID CONVERTER 6BA7 

BCT 

Miniature type used as converter in AM and FM re­
ceivers. Outlines section, 6E; requires miniature 9-
contact socket. 

Heater Voltage .......................................••••. ' ••••• 
Heater Current .............................................. '. :'. 
Peak Heater-Cathode Voltage ..........................•.....•.•• 
Direct Interelectrode Capacitances: 

Grid No. 3 to All Other Electrodes ................•.....•••• 
Plate to All Other Electrodes .............................••• 
Grid No. 1 to All Other Electrodes ..........................• 
Grid No. 3 to Plate .....................................•.. ' •• 
Grid No. 3 to Grid No.1 ............................. ' .•....•• 
Grid No. 1 to Plate .......................................•.• 
Grid No. 1 to All Other Electrodes, except Cathode ........... . 
Grid No.1 to Cathode .......................................• 
Cathode to All Other Electrodes except Grid No.1 ...... , .• ,._ 

Converter Service 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ........................................ : .••••••••• 
Grid-No.5-and-Internal-Shield VoltageA ..... , ..................... . 
Grids-No.-2-and-No.4 (Screen-Grid) Voltage ....................•.• 
Grids-No.2-and-No.4 Supply Voltage ................. ' ...•........•• 
Plate Dissipation .......................... ; ...........••.•..•.•• 
Grids-No.2-and-No.4 Input ' ............ ; ......................... ; 
Total Cathode Current .............................. ; ........... . 
Grid-No.3 Vciltage:' ' 

Negative-bias value ..................... ; •••••.•••••••••• " • 
Positive-bias value ............. . 

CHARACTERISTICS (Separate Excitation),", 

6.S 
0.3 

±90 

9.5 
8.3 
6.7 
0.19 max 
0.1 max 
0.05 max 
3.4 
3.3 
4.0 

300 
o 

100 
300 
2.0 
1.5 
22 

-100 
o 

volts 
ampere 

volt. 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 
volts 

watts 
watts 

mA 

volts 
volts 

Plate Voltage, ........ , ............................. . 100 250 volts 
Grid No.5 and Internal Shield" ............ :.";, .•.••• 
GJ;ids-No.2-and-No.4 (Screen-Grid) ,:,"oltage ' .•.•• :~ •• _ 

Connected directly to ground 
100 100 volta 
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Grid-No.3 (Control-Grid) Voltage .................. . 
Grid-No.1 (Oscillator-Grid) Resistor .........•.••.•• 
Plate Resistance (Approx.) ........................ . 
Conversion Transconductance .................•...•• 
Conversion Transconductance (Approx.) ••........•• 
Plate Current .....................................• 
Grids-No.2-and-No.4 Current ......................•. 
Grid-No.1 Current ................................ . 
Total Cathode Current ............................. . 

-1.0 
20000 

0.5 
900 
3.5 
3.6 

10.2 
0.35 
14.2 

-1.0 
20000 

1.0 
950 
3.5 
8.S 
10 

0.35 
14.2 

volt 
ohms 

megohm 
pmhos 
pmhos 

mA 
rnA 
mA 
mA 

NOTE: The tranSconductance between grid No.1 and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately SOOO pmhos under the following conditions: signal applied to 
grid No.1 at zero bias; grids No.2 and No.4 alld plate at 100 volts; grid No.3 grounded. Under 
the same conditions, the plate current is 32 milliamperes, and the amplification factor is 16.5. 
• The characteristic. shown with separat" excitation correspond very closely with those ob. 
tained in a self-excited oscillator circuit operating with zero bias • 
... With grid-No.3 bias of -20 volts. 
A Internal Shield (pins No.6 and No.S) connected directly to ground. 

6BA8A 
IBAIA 

MEDIUM-MU TRIODE­
SHARP·CUTOFF PENTODE 

Miniature type used in color and black-and-white tele­
vision receivers. The pentode unit is used as a video 
amplifier, an agc amplifier, or a reactance tube. The 
tri_ode unit is used in low-frequency oscillator and 
phase-splitter circuits. Outlines section, 6E; requires 
miniature 9-contact socket. Type 8BA8A is identical 
with type 6BA8A except for the heater ratings. 

Heater Voltage (ac/dc) .......................... .. 
Heater Current ..........................•........• 
Heater Warm-up Time (Average) ....•...........•• 
Heater-Cathode Voltage: 

Peak value ......... : ........................ .. 
Average value ............................... .. 

Direct Interelectl'ode Capacitances (Approx.): 
Triode Unit: 

Grid to Plate ................................. . 
Grid to Cathode and Heater .: ............•.•.•• 
Plate to Cathode and Heater ..................•• 

Pentode Unit: 
Grid No.1 to Plate ......................... ' ... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield ................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ......................... . 
Triode Grid to Pentode Plate .................... . 
Pentode Grid No.1 to Triode Plate ............. ; .. 
Pentode Plate to Triode Plate ...................•. 

6BASA 
6.3 
0.3 
11 

±100 max 
100 max 

2.2 
2.5 
0.4 

0.06 

10 

3.6 
0.016 
0.006 
0.15 

• With external shield connected to cathode of unit under test. 

8BASA 
8.4 

0.45 

±200max 
100 max 

2.2 
2.7 
1.9 

0.05 

10 

4.5 
0.006 
0.003 
0.023 

Class A. Amplifier 
MAXIMUM RATINGS (Design·Center Values) Triode Unit Pentode Unit 
Plate Voltage ............. : ............. ' ............ . 
Grid-No.2 (Screen-Grid) Supply Voltage ........•...• 
Grid-No.2 Voltage ................................. .. 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ......................•.••• 
Positive-bias value .......................... .. 

Plate Dissipation ..............................•.•• 
Grid-No.2 Input: 

For grid·No.2 voltages up to 150 volts ......... . 
For grid·No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 
Piate-Supply Voltage ............................ .. 
Grid-No.2 Supply Voltage ; ........................• 
Grid-No.1 Voltage ....................... : ........• 
Cathode-Bias Resistor .............................• 
Amplification Factor ............................ ; ...• 
Plate Resistance (Approx.) ............... ; ...... .. 
Transconductance .................................• 
Plate Current ........................... : ........ . 
Grid-No.2 Current •................................ 
Grid-No.1 Voltage (Approx.) for plate current of 

10 pA ....... : .................................. . 

300 

,2 

200 

-8 

18 
6700 
2700 

Ii 

-16 

300 
300 

See curve page 96 

-50 
0 

3.25 

1 
See curve page 96 

200 
150 

180 

400000 
9000 

13 
3.5 

-10 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

volts 
volts 

volts 
volts 

watts 

watt 

volts 
volts 
volts 
ohms 

ohms 
pmhos 

rnA 
mA 

volts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .......................• 
For catbode-bias operation ....................• 

0.5 
1.0 

TRIODE-TWIN PENTODE 

0.25 
1.0 

167 

megohm 
megohm 

6BA11 
SBAll 

.. 
12ER 

Duodecar type used as vertical-deflection oscillatox 
and fox combined sync-age applications in colox and 
black-and-white television receivers. Outlines section, 
8B; requires duodecar 12-contact socket. Type 8BAll is 
identical with type 6BAll except for heater ratings. 

Heatel" Voltage (a.ejdo) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time ............................ . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ................................• 

Direct Interelectl'ode Capacitances: 
Triode Unit: 

6BAll 
6.3 
0.6 
11 

±200max 
100 max 

Grid to Plate ............................................... . 
Grid to Cathode and Heater ................................. . 
Plate to Cathode, Heat"r, and Internal Shield ................• 

Pentode Unit (Each Unit) : 
Grid No.3 to Pla,te .......................................... . 
Grid No.3 to all Other Electrodes ...........................• 
Grid No.1 to all Other Electrodes ..........................•• 
Plate to all Other Electrodes ...............................• 

Grid No.3 of Pentode 1 to Grid No.3 of Pentode 2 ...............• 

Triode Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ..................................................• 
Average Cathode Current ...................................... . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid Voltage ................................................... . 
Amplification Factor ........................................... . 
Transconductance . _ ............................................ . 
Plate Current .................................................• 
Grid Voltage (Approx.) for plate current of 100 /LA ........•.•••• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias opel'a tion ...................................• 
For cathode-bia.s op(>1'8,tio)] ................................... . 

H 

MEDIUM-MU TRIODE 

SBAll 
8.4 volts 

0.45 3mper~ 

11 t;,econds 

±200 max volts 
100 max volts 

2.0 pF 
2.0 pF 
1.9 pF 

2.0 JlF 
3.6 pF 
6.0 pF 
3.0 pF 
0.026 max JlF 

300 "olts 
20 rnA 

1.5 watts 

250 volts 
-11 voHs 

18 
1800 p,mhfJs 

5 mA 
-18 V(lJts 

0.25 m~ohm 
1 D}('gQhm 

6BC4 

9DR 

Miniature type used as an rf amplifier in the cathode­
drive circuits of uhf television tuners covering the fre­
quency range of 470 to 890 MHz. Outlines sect.ion, 6A; 
re(luil'es miniature 9-contact socket. 

Heater Voltage (ac/de) ......................................... . 
Heater Current .................................. , .............. . 
Peak Heater-Cathode Voltage ...... , .......................... . 
Direct IntereJectrode Capacitances (Approx.): 

Grid to Plate .. . . . ...................................•.... 
Grid to Heater and Cathode .............. , ...... , ........... . 
Plate to Heater and Cathode ................................• 
Heater to Catho,le ......................................•.••• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ...........................................••..•.•• 
Cathode Cnrrent ...............................................• 
Plate Dissipation ..........................•..•..••..•.........•• 

6.3 
0.225 
±75max 

1.6 
2.9 

0.26 
2.7 

250 
25 

2.5 

volts 
ftn1pel"~ 

volts 

pF 
pF 
pF 
pF 

"olt. 
rnA 

..... Us 
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CHARACTERISTICS 
Plate Supply Voltage ...........•........•..••..•••............•• 
Cathode-Bias Resistor .................... ' ....................... . 
Amplification Factor ., .. , .. , .................................... . 
Plate Resistance (Approx.) , .......... , ................. " ...... . 
Transconductance ..... , ............. , .......................... . 
Plate Current, ... , ........ , .. , .. , .... ,., ... , ................. , .. 
Grid Voltage (Approx.) for plate current of 10 itA ............... . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation .,., .................................• 
For cathode-bias opel'ation ................................. . 

6BCS 
3BC5/3CE5 SHARP-CUTOFF PENTODE 

Miniature type used in compact radio equipment as an 
IT or if amplifier at frequencies up to 400 MHz. Out­
lines section, 5C; requires miniature 7-contact socket. 
For typical operation as resistance-coupled amplifier, 
refer to Resistance-Coupled Amplifier section. Type 
3BC5/3CE5 is identical with type 6BC5 except for 
heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ... ,' ......... , ...................•• 
Heater Warm-up Time (Average) ........•........•• 
Heater-Cathode Voltage: 

3Bcs/aCES 
3.15 

0.6 
11 

150 volts 
100 ohms 
48 

4800 ohms 
10000 ~mho. 

14.5 mA 
-10 volts 

Not recommended 
0.5 megohm 

~
4 ~~ 

rl 3 . 6 G2 

K K 
(;32 7 G3 
15 15 

1 
G, 

7BD 

6BC5 
6.3 volts 
0.3 ampere 

seconds 

Peak value ........ , ........ c •••• : ••••••••••••• 
Average value .................. J •••• 0.' •••••••• 

±200max 
100 max 

±90max volts 
volts· 

Direct Interelectrode Capacitances: ' 
Pentode Connection: ' 

Grid No.1 to Plate, ......... , . '. , . , . ' . , ... , ... , ......... , .... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ... ; .... , .... ,' _ . , . , ' , , , , " _".,., .. ,.".,. 
Plate to Cathode, Heater, Grid No.2, Grid No.3. and Internal 

Shield ,. _ ~ , . , " ......... , ... , ............................. . 
Triode Connection:· 

Grid No.1 to Plate and Grid No.2 .. ,." ..... ;, .. ,., .... , .. , ..• 
Grid No.1 to Cathode, Heater, Grid No.3, and Internal Shield .. 
Plate 'and Grid No.2 to Cathode, Heater, Grid No.3, and 

Internal Shield ,_ ' ..............................•.......••• 

• Grid No.2 connected to plate. 

0.030 max 

6.5 

1.8 

2.5 
3.9 

3.0 

Class A1 Amplifier 
MAXIMUM RATINGS (Design·Center Values) 

Triode Pentode 

Plate Voltage ....• ', ... , ..... c., ..... , .•••.......• 
Grid-No.2 (Screen·Grid) Supply Voltage, ....... ,., .. 
Grid·No.2 Voltage ,_ , , _ . __ , , ... _ , . ___ , _ .. _ .. _ ... , ... 
Grid·No .. 1 (Control·Grid) Voltage, Positive·bias value. 
Plate Dissipation. , .. ,., ... , .................. , ..... . 
Grid.No.2 Input: 

For grid.No.2 voltages up to 1.50 volts ,_,.,", .. 
For grid-No.2 voltages between 150 and 300 volts, 

CHARACTERISTICS 
Plate Supply Voltage .'., ......................... . 
Grid-No.2 Supply Voltage, ........................ . 
Cathode-Bias Resistor , .. , ........ , ..... ' .. _ ... _ ... . 
Amplification Factor ,., .... ' ................ , ..... . 

Conneetion" Connection 
300 300 

o 
2.5 

Triode 
Connection 0 

180 250 

330 820 
42 40 

300 
See curve page 96 

o 
2 

0.5 
See curve page 96 

Pentode 
Connection 

100 125 250 
100 125 150 
180 100 180 

pF 

pF 

pF 

pF 
pF 

pF 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
ohms 

Plate Resistance (Approx.) ... , ............... ,., .. 0.006 0.009 
6000 4400 

8 6 

0.6 0.5 0.8 megohm 
Transconductance _.' ................. ,.......... . 
Plate Current .. ,., ...... ,., ... , .................. . 

4900 6100 5700 I'mhos 
4.7 8 7.5 mA 

Grid-No.2 Current ......... , ... ,.,., ... ,., ... " ... . 1.4 2.4 2.1 mA 
Gdd·No.1 Voltage (Approx.) for plate current of 

10 itA , .. _ ... ", .... ,., _ ...................... . --:-5 -6 -8 volts 

• Grid No.2 connected to plate. 
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TRIPLE DIODE 6BC7 

9AX 

Miniature type containing three high-perveance diode 
units in one envelope; used in dc restorer circuits of 
color television receivers and in AM/FM radio re­
ceivers as a combination FM discriminator and AM 
detector tube. Outlines section, 6B; requires 9-contact 
miniature socket. 

Heater Voltage (ac/dc) ......................................... . 6.3 volts 
Heater Current ....................................... , .. 0.450 ampere 
Peak Heatel'-Cathode Voltage ................................... . ±200 max volts 

Direct Interelectrode Capacitances (Approx.): 
Diode-No.1 Plate to Diode-No.1 Cathode, Heater, and 

Di~d~:w:k S;::~ to Di';d';.N~:2· C;'thod~:' H~ate~" and········ 3.5 pF 

Di~d~:W:~ s;f:!~ to Diode.No.3·· Cathode, Heat.;~ .. 'and' ...... . 
Internal Shield ................ . 

5.5 pF 

3.5 pF 
MAXIMUM RATINGS (Design-Center Values, Each Diode Unit) 
Peak Inverse Plate Votlage ..................................... . 3~0 volts 
Peak Plate Current· ........................................... . 54 rnA 
Average Output Current ........................................ . 12 mA 

* In rectifier service, the minimum total effective plate-supply impedance per plate is 560 ohms. 

6BC8 
MEDIUM-MU TWIN TRIODE 4BC8 

9AJ 

Miniature type used as a cascode amplifier in vhf tele­
vision tuners and in push~pun cathode-drive rf ampli­
fiers. Outlines section, 6B; requires miniature 9-contact 
socket. Type 4BC8 is identical with type 6BC8 except 
for heater ratings. 

Heater Voltage (aeldc) ........................•..• 
Heatel' Current ...................................• 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ....................... , ........ . 

Direct Interelectrode Capacitances·: 
Grid to Plate ................................. . 
Grid to Cathode, Heater. and Internal Shield ... . 
Cathode to Grid, Heater. and Internal Shield ... . 
Plate to Catho<i.o;. Heater, and Internal Shield ... . 
Plate to Grid, Heater, and Internal Shield ..... . 
Plate to Cathode .............................. . 
Heater to Cathode ............................ . 
Plate of Unit No.1 to Plate of Unit No.2 ....... . 
Plate of Unit No.2 to Plate and Grid of Unit No.1 

4BC8 
4.2 
0.6 
11 

6BC8 
6.3 
0.4 

±200·max ±200"max 
100 max 100 max 

Unit No.1 Unit No.2 
1.2 1.2 
2.6 

1.3 
5.5 

2.4 
0.12 

2.8 2.8 
0.02 max 
0.04 max 

volts 
ampere 
seconds 

volts 
volts 

pII' 
pF 
pF 
pF 
pI' 
pF 
pF' 
pF 
pF 

.. Rating may be as high as 300 volts under cutoff conditions. when tube is used as .. cascode 
amplifiel"~ the two units Sloe connected in .series. and heater is negative with respect to cathode . 
.. With external shield connected to internal shield. 

Class At Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............................................ : .....• 250" volts 
Cathode Current ................................................ . 22 rnA 
Plate Dissipation ............................................... . 2.2 watts 
CHARACTERISTICS 
Plate Supply Voltage ..........................................•• 150 volts 
Cathode-Bias Resistor ........................................... . 2:W ohms 
Plate Resistance (Approx.) ..................................... . 
Amplification Factor ........................................... . 

5300 ohms 
35 

Transconductance .............. 0 • 0 0 •• 0 ••• 0 • 0 •••••••••••• 0 ••••••• 

Plate Curt"ent .................................................•• 
6200 pmhos 

10 mA 
Grid Voltage (Approx.) for transconductance of 50 pmhos ..•.••... -13 volts 
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MAXIMUM CIRCUIT VALUES 
frid-9ircuit Resistance .............................•............ 0.5 megohm 
Ra~mg may be "" ~igh as 300 volts under cutoff conditions, when tube is used as a cascode 

amplifier, the two umts are connected in series, and heater is negative with respect to cathode. 

6B04 
6B04A Refer to chart at end of section. 

6B06 Refer to chart at end of section. 

6BDll 
15BDll 

DUAL TRIODE­
SHARP-CUTOFF P·ENTODE 

Duodecar 'type used in television receiver applications. 
The high-mu triode unit No.1 is used in general­
purpose applications, the medium-mu triode unit No.2 
in sync-separator circuits, and the pentode unit as a 
video amplifier. Outlines sect.ion, 8B; requires duodecar 
12-contact socket. Type 15BDll is identical with type 
6BDll except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

68D11 
6.3 

1.05 

158Dll 
14.7 
0.45 

11 

Peak value .................................... ±200 max ±200 max 
Average value................................. 100 max 100 max 

Triode Triode Pentode 
MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 Unit No.2 . Unit 
Plate Voltage ................................. . 330 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage ........ . 330 

volts 
amperes 
seconds 

volts 
volts 

volts 
volts 

Grid-No.2 Voltage ............................. . See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value. . ............................... . 
Plate Dissipation .............................. . 
Grid-No.2 Input: 

For grid-No.2 voltages tIP to 165 volts ...... . 
For grid-No.2 voltages between 165 and 330 

volts .................................... . 

o 
1.5 

Triode Triode 
CHARACTERISTICS 
Plate Supply Voltage ............... . 
Grid-No.2 Supply Voltage .........•.. 
Grid-No.1 Voltage .................... . 
Cathode-Bias Resistor ............... . 
Amplification Factor ................ . 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 
Plate Current ...................... . 
Grid-No.2 Current ................... . 
Grid-No.1 Voltage (Approx.) for plate 

current of 100 /LA .......•.•.•••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Unit No.1 Unit No.2 
200 200 

-2 

68 
12400 

5500 
7 

-5.1i 

220 
41 

9400 
4400 

9.2 

--6.5 

For fixed-bias operation .........• 0.5 0.5 
1 For cathode-bias operation ....... 1 

o 
2 

o 
4 

1.1 

volts 
watts 

watts 

See curve page 96 

Pentode Unit 
35 135 

135 135 
o 0 

1 
1 

100 

45000 
10400 

17 
4 

-6 

volts 
volts 
volts 
ohms 

ohms 
pmhos 

mA 
rnA 

volts 

megohm 
megohm 

• This value may be measured by. a method involving 
maximum ratiDJrs of the tube will not be exceeded. 

a recurrent waveform such that the 

6BE3 
128El, 17BE3 

HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used as damper tube in horizontal-de- NC ;, 
flection circuits of color and black-and-white television 
receivers. Outlines section, 8D; requires duodecar 12-
contact socket. Types 12BEa and 17BEa are identical 
with type 6BEa except for heater ratings. 
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Heater Voltage (ae/dc) ..................•...•.• 
Heater Current ...............................• 
Heater Warm-up Time (Average) .............• 
Direct Interelectrode Capacitances (Approx.): 

6BE3 
6.3 
1.2 

12BE3 
12.6 
0.6 
11 

Plate to Cathode, and Heater ............................... . 
Cathode to Heater, and Plate ............................... . 
Heater to Cathode .......................................... . 

Damper Service 
For operation in a 525-Iine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................... . 
Heater-Cathode Voltage: 

Peak value ................................... +300 
Average value............. .................... +100 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for de plate current of 350 mA ............... . 

17BE3 
16.8 
0.46 

11 

10 
8.0 
3.4 

5000 
1200 

200 
6.5 

-5000 
-900 

25 

171 

volts 
ampere 
seconds 

pF 
pF 
pF 

volts 
mA 
mA 

watts 

volts 
volts 

volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

PENTAGRID CONVERTER 6BE6 

7CH 

3BE6,12BE6 

Miniature type used as converter in AM and FM re­
ceivers. Outlines section, 5C; requires miniature 7-con­
tact socket. The 6BE6 is similar in performance to 
metal type 6SA 7. For general discussion of pentagrid 
types, see Frequency Conversion in Electron Tube Ap­
plications section, Types 3BE6 and 12BE6 are identical 
with type 6BE6 except for heater ratings. 

3BE6 6BE6 12BE6 
Heater Voltage (ac/dc) .................... 3.15 6.3 12.6 volts 
Heater Current ............................ 0.6 0.3 0.15 ampere 
Heater Warm-up Time (Average) .........• 11 seconds 
Heater-Cathode Voltage: 

Peak value ...........................• ±200 max ±200 max ±200 max volts 
Average value ........................• 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded-
Grid No.3 to Plate ............................ 0.30 max 0.25 max· pF 
Grid No.3 to Grid No.1 ........................ 0.15 max 0.15 max pF 
Grid No.1 to Plate ...........................• 0.10 max 0.05 max pF 
Grid No.3 to All Other Electrodes ............. 7.0 7.0 pF 
Grid No.1 to All Other Electrodes ...........• 6.5 6.6 pF 
Plate to All Other Electrodes ...............• 8.0 13.0 pF 
Grid No.1 to Cathode and Grid No.5 .........• 3.0 3.0 pF 
Cathode and Grid No.6 to All Other Electrodes 

except Grid No.1 ........................... 16.0 20.0 pF 

• With external shield connected to cathode and grid No.5. 

Converter 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .........................................•....•... 
Grids-No.2-and-No.4 (Screen-Grid) Voltage ..................... . 
Grids-No.2 .... nd-No.4 Supply Voltage ............................ . 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
Grids-No.2-and-No.4 Input .....................................• 
Grid-No.3 Voltage: 

Negative-bias value ........................................ . 
Positive-bias value .........................................• 

Heater-Cathode Voltage: 
. Peak value ....................................••..........• 
Average value ................................••...........• 

TYPICAL OPERATION (Separate Excitation)" 
Plate Voltage ...................................• 
Gdds.No.2-and-No.4 (Screen-Grid) Voltage .......• 
Gdd~:No.l (Oscillator-Grid) Voltage (rma) .......• 
Grid~No.3 (Control-Grid) Voltage ...............•. 
Grid-No.1 (Oscillator-Grid) Resistor ............••• 
Plate Resistance (Approx.) ............... ; .. , .... . 

100 
100 
10 

-1.5 
20000 

0.4 

330 volts 
110 volts 
330 volts 

15.5 mA 
1.1 watts 
1.1 watts 

-55 volts 
0 volts 

200 volts 
100 volts 

250 volts 
100 volts 
10 volts 

-1.5 volts 
20000 ohms 

1.0 megohm 
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Conversion Transconductance. . ...•.•.•..••.• ~ •.. :. ~. 
Plate Current .................................... . 
Grids-No.2-and-No.4 Current ....................... . 
Grid-No.1 Current ...............................• 
Cathode Current ................................•. 
Grid-No.8 Voltage for conversion transconductance 

455 
2.6 
7.0 
0.5 

10.1 

475 
2.9 
6.8 
0.5 

10.2 

IImhos 
rnA 
mA 
mA 
mA 

of 10 IImhos .................... '. . . . . . . . . . . . . . -30 -30 volts 

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately 7250 IImhos under the following conditions: gl'ids No.1 
and No.8 "t '0 volts; grids No.2 and No.4 and plate at 100 volts. Under the same conditions, 
the cathode current is 25 mA, and the amplification factor is 20. Grid-No.1 voltage (Approx.) 
for plate current of 10 IIA is -11 volts • 
.. The' characteristics shown with separate excitation correspond very closely with those ob­
tained in a self-excited circuit operating with zero bias. 

Installation and Application 
Because of the special structural arrangement of the 6BE6, a change 

in signal-grid voltage produces little change in cathode current. Conse­
quently, an rf voltage on the signal grid produces little modulation of the 
electron CUl'rent flowing in the cathode circuit. This feature is important 
because it is desirable that the impedance in the cathode circuit should 
produce little degeneration or regeneration of the signal-frequency input 
and intermediate-frequency output. Another important feature is that, 
because signal-grid voltage has very little effect on the space charge near 
the cathode, changes in ave bias produce little change in oscillator trans­
conductance and in the input capacitance of grid No.!. There is, therefore, 
little detuning of the oscillator by ave bias. 

A typical self-excited oscillator circuit employing the 6BE6 is given 
in the Circuits section. 

In the 6BE6 operation characteristics curves with self-excitation, Ek is 
the voltage across the oscillator-coil section between cathode and ground; 
Eg is the oscillator voltage between cathode and grid . 

. OPERATION CHARACTERISTICS 

., 
o 
J: 

~ 
5600 

S 
'U 
~50 0 

tl z e 40 
:> 
Q 
z 
::: 30 
on z .. 
I!: 20 
z 
o 

0 

0 

0 

iii 100 

~ 
8 

-WITH SELF" EXCITATION 

TYPE 6~.S6 
Er=6.3 VOLTS FLATE VOLTS:: 250 _ 
GRIOS~N1!2 & N~4 VOLTS=IOO 

g=\g:~:f ~~~~Jf8~:g~;SJ~'-ri5;;' -
p(,..)=~ X 100 (Sj~ T;XT), ,_ 

E~=o.eVOLTS_ 

11,:""= RIAS 

1/ T":'---
~ n l .4 

IL' \10'. 

/, i-"i ....... 
7 2.0 

\ 

-...... \ 
..... 

3.0 

1\20'. 

N6.o, 
I I 

o 0.5 1.0 1.5 
GRID-Nt I MILLIAMPERES (ICl) 

, eZCM-602$T, 

OPERATION CHARACTERISTICS 
WITH SEPARATE OSCILLATOR EXCITATION 

:g 
:J: 

§ 
S . 
~ 

u 

'" ~800 I u ., 

~ 5 
6 

u .. 
geoo ~12 

8 ~ 
on :::! 
~400 l&J 8 
0: Q 
... 0 

~ ~ 
~aoo u 4 

j;! 

B 

TYPE 68E6 
E,.=6.3 VOLTS 
PLATE VOLTS = ~50 
GRIDS~1'II22" N!4 VOLTS=IOO 
CRID- N1! 3 (CONTROL-GRID)VOLTS--1.5 
GRID-N~ I RESI$TOR-QHMS=20000 
CRID- 1'112 I CURRENT VARIED BY 

AD.JUSTMENi or rSCll,ATj VOLiAGE 

VRECOMMENDED MINIMUM 

r-- - I ]utrT -
~"'TH6DE buR~ENT 

V ..,. 
r- ,/' 

Sc V 

0 0.4 0.8 1.2 
.~RID·N'I MILLIAMPERES(lCI) 

92CM-0624T. 



TECHNICAL DATA 

6BF5 

6BF6 

Refer to chart at end of section. 

Refer to chart at end of section. 

6BF11 

173 

12EZ 

BEAM POWER TUBE­
SHARP·CUTOFF PENTODE lZBFll,17BFll 

Duodecar type used as combined detector and amplifier 
tube in color and black-and-white television receivers. 
The dual-control, sharp-cutoff pentode unit is used as 
an FM detector and the beam power unit as an af output 
amplifier. Outlines section, 8C; requires duodecar 12-
contact socket. Types 12BFll and 17BFll are identical 
with type 6BCll except for heater ratings. 

6BFll 12BFll 17BFll 
Heater Voltage (aejde) ........................ 6.3 12.6 16.8 volt. 
Heater Current ................................ 1.2 0.6 0.45 amperes 
Heater Warm-up Time (Average) ............... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value .................................... 100 max 100 max volts 
Average value ................................ ±200 max ±200 max volts 

Direct Interelectrode Capacitances: 
Pentode Unit: 

Grid No.1 to Plate ........................................... O.~6 pF 
Grid No.3 to Plate .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :~.2 pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ................................ ....... 6.5 pF' 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, Plate, 

and Internal Shield ........................................ 8.0 pF 
Grid No.1 to Grid No.3...................................... 0.11 pF 

Beam Power Unit: 
Grid No.1 to Plate ......................................... ,. 0.24 pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....................... . .......... ,... 13 pF 
Plate to. Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....................................... 10 pF 
Pentode Plate to Beam Power Plate ........................... 0.13 p.F 

Beam Power Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Average Cathode Current ....................................... . 
Plate Dissipation ............................................. , •• 
Grid-No.2 Input ...............................................•• 

140 

o 

Ii 
I 

TYPE 6BFII BEAM POWER UNIT 
DC GRID- No.2 VOLTAGE(EC )=110 

II' t,!!.- --r 0 

111. 
I,~ I Noll VOLTAGE (E91~2 

-DC GRID- . 

11'1 ~CJ -4 

1fT.' ~ 
..... - E8'~ -6 

~ ~ - - -2 -8 -- -
'r' .... - -§., - _~ -6 ~ - - - - -I 

100 400 

35 
<n 

"" 30 15 
Q. 

25 :1 
:::; 
...J 

20jii 

I 

I 

-", 

5i:] 

'" O~ 
! 

o 

5 ~ 
<> 

0 0 
200 300 

PLATE VOLTS 92CS-13742T 

11)5 
150 
65 

6.5 
1.8 

volts 
volts 
rnA 

watts 
watts 
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TYPICAL OPERATION 
Plate Voltage ............•.•..••••.•••...............•.....•..•• 
Grid.No.2 Voltage .............................................. . 
Grid·No.1 (Control.Grid) Voltage .................... ; ..........• 
Peak AF Grid·No.1 Voltage .......................•...... ' ......•• 
Zero·Signal Plate Current ................................ ' ..... .. 
Maximum·Signal Plate Current .................................• 
Zero·Signal Grid No.2 Current ..................................• 
Maximum·Signal Grid·No.2 Current .............................• 
Plate Res.lstance (Approx.) ..... , ... , ...........................• 
Transconductance ......................................... ' .....• 
Load Resistance ................................................ . 
Total Harmonic Distortion .....................................• 
Maximum·Signaj Power Output ........................... , ...... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation .......... "," .................... . 

CHARACTERISTICS 

til ... 
0: 

~ 
:IE 
:!20 
..J 
..J 

~15 
.c 
t! ... 
!;i10 

it. 
8 5 

o 

TYPE 6BFII 
PENTODE UNIT 
DC GRID-No.3 VOLTAGE (EC31-O V 
DC GRID-No.2 VOLTAGE(EC21=IOOV 

3 

/ 
",.... J 

l V-- .-h. 
~ 

k:'; v'6tT'i.~~ (EC 1=0 

~ -I 

~---- -2 -4 -
IJU 200 310 4)05 0 

PLATE VOLJ2~S_13739 

Pentode Unit as Class A, Amplifier 

145 
110 
-6 

6 
36 
40 

3 
9 

0.03 
8600 
3000 

10 
2.4 

0.25 
0.6 

volt. 
volts 
'101ts 
volts 

rnA 
rnA 
rnA 
'rnA 

megohm 
/Lmhos 

ohms 
per cent 

watts 

megohm 
m~ 

Plate Supply Voltage .. ,' ...................... ,................. 150 volts 
Grid No.3 (Control-G,'id) .......... , . .. .. .. Connected to negative end of cathode resistor 
Grid-No.2 (Screen-Grid) Supply Voltage ..... , ..... , ........ ,..... 100 volts 
Grid No.1 (Control Gl'id) ............ , ... :... 'Connected to negative end of cathode resistor 
Cathode-Bias Resistor ........................................... 560 ohms 
Plate Resistance (Approx.) :..................................... 0.15 megohm 
Transconductance, Grid No.1 to Plate .........................••• 1000 /Lrnhos 
Transconductance, Grid No.3 to Plate ............................ 400 /Lmhos 
Plate Current ................................................... 1.3 mA 
Grid-No.2 Current ..............................................• 2 rnA 
Grid-No.1 Voltage (Approx.) for plate CUl'rent of 10 /LA .....••• -4.5 volts 
Grid-No.3 Voltage (Approx.) for plate current, of 10 /LA ... ,.,'.,.. • -4.1i volts 

Pentode Unit as FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .......................................•.....•....• 
Grid-No.3 Voltage .. , .............................. ; ........... .. 
Grid No.2 Supply Voltage ............ ' ......................... .. 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...........•• 
Plate Dissipation : .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up ,to 165 volts ....................... . 
For grid-No.2 voltages between 165 and 330 volts ....•..••••••• 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..........•.•...••...•••........•.•• 
For cathode-bias opel'ation ... ; ............................. . 

330 volts 
28 volts 

330 volts 
See curve page 96 
o volt. 

1.7 watts 

1.1 watts 
See curve page 96 

0.25 megohm 
j).~ mesohm 

6BG6G 

6BG6GA 
Refer to chart at end of section. 
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HALF-WAVE 
VACUUM RECTIFIER 

6BH3 
6BH3A 

175 

17BH3, 17BH3A, 
UBH3, UBH3A 

NovaI' types used as damper tubes in horizontal-de­
flection circuits of black-and-white television receivers. 

9HP Outlines section, llD and 30B, respectively; require 
novar 9-contact socket. Socket terminals 1, 3, 6, and 8 should not be used 
as tie points. These tub~, like other power-handling tubes, should be ade­
quately ventilated. Types 17BH3 and 17BH3A and types 22BH3 and 22BH3A 
are identical with types 6BH3 and 6BH3A except for heater ratings. 

Heater Voltage (ae/de) ....................... . 
Heater Current .................. . 
Heater Warm .. up Tinle (Average) ......... . 
Direct Interelectrode Capacitances (Approx.): 

6BH3 
6BH3A 

6.:1 
1.6 

17BH3 
17BH3A 

17 
0.6 
11 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ............................ . 
Heater to Cathode .........................................• 

Damper Service 
For operation in a 525-line, aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................ . 
Peak Plate Current ........................................ . 
Avet'age Plate Current .......................... . ........ . 
PJate Dissipation .................................. . 
Heater-Cathode Voltage: 

22BH3 
22BH3A 

22.4 
0.45 

11 

6.5 
9.0 
2.8 

5500 
1100 
180 
6.5 

Peal, value ...... , .......................... . +300 
+100 

-5500 
A vera.P,'e value ............. . .......... . -900 

volts 
amperes 
seconds 

pF 
pF 
pF 

volts 
mA 
mA 

watts 

volts 
volts 

4f Puhe (hnation nll.1.st not exceeu 150'0 of a horizontal scanning cycle (10 micl·Ogeconds). 

.. 5 
SHARP-CUTOFF PENTODE 6BH6 ~

p 

H ~ ::: 6 Gl 

Z 7 
K G. 

IS 
I 

<>, 

7CM 

Miniature type used as rf amplifier particularly in 
ac/dc receivers and in mobile equipment where low 
heater-current drain is important. It is particularly 
useful in high-frequency, wide-band applications. 
Outlines section, 5C; requires miniature 7 -contact 
socket. 

Heater Voltage (aeldc) ......... . 
Heater Current ............ . 
Peak Heater-Cathode Voltage ..... 
Direct Interelectrode Capacitances:-

Grid No.1 to Plate ..................................... . 
Grid No.1 to Cathode, Heater, Gl'id No.2, Grid No.:J, and 

Internal Shield ................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ............ . ......................... . 

6.3 volts 
0.15 ampere 
±90 ma" volts 

0.0035 max pF 

5.4 pF 

4.4 pF 

• Without external shield, or with external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage . ............ . ............................. . 
Grid-No.2 (Screen-Grid) Voltage ........................... . 
Grid-No.2 Supply Voltage .... . ........................... . 
Grid-No.1 (Contt'ol-Grid) Voltage: 

Negative-bias value 
Positive-bias value 

300 volts 
See curve page 96 

800 volts 

-50 
o 

volts 
volts 
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PIate Dissipation ••.•••••••.••..•••••.••••....••••.•••.•.•.•.•• ' • 
Grid-No.2 Input: . . 

For grid-No;2 voltages up to 150 volts •........•...•...•.••• 
For grid-No.2 voltages between "150 and 300 volts ...•• ; .•.••• 

CHARACTERISTICS 
Plate Voltage' .: ................................. . 100' 

3 watts 

0'.5 watt 
See curve page 96 

250 
Grid No.8 ' ...... ' .................................. .. 
Grid-No.2 Voltage .................... , ....... " .. . 

Connected 
100' 

to cathode 
,156 

volts 
at socket 

volts 
volt 

megohms 
pmhos 

rnA 
mA 

Grid-No.1 Voltage ............................... . 
Plate Resistance (Approx.) ....................... .. 
Trallsconductance ............................... .. 
Plate Current ........................ ' .......... .. 
Grid-No.2 Current ....................... .' ........ . 
Grid-No.1 Voltage (.Approx.) for plate current' of 

10 /LA •••• ; ................................... . 

-'1 
0'.7 

3400 
3.6 
1.4 

-5 

6BH8 
8BR8 

MEDIUM-MU TRIODE 
SHARP-CUTOFF PENTO,DE 

Miniature type used in color and black-and-white tele­
vision receiver applications. The pentode unit is used 
as an if amplifier, video amplifier, or agc amplifier. 
The triode unit is used in low-frequency oscillator 
circuits. Outlines section, 6E; requires miniature 9~ 
contact socket. Type 8BH8 is identical with type 6BH8 
except for heater ratings. 

Heater Voltage (ae/dc) ......................... . 
Heater CUrl'ent .. " ... , .......................... . 
Heater Warm-up Til."e (Average) ................•• 
Heater-Cathode Voltage: 

Peak value .. , ...............................• 
Average value ........................ ,", ..•••• 

Direct Interelectrode Capacitances (Approx.): 
Triode Unit:' 

6BHS 
6.3 
6.6 
11 

±266 max 
166 max 

Grid to Plate ",.,"', ... , ... , ............•...............• 
Grid to Cathode and Heater ..................... , ......... . 
Plate to Cathode and Heater ....... , ....................... . 

Pentode Unit: 
Grid No.1 to Plate .,.,., ......... , ....... , ..... , .. , ....... . 
Gl'id No.1 to Cathode, Heater, Grid No.2, Grid No.3, and' 

Infernal Shield ... , ...... " ... " ...... ,', ................ . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield. ,." ............ , ............... , .......... . 
Triode Grid to Pentode Plate .,', .................... , ......... . 
Pentode Grid No.1 to Tdode Plate , ............... : ............ . 
Pentode Plate to Triode Plate .................................. . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) Triode Unit 
Plate Voltage , .. ,',.,',.",., ... " ....... '........ 306 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 

. --'.1 
1.4 

4600 
7.4 
2.9 

-7.7 

SBHS 
8.4 

6.45 

9DX 

±266 max 
160 max 

2.4 
2.6 

0.38 

6.646 

7 

2.4 
0.616 
0.064 
0.095 

Pentode Unit 
366 
366 

Grid-No.2 Voltage .... , .. , .... , .... ,',',.,",.,",. 
Grid-No.1 (Control-Grid) Voltage, .Positive-bias value o 

2.5 

See curve page 96 
6 

Plate Dissipation ., ... ".,.,.,.,',.,., .. , .. , ..... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 156 volts ,,"",. 
For grid-No.2 voltages between 156 and 30'6 volts 

CHARACTERISTICS 
Plate Supply Voltage , .. ,.,., ..... , ... , ......•..... 
Grid-No.2 Supply Voltage ... , ...... , .. ,,',., ..... . 
Grid-No.1 Voltage ..... , .. , ... ' ... ,., ... "" ...... . 
Cathode-Bias Resistor .. ," ..... , ... , ............. . 
Amplification Factor .,.,., ......... ',.".,." .... . 
Plate Resistance (Approx.) ... , .... , .... , .........• 
Transconductance .: .............................. . 
Plate Current ,.,',.,', .. ".,' ..... , .. ,", .. , .. , .• 
Gl·id-No.2 Current ", .. ,.,.,.,., ... "",.,."., ... 
Grid-No.1 Voltage (Approx.) for plate current of 

10'0 /LA " ..... , .. ,','" ...•.•.•••..•...• '" ••• 
MAXIMUM CIRCUIT VALUES . 
Gdd-No.1-Circuit Resistance: 

For fixed-bias operation " ................•.•• 
For cathode-bias operation .................. ; • 

156 

-5 

17 
5156 
3366 

9.5 

-14 

0.5 
1.0 

3 

1 
See curve page 96 

266 
125 

82 

15660'6 
7666 

15 
3.4 

-8 

6.25 
1.6 

volts 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

volts 
volts 

volt. 
watt. 

watt 

volts 
volts 
volts 
ohms 

ohms 
pmhos 

mA 
rnA 

volts 

megohm 
megohm 
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MEDIUM-MU TWIN TRIODE 
SHARP-CUTOFF PENTOD.E 

177 

6BHll 
Duodecar type used in color, 'andblack~and-white tele­
vision receiver applications .. The· triode units are used 

10 Pp for general-purpose applications .. and the pentode unit 
II is used for horizontal-deflection :seryi~e. Outlines sec-

".....---- Kp.G3ption, 8B; requires duodecar 12-con~ct socket. Heater: 
IS volts (ac/dc), 6.3; amperes, 0.8; maximum heater-

cathode volts, ±200 peak, 100 aver/tge. 

Pentode Unit as Horizontal-Deflection Qscillator 
MAXIMUM RATINGS' (Design-Maximum Values) . 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage: .' 

Positive-bias value ...............................•.•.......• 
Peak negative value ........................................ . 

Peak Cathode Current ............•............................•. 
Average Cathode Current ..................................... . 
Plate Dissipation ..............................................• 
Grid-No.2 Input .........................................•.....• 

Class Ai Amplifier 

350 
330 

o 
-175 

300 
20 

2.5 
0.66 

volts 
volts 

volts 
volts 

mA 
mA 

watts 
watt 

MAXIMUM RATINGS (Design-Maximum Values) Each Triode Unit 
Plate Voltage .................................................. 330 
Grid Voltage, Positive-bias Value ............................... 0 
Plate Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 2.5 

CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 Voltage ............................... . 
Gl'id-No.1 Voltage ..............................•• 
Amplification Factor ............................• 
Plate Resistance (Approx.) ...................... . 
Transconductance ......................•.......... 
Plate Current ................................... . 
Grid-No.2 Current ...............................• 
Grid-No.1 Voltage (Approx.) for plate current 

of 10 p.A ......................................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: . 

For fixed-bias operation ..................... .. 
For cathode-bias operation ....................• 

Pentode Unit 
125 
125 
-1 

200000 
7600 

12 
4 

-8 

2.2 
2.2 

Each 
Triode Unit 

125 

-1 
46 

5400 
8600 
13.5 

-8 

2.2 
2.2 

volts 
volts 

watts 

volts 
volts 
volt 

ohms 
p.mhos 

mA 
mA 

volts 

megohms 
megohms 

Ie K 
HALF-WAVE 

VACUUM RECTIFIER 6BJ3 

I 
H 
12BL 

Duodecar type used as damper tube in horizontal-de­
flection circuits of black-and-white television receivers. 
Outlines section, 8C; requires duodecar 12-contact 
socket. Socket terminals 5, 6, 8, and 9 should not be 
used as tie points. This tube, like other power-han­
dling tubes, should be adequately ventilated. Heater: 
volts (ac/dc), 6.3; amperes, 1.2. 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation ..............................................• 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ...............................• 

CHARACTERISTICS, Instantaneous Value 

+300 
+100 

3300 
840 
140 

4 

--3300 
-600 

. volts 
mA 
rnA 

watts 

volts 
volts 

Tube Voltage Drop for plate current of 250 mA .... ............. 21 volts 

# Pulse duration must not exceed 15% of a horizontal scanning. cycle (10 microseconds). 
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6BJ6 REMOTE-CUTOFF PENTODE 
Miniature type used as rf amplifier in high~frequency 
and wide-band applications. Features high transcon­
ductance and low grid-to-plate capacitance. Outlines 
section, 5C; requires miniature 7 -contact socket. 
Heater Voltage (ac/dc) ...••••...............•...•.............• 
Heater Current ............................................... . 
Peak Heater-Cathode Voltage ................................. . 
Direct Interelectrode Capacitances:. 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .........................................•• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .........................................•. 

~
p 

1.' s 
. .' ~ 

H 3 ./: .. ':":'.:" 8· Ga. ~.:> : :::."'. 
. '. ---

2' . ·'·"7 
K . G3 

IS 
I· 

Gi 
7CM 

6.3. volts 
0.15 ampere 
±90max volts 

0.0035 max pF 

4.5 pF 

5.5 pF 

• Without external shield, or with external shield connected to cathode. 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ..................................•..•..•.....•.•• 
Grid-No.2 (Screen-Grid) Voltage ..............••................ 
Grid-No.2 Supply Voltage ..................................... . 
Plate Dissipation .................................•............• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts .....................• 
For grid-No.2 voltages between 150 and 300 volts ...........• 

Grid-No.1 (Control-Grid) Voltage: 
Negative-bias value ......................................•..• 
Positive-bias value ................•........................• 

CHARACTERISTICS 
Plate Voltage ................................... . 
Grid No.3 ....................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ...............................• 
Plate Resistance (Approx.) .......................• 
Transconductance ................................. . 
Plate Current ............................•....... 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for transconductance of 

10 pmhos ....................................• 

6BJ7 TRIPLE DIODE 

100 
Connected 
100 

-1.0 
0.25 
3650 

9.0 
3.5 

-20 

l\nniature type used as a dc-restorer tube in each of 
the three signal channels of color-television receivers. 
Each diode has a separate cathode. Outlines section, 
6B; requires miniature 9-contact socket. 
Heater Voltage ............................................... .. 
Heater Current ................................................ . 
Direct Interelectrode Capacitances: 

Plate of Unit No.1 to Cathode of Unit No.1, Heater, and 
Internal Shield .......................................... . 

Plate of Unit No.2 to Cathode of Unit No.2, Heater, and 
Internal Shield ..................................... ; .....• 

Plate of Unit No.3 to Cathode of Unit No.3, Heater ,and 
Internal· Shield ....................... ' .................. . 

Cathode of Unit No.1 to Plate of Unit No.1, Heater, and 
Internal Shield .......................................... . 

Cathode of Unit No.2 to Plate of Unit No.2, Heater, and 
Internal Shield .....................•............... , ....• 

Cathode of Unit No.3 to Plate of Unit No.3, Heater, and 
Internal Shiel\i ......................................... .'. 

Plate of Unit No.1 to Plate of Unit No.2 ................... . 
Plate of Unit No.2 to Plate of Unit No.3 ................... . 
Plate of Unit No.3 to Plate of Unit No.1 ........•......••.•• 

300 volts 
See curve page 96 

300 volts 
3 watts 

0.6 watt 
See curve page 96 

-50 
o 

250 
to cathode 

100 
-1.0 

1.3 
3600 

9.2 
3.3 

-20 

9AX 
6.3 

0.45 

3 

2.6 

2.6 

4 

3.8 

.( 
0.055 
0.036 
0.036 

volts 
volts 

volts 
at socket 

volts 
volt 

megohms 
pmhos 

mA 
mA 

volts 

volts 
ampere 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 
pF 
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DC Restorer Service 
MAXIMUM RATINGS (Design-Center Values, Each Unit) 
Peak Inverse Plate Voltage ................... ,,', ............. . 
Peak Plate CUrl"ent ..... ,." ... , ............ ,.,., .. "',."., ...• 
Average Output Current ......................................•• 
Peak Heate"-Cathode Voltage ..................... +100 

TWIN DIODE­
MEDIUM-MU TRIODE 

330 
10 

1 
-330 

6BJ8 

179 

volts 
mA 
mA 

volts 

Miniature type used in black-and-white and color tele­
vision receiver applications. The diode units are used 
in phase-detector, phase-comparator, ratio-detector or 
discriminator, and horizontal afc discriminator circuits. 
The triode unit is used in phase-splitter, audio-fre-

9ER quency amplifier, vertical-deflection amplifier, and low-
frequency oscillator applications. Outlines section, 6E; requires miniature 
9-contact socket. 
Heater Voltage (ae/de) ..........................•..........•..• 
Heater Current ................................................ . 
Heater Warm-up Time (Average) .............................• 
Heater-Cathode Voltage: 

Peak value ........................................... , ...• 
Average value .......................•........ "'" ..•••••••• 

Direct Intereleetrode Capacitances: 
T"iode Unit: 

Grid to Plate ...................•.•................... , •••• 
Grid to Cathode and Heate,' ...............................• 
Plate to Cathode and Heater ...............................• 

Diode Units: 
Plate to Cathode and Heater (Each Unit) ....•............• 
Cathode to Plate and Heater (Each Unit) .................• 
Plate of Unit No.1 to Plate of Unit No.2 ................... . 

Plate of Diode Unit No.1 to Triode Grid .....................• 
Plate of Diode Unit No.2 to Triode Gl'id .....................• 
Plate of Either Diode Unit to All Other' Electrodes ..... : ... ' ..• 
Cathode of Either Diode Unit to All Other Eleetrodes .........• 

Triode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..................................... ' ...........•• 
Grid Voltage, Positive-bias value .............................. .. 
Average Cathode Current .................................... .. 
Plate Dissipation ............................................. .. 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage .....................................• 
Amplification Factor .............................• 
Plate Resistance (Approx.) .................... .. 
Transconductance ............................... .. 
Plate Current ..................................•• 
Plate Current for grid voltage of -12.5 volts .....• 
Grid Voltage (Approx.) for plate current of 10 pA .• 
MAXIMUM CIRCUIT VALUE 

90 
o 

22 
4700 
4700 
13.5 

-7 

Grid-Circuit Resistance ....................................... , .. 

6.3 
0.6 
11 

±200max 
100 max 

2.6 
2.8 

0.31 

1.9 
4.6 

0.06 max 
0 .. 07 max 
0.11 max 

3.0 
4.8 

330 
o 

22 
4 

250 
-9 

20 
7150 
2800 

8 
1.7 

-18 

1 
Triode Unit as Vertical-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak Negative-Pulse Grid Voltage ............................•• 
Peak Cathode Current .........................................• 
Average Cathode Current .................................... .. 
Plate Dissipation ..............................................• 
MAXIMUM CIRCUIT VALUE 

330 
1200 

-275 
77 
22 

4 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
"olt. 

rnA 
watts 

""Its 
..olts 

ohms 
pmhos 

mA 
rnA 

volts 

megohm 

Tolts 
volts 
volts 

rnA 
mA 

watts 

Grid-Circuit Resistance, for cathode-bias operation ............. , 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Each Unit) : 

Peak ......................... ~ ............... , ......... _. __ _ 
Average ..... ~ ~." •. ". ~" .•• ~ ..... ' .... '. ~ .... "" .... " .... ~.' ......... ~ ........ . 

54 
II 

mA 
m,A 
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rn 

'" ~ 251--+-+. 
:l! 
<t 20 
:J 
..J 
:IE 15 

'" !;i 101---++-1+-1'-+-1+-.,,+1- '~-=-I--l 
..J 
Q. 

92CS-9531T 

6BK4 Refer to chart at end of section. 

6BK4A 
6BK4B 

SHARP-CUTOFF 
BEAM TRIODE 

Glass octal types use4 for the voltage regulation of 
high-voltage, low-current dc power supplies in color 
and black-and-white television receivers. Outlines sec­
tion. 21B; require octal socket. Type 6BK4B is iden­
tical with type 6BK4A except for a higher plate dis­
sipation and peak heater-cathode voltage. 
Heater Voltage (ae/dc) ...................................... .. 
Heater Current ................................................ . 

Peak Heater-Cathode Voltage 

2 

6BK4A 
-200 

AVERACE TRANSrER 
CHARACTER ISTleS 

TYPE 6BK4A 
Ef/- •• 3VOL.TS 

. 

j 
~ 

~ 
jh 
II. I 
I I 

II il 
) I 

VII' 
- 0 -15 -10 -

2.$ 

2.0~ ,/i, c .. 
II. 

.5 ~ 

3 
.0 2 .. ~~I 
~ 

0.1i! 
g 

Ii) 
o 

GRID VOL.TS 
t2C:S-1432TP 

aGe 
6.3 
0.2 

6BK4B 
-450*max 

volts 
ampere 

volts 
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Direct Interelectrode Capacitances (Approx.): 
Grid to Plate ..........................................•••• 
Grid to Cathode and Heater ................................. . 
Plate to Cathode and Heater ......... ; .................... . 

181 

pF 
pF 
pF 

Amplification Factor (Approx.) ............................... . 
• Series impedance should be used with the cathode to limit the 
prolonged short-circuit conditions to 450 mAo 

0.03 
2.6 

1 
2000 

cathode CUI'rent under 

Voltage-Control Service 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 
Unregulated DC Supply Voltage ............................... . 
DC Grid Voltage ................................................ . 
Peak Grid Voltage' ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation (6BK4A) .................................... . 
Plate Dissipation (6BK4B) .................................... . 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance: 

27000 
60000 
-135 
-440 

1.6 
30 
40 

volts 
volts 
volts 
volts 

mA 
watts 
watts 

For use with "Flyhack Transformer" high-voltage supply .. ;. 3 megohms 

• For interval of 20 seconds maximum duration during equipment warm-up period. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6BK5 

6BK7A 

MEDIUM-MU TWIN TRIODE 6BK7B 

9AJ 

5BK7A 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners and in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re­
quires miniature 9-contact socket. For typical opera­
tion as a resistance-coupled amplifier, refer to Resist­
ance-Coupled Amplifier section. Type 5BK7A is identi­
cal with type 6BK7B except for heater ratings. 

Heater Voltage (ac/dc) ..........................• 
Heater Current ................................. . 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

5BK7A 
4.7 
0.6 
11 

6BK7B 
6.3 

0.45 
11 

Peak value ................................... ±200*max ±200*max 
Average value ................................ 100 max 100 max 

Direct Interelectrode Capacitances: Unit No.1 Unit No.2 
Grid to Plate ................................ 1.8 1.8 
Grid to Cathode, Heater, and Internal Shield .. 3 3 
Plate to Cathode, Heater, and Internal Shield .. 1 0.9 
Cathode to Grid, Heater, and Internal Shield .• 6 6 
Plate to Grid, Heater, and Internal Shield ...• 2.4 2.4 
Plate to Cathode .............................• 0.22 0.22 
Heater to Cathode ............................. 2.8 3 
Grid of Unit No.1 to Grid of Unit No.2 .................... 0.004 max 
Plate of Unit No.1 to Plate of Unit No.2 .................. 0.075 max 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

• Rating may be as high as 300 volts under cutoff conditions when tube is used as a cascode 
amplifier, the units are connected in series, and heater is negative with respect to cathode. 

Class At Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Center Value) 
Plate Voltage .................................................• 
Grid Voltage, Negative-bias value ............................. . 
Plate Dissipation .............................................. . 
CHARACTERISTICS 
Plate Supply Voltage ......................................... . 
Cathode-Bias Resistor ........................................•• 
Amplification Factor ............................................. . 
Plate Resistance (Approx.) .............................•....... 
Transconductance .•........................... ~ .. : ..... ".:; . '" .. ' ... 
Plate Current .................... : ...................•........• 
Grid Voltage (Approx.) for plate current of 10 /LA ...... • ~ .... : ••• 

Refer to chart at end of section. 

300 
-50 

2.7 

150 
66 
43 

.4600 
930Q 

18 
-11 

6BL4 

volts 
volts 

watts 

volts 
ohms 

ohms 
/Lmhos 

rnA 
volts 
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6BL1GT Refer to chart at end of section. 

68L7GTA MEDIUM-MU TWIN TRIODE 
Glass octal type used as combined vertical-deflection 
amplifier and vertical-deflection oscillator in color and 
black-and-white television receivers;. When so operated, 
it is recommended that unit No.1 (pins 4, 5, and 6) be 
used as the oscillator. Outlines section, 13D; requires 
octal socket. 
Heater Voltage (acldc) ....................................... . 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................... . 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate ...............................• 6 
Grid to Cathode and Heater .................. 4.2 
Plate to Cathode and Heater .................. 0.9 

Class A, Amplifier 
CHARACTERISTICS (Each Unit) 
Plate Voltage ............................... . 
Grid Voltage ............•..................... 

150 
o 

250 
-17 

Amplification Factor ......................... . 
Plate Resistance (Approx.) ................... . 

~1::cC'::.~~~tC~ .. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 
Grid Voltage (Approx.) for. plate current of 

50 /LA ................................... . 
- This value can be measured by a method involving a recurrent 
the maximum ratings of the· tube will not be exceeded. 

6.3 
1.5 

±200 max 
100 max 

Unit No. 2 
6 

4.6 
0.9 

250 
-9 

15 
2150 
7000 

40 

-23 
waveform. 

Vertical·Defiection Oscillator or Amplifier-
For operation in a 525.line, 3D-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage . c ............................. . 
Peak Positive-Pulse Plate Voltage# 

(Absolute Maximum) ........................ . 
Peak Negative-Pulse Grid Voltage ............... . 
Peak Cathode Current ........................... . 
Average Cathode Current .........................• 
Plate Dissipation: 

For either plate ............................•• 
For both plates with both units operating .....• 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance ........................... . 
• Unless otherwise specified, values are for each unit. 

Oscillator 
500 

-400 
210 

60 

10· 
12 

4.7 

Amplifier 
500 

2000A 
-250 

210 
60 

10 
12 

4 .. 7t 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
/Lmhos 

mA 

volts 
such that 

volts 

volts 
volts 
mA 
mA 

watts 
watts 

megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
A Under no circumstances shouid' this absolute value be exceeded. 
t For cathode-bias operation. 

68LS 
68LSI 
ECFSO 

4BL8, 4BLS/XCF80 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

Mini'ature types used in frequency-changer service in 
color and black-and-white television receivers .Outlines 
section, 6B; require miniature 9-contact socket. Types 
4BL8/XCF80 and 6BL8/ECF80 are identical with types 
4BL8 and 6BL8, respectively. Type 4BL8 is identical 
with type 6BL8 except for heater ratings. 

9DC 
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Heater Voltage (ac/dc) ..........•.•••••••••••••• 
Heater CUrl'ent .................................. . 
Peak Heater-Cathode Voltage ................... . 

4BL8 
4BL8/ 
XCF80 

4.6 
0.6 

±100 max 

Class A, .Amplifier 
MAXIMUM RATINGS (Design·Center Values) Triode Unit 
Plate Supply Voltage ............................• 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Gl'id) Supply Voltage .......... . 
Grid-No.2 Voltage: 

With cathode CUrl'ent of 14 rnA .............•• 
With cathode current less than 10 rnA .......• 

Cathode Current .................................• 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

With plate dissipation greatel' than 1.2 watts .• 
With plate dissipation less than 1.2 watts .... 

CHARACTERISTICS 
Plate Voltage ..................................•• 
Grid-No.2 Input: 
Grid-No.1 Voltage ................................• 
Amplification Factor ............................. . 
Mu-Factor. Grid No.2 to Grid No.1 ...............• 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 CUl'rent ...............................• 
Input Resistance at frequency of 50 MHz .........• 
Equivalent Noise Resistance ....................•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..................•.•• 
For cathode-bias opel'stion ..................•• 

H 

HIGH-MU TRIODE 
POWER PENTODE 

550 
250 

14 
1.5 

100 

-2 
20 

5000 
14 

0.5 
0.5 

6BL8 
6BL8/ 
ECF80 

6.3 
0.45 

±100 max 

Pentade Unit 
550. 
250 
650 

175 
200 

14 
1.7 

0.5 
0.75 

170 
170 
-2 

47 
0.4 

6200 
10 

2.8 
0.01 
1500 

0.5 
1 

183 

volts 
ampere 

volts 

volts 
volts 
volts 

volts 
volts 

rnA 
'Watts 

wa.it 
WRtt 

vo]ts 
volts 
volts 

megohn1 
JLmhos 

rnA 
mA 

megohm 
ohms 

m"ltohm 
megobm 

.68M81 
ECL82 

Kp,G3p 2 8 KT Miniature type used in color and black-and-white tele-
is r'f;::--:::..-r.:-. vision receiver applications. The pentode unit is used 

SEX 
as an audio output tube, and the triode unit as an 
oscillator and af voltage amplifier. Outlines section, 
6G; requires miniature 9-contact socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.78; maximum heater-cathode 
volts, 100 peak. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Vaiues) Triode Unit 
Plate Supply V oJtage .............................. 550 
Plate Voltage ..........................•......... 300 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.2 Voltage ............................... . 
Csthode CUl'l'ent ................................. . 

~~~~~N~~ss~~~~:~n .. :::::::::::::::::::::::::::::::: : 
CHARACTERISTICS 
Plate Voltage ...................................•• 
Grid-No.2 Voltage ...............................• 
Grid-No.1 Voltage ................................ . 
Amplification Factor .............................• 
Plate Resistance (Approx.) ...................... . 
Transconductance ................... ' ............ " 
Plate Current ................................... . 
Grid-No.2 Current ................... , ........... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ...................••• 
For cathode-bias operation .............•...••• 

• G"id No.2 to Grid No.1 

15 
1 

100 

o 
70 

2500 
3.5 

1 
2 

Pentade Unit 
900 
600 
550 
300 

50 
7 

1.8 

200 
200 

-16 
9.5· 

0.02 
6400 

35 
7 

1 
2 

volts 
volts 
volts 
vults 

rnA 
watts 
W3.tts 

volts 
volts 
voit~ 

JJlegohm 
I'mhos 

rnA 
IDA 

megobm 
megobms 
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6B.N4 Refer to chart at end of section. 

6BN4A 
2BN4A. 3BN4A MEDIUM-MU TRIODE 

Miniature type used as rf amplifier tube in grid-drive 
circuits of vhf color and black-and-white television' 
tuners. Outlines section, 5C; requires miniature 7~con­
tact socket. Types 2BN 4A and 3BN 4A are identical 
with type 6BN4A except for heater ratings. 

Heat Voltage (ac/dc) .. .' .................. . 
Heater Current ........................... . 

2BN4A 
2.35 
0.6 

3BN4A 
3 

0.45 

~
H4 !,p 

H 1\ 

3 . _.__ 6 

2 7 
G G 

I 
K 

7EG 
6BN4A 

6.3 
0.2 

volts 

Heater Warm-up Time (Average) ......... . 
Peak Heater-Cathode Voltage ............ . 

11 
±100 max 

11 
±100 max 

ampere 
seconds 

±100 max volts 
Direct Interelectrode Capacitances (Approx.):· 

Grid to Plate ............ ' ................................. . 
Grid to Cathode and Heater ............................... . 
Plate to Cathode and Heater ..............................•• 

• With external shield connected to cathode. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .................................................. . 
Grid Voltage. Positive-bias value ............................... . 
Cathode Current ....................... : ....................... . 
Plate Dissipaation .............................................• 
CHARACTERISTICS 
Plate-Supply Voltage .......................................... . 
Cathode-Bias Resistor ......................................... . 
Amplification Factor .......................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .. ; ........................................... . 
Plate Current .................. ; ............................... . 
Grid Volta!!,e (Approx.) for. plate current of 100 p,A ............• 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance ......................................... . 

6BN6 
3BN6, 4RN' 

URN6 -BEAM TUBE 
Miniature type used as combined limiter, discriminator, 
and audio-voltage amplifier in intercarrier television 
and FM receivers. Outlines section, 5D; requires mini­
ature7-contact socket .. Types 3BN6, 4BN6, and 12BN6 
are identical with type6BN6 except for heater ratings. 

Heater Voltage (ac/dc) ....... . 
Heater Current .... ~ ._ ....... . 
Heatel' Warm-up Time (Aver-

age) .. , __ ... _ ............. . 
Heater-Cathode Voltage: 

3BNG 
3.15 
0.6 

11 

4BNG 
4.2 

0.45 

11 

GBNG 
6.3 
0.3 

Peak value . . . . . . . . . . . . . . . . ±200 max ±200 max ±200 max 
Average value ............ 100 max 100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ..........................................• 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, and 

Internal Shield .......................................... . 
Grid No.1 to Grid No.3 ....................................• 

Limiter and Discriminator Service 
MAXI...,UM RATINGS (Design-Maximum Values) 
Plate~Supply Voltage .......................................... . 
Grid-No.2 Voltage ..................•........................... 
Grid-No.1 Voltage. Positive peak value ......................... . 
Cathode Current ............................................... . 

1.2 
3.2 
1.4 

275 
o 

22 
2.2 

150 
220 

43 
5400 
7700 

9 
-6 

0.5 

UBNG 
12.6 
0.15 

7DF 

±200 max 
100 max 

4.2 

3.3 
0.004 max 

330 
110 

60 
13 

pF 
pF 
pF 

volts 
volts 
rnA 

watts 

volts 
ohms 

ohms 
",mhos 

mA 
volts 

megohm 

volts 
ampere 

seconds 

volts 
volts 

pF 

pF 
pF 

volts 
volts 
volts 

mA 
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6BN8 

9ER 

TWIN DIODE­
HIGH-MU TWIN TRIODE SBNS 

Miniature type used in color and black-and-white tele­
vision receiver applications. The triode unit is used in 
burst-amplifier, af amplifier, and low-frequency oscil­
lator applications. The diode units are used in phase­
detector, ratio-detector or discriminator, and horizon­
tal afc discriminator circuits. Outlines section, 6E; 
requires miniature 9-contact socket. Type 8BN8 is 
identical with type 6BN8 except for heater ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Cm'rent ..... , ........................... . 
Heater Warm-up 'I'ime (Avel'age) ............... . 
Heate,'-Cathode Voltage: 

Peak value .................................. . 
Avel'age value ............................... . 

Direct Intel'electrode Capacitances: 

6BN8 
6J3 
0.6 
11 

±200max 
100 max 

'I'dode Grid to Triode Plate ............................... . 
Triode Grid to Cathode and Heater ......................... . 
Triode Plate to Cathode and Heater ......................•• 
Plate of Diode Unit No.1 to Triode Grid ................... . 
Plate of Diode Unit No.2 to Triode Grid ................... . 
Plate of Diode Unit No.1 to Plate of Diode Unit No.2 ..... . 
Diode Cathode to All Other Electrodes (Each Diode Unit) ... . 
Diode Plate to Diode Cathode and Heater (Each Diode Unit) .. 
Diode Cathode to Diode Plate and Heater (Each Diode Unit) .. 
Diode Plate to All Other Electrodes (Each Diode Unit) ..... . 

Triode Unit as Clas.s Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Gdd Voltage, Positive-bias value ................................ . 
Plate Dissipation .............................................. . 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ..................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Gdd Voltage (Approx.) fol' plate current of 10 p.A 
MAXIMUM CIRCUIT VALUE 

100 
-1 

75 
21000 

3500 
1.5 

-2.5 

Grid·Circuit Resistance .........................................• 

Diode Units 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Cunent (Each Unit): 

P"ak ...................................................... . 
Avel.'age ................................................... . 

7 

6 I 
~I 1--,£1 

t:!7 
-~I g 
-Q 

~ 

I / I 

V V 

/ 
/ 

./' 

TYPE SBNS 
'rL TRIODE UNIT 

L , 
/ ~ 

/ 

/ ,"" 

/ I / ;{ 
V ,,/ .,../ / 

o 100 200 300 400 
PL.ATE VOL. TS 92CS -9363T 

8BN8 
8.4 

0.45 
11 

±200 max 
100 max 

2.5 
3.6 

0.25 
0.06 max 

0.1 max 
0.07 max 

5 
1.9 
4.8 

:I 

330 
0 

1.7 

250 
-3 

70 
28000 
2500 

1.6 
-5.5 

1.0 

54 
9 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 

watts 

volts 
volts 

ohms 
pmbos 

mA 
volts 

megohm 

triA 
mA 
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6BQ5 
POWER PENTODE IRQ! 

Miniature type used in the output stage of audio-fre­
quency amplifiers. Outlines section, 6G; requires mini­
ature 9-contact socket. Type 8BQ5 is identical with 
type 6BQ5 except for heater ratings. 

Heater Voltage (ae/de) ........................••• 
Heater Cm'rent ................................•.• 
Heater Warm-up Time (Average) ...............• 
Heater-Cathode Voltage: 

6BQ5 
6.3 

0.76 

8BQ5 
8 

0.6 
11 

sev 

Peak value .................................•. 
Average value ...............................• 

±100 max ±100 max 
100 max 100 max 

Db'cct Interelectt'ode Capacitances: 
Grid No.1 to Plate .........................................• 
Grid No.1 to Cathode. Heatel', Grid No.2. and Grid No.3 .... 
Plate to Cathode. Heater. Grid No.2. and Grid No.3 .........• 
Grid No.1 to Heater .....................................•.• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ...............................• 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value ......... . 
Cathode Cun-ent ..............................................• 
Plate Dissipation ... : ..........................................• 
Grid No.2 Input .......................................•.......• 
TYPICAL OPERATION 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Glid) Voltage ............................. . 
Peak AF Grid No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Sign",1 Plate Current ........................ : ....... . 
Zero-Sign",] Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ........................... . 
Plate Resistance (Appl'ox.) ...................•................. 
Transcondu(·tance ............................................ ' .. . 
Load Resistance ............................................... . 
Total Hal'lnonic Distortion ..................................... . 
Maximum-Signal Power Output" ............................... . 
MAXIMUM CIRC.UIT VALUES 
Grid-No.-Circuit Resistance: 

F01' fixed-bias operation ...................................• 
For cathode-bias operation ................................. . 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for Single-Tube Class A1 Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply' Voltage ............................ . 
Grid-No.2 Supply Voltage ....................... . 
Cathode-Bias Resistor ............................ . 
Peak AF Grid-No.1-to-Grid-No.1 Voltage ......... . 
Zero.Signal Plate Current ....................... . 
Maximum-Signal Plate Current ................. . 
Zero-Signal Grid-No.2 Current ................... . 
Maximum-Signal Grid-No.2 Current ............... . 
Effective Load Resistance (Plate-to-plate) ........ . 
Total Harmonic Distortion .......................• 
Maximum-Signal Power Output ................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Ch·cuit Resistance: 

250 
250 
130 

22.6 
62 
75 

7 
15 

8000 
3 

11 

For fixed-bias operation ................................... . 
For cathode-bias opel ... tion .................................• 

0.5 max 
10.8 
6.5 

0.25 max 

300 
300 

0 
65 
12 

2 

250 
250 

-7.3 
6.2 
48 

50.6 
5.5 
10 

38000 
11300 

4500 
10 
5.7 

0.3 
1.0 

300 
300 
130 

28.3 
72 
92 
8 

22 
8000 

4 
17 

0.3 
1.0 

6BQ6GT Refer to chart at end of section. 

volts 
ampere 
seconds 

volt. 
volts 

pF 
pF 
pF 
pF 

volt. 
volts 
volts 

rnA 
watt. 
watts 

volts 
volt. 
volt. 
volts 

mA 
rnA 
mA 
rnA 

obms 
/LmboS 

ohms 
per cent 

watts 

megohm 
megobm 

""Its 
volt. 
obms 
volts 

mA 
mA 
mA 
rnA 

ohms 
per cent 

watts 

megohm 
megobm 



TECHNICAL DATA 187 

~
G!Pf>Gi 

.Ne 
3 BEAM POWER TUBE 

6BQ6GTB 
16CU6 

H 2' --- 7 H UBQ6GTB/12CU6, 17BQo 
6GTB, l5BQ6GTB/25CU6 

I 8 
NC K 

G~ 

SAM 

Glass octal type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out­
lines section, 14D; requires octal socket. This type may 
be supplied with pin No.1 omitted. Types 12BQ6GTBI 

12CU6, 17BQ6GTB, and 25BQ6GTB/25CU6 are identical with type 6BQ6GTBI 
6CU6 except for heater ratings. 

Heater Voltage (ac/dc) .......•• 
Heater Current ................ . 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

6BQ6GTB/ 12BQ6G-
6CU6 TB/12CU6 

6.8 12.6 
1.2 0.6 

11 

17BQ6-
GTB 
16.8 
0.45 

11 

25BQ6GTBI 
25CU6 

25 
0.3 

volts 
ampere 
seconds 

Peak value ................. ±200 max ±200 max ±200 max ±200 max volts 
volts Average value .............. 100 max 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
. Grid No.1 to Plate ....................................•••• 

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...•.• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......•••• 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage .............................. .. 
Grid-No.2 Voltage ............................• 
Grid-No.1 Voltage ...........................•• 
Mu-Factor, Grid No.2 to Grid No.1 ...........• 
Plate Resistance (Approx.) .................••• 
Transconductance ............................•• 
Plate Current ................................• 
Grid-No.2 Current ............................• 
Grid-No.1 Voltage (Approx.) for plate mA = 1 . 

60 
160 

0 

260-
26-

150 
160 

-22.5 
4.3 

0.6 
15 
7 

250 
160 

-22.6 

14600 
6900 

57 
2.1 

-43 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
I'mhos 

mA 
mA 

volts 

- These values can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Ampl ifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage .............................................• 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ...... . 
Peak Negative-Pulse Plate Voltage .............................• 
DC Grid-No.2 (Screen-Grid) Voltage ..........................•• 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... . 
Peak Cathode Current .......................................••• 
Average Cathode Current ...................................... . 
Plate Dissipation. . ............................................• 
Grid-No.2 Input ..............................................•• 
Bulb Temperature (At hottest point) .........................••• 
MAXIMUM CIRCUIT VALUE 

600 
6000t 

-1250 
200 

-300 
400 
110 
11 

2.5 
220 

volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

'C 

Grid-No.1-Circuit Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.47 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t Under no circumstances should this absolute value be exceeded. . 
• A bias resistor 01' other means is l'equired to protect the tube in absence of excitation. 

9AJ 

Refer to chart at end of section. 6BQ7 

6BQ7A 
MEDIUM-MU TWIN TRIODE 4BQ7A, 5BQ7A 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re­
quires miniature 9-contact socket. For typical opera­
tion as a resistance-coupled amplifier, refer to Resist­
ance-Coupled Amplifier section. Types 4BQ7 A and 
5BQ7A are identical with type 6BQ7A except for heater 
ratings. . 
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Heater, Voltage (ac/dc) .................... . 
Heater Current , .. , ..................•.•..... 
Heater Warm-up Time (Average) ....•...... 
Heater-Cathode Voltage: 

4BQ7A 
4.2 
0.6 
11 

5BQ7A 
5.6 

0.45 
11 

6BQ7A 
6.3 
0.4 

Peak value .......................... ;.. ±200"max ±200"max ±200*max 
Average value .......................... 100 max 100 max 100 max 

Direct Intereleetrode Capacitances:· Unit No.1 Unit No.2 

volts 
ampere 
seconds 

volts 
volt. 

Grid to Plate .................................. 1.2 1.2 pF 
Grid to Cathode, Heater, and Internal Shield.... 2.6 pF 
Cathode to Grid, Heater, and Internal Shield .. ,. 5.0 pF 
Plate to Cathode, Heater, and Internal Shield .. 1.2 pF 
Plate to Grid, Heater, and Internal Shield ...... 2.2 pF 
Plate to Cathode .....................•........ 0.12 0.12 pF 
Heater to Cathode ............................. 2.6 2.6 pF 
Plate of Unit No.1 to Plate of Unit No.2 ".,' ' ........... , 0.010 max pF 
Plate of Unit No.2 to Plate and Grid of Unit No.1 ......... 0.024 max pF 

• Rating may be high as 300 'volts under cutoff conditions, when tube is used as a eascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 
• With external shield connected to internal shield. 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ......................................... ; .. . 
Cathode Current .............................. ' ............... : .. . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Supply Voltage ...........................................• 
Cathode-Bias Resistor ................................... ' ........ . 
Amplification Factor ............................................. . 
Plate Resistance (Approx.) ..................... ' ................ . 

~faf:cc~~~;:n~e .. :::::::::::::::::::::::::::::::: :::::::: ::::::: 
Grid Voltage (Approx.): 

For plate current of 100 p,A ................................. ,I 
For plate current of 10 p,A ...........................•.••.••• 

MAXIMUM CIRCUIT VALUE 

250· 
20 

2 

150 
220 

38 
5900 
6400 

9 

-6.5 

volts 
rnA 

watts 

volts 
ohms 

ohms 
"mhos 

rnA 

volts 
volts 

Grid-Circuit Resistance " ................. , ... : ............ ,..... 0.5 megohm 
* Rating may be high as 300 volts under cutoff conditions, when tube is used as a cascade' 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 

6BR8 

6BR8A 
SDRS 

TYPE 6BQ7A 
FOR EACH UNIT 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele­
vision receiver applications. Especially useful as com­
bined triode oscillator and pentode mixer in vhf tele­
vision tuners. Outlines section, 6B; requires miniature 
9-contact socket. Except for ba$ing arrangement and 
grid-No.l-to-plate capacitance of pentode unit, types 
5BRS and 6BRSA are identical with types liUS and 
6USA~ respectively. 

H 

9FA 

Kp 
8 Gap 

IS 



TECHNICAL DATA 

HALF-WAVE 
VACUUM RECTIFIER 

6853 
6B53A 
UBS3, llBS3A, 
178S3, 17BS3A 

189 

N ovar types used as damper tubes in horizontal-de-
9HP flection circuits of black-and-white television receivers. 

Outlines section, llD and 30B, respectively; require 
novar 9-contact socket. Socket terminals 1, 3, 6, and 8 should not be used 
as tie points; it is recommended that socket clips for these pins be removed 
to reduce the possibility of arc-over and to minimize leakage. These tubes, 
like other power-handling tubes, should be adequately ventilated. Types 
12BS3 and 12BS3A and types 17BS3 and 17BS3A are identical with types 
6BS3 and6BS3A, respectively, except for heater ratings. 

Heater Voltage (ac/dc) ....................... . 
Heater Current ............................... . 
Heater Warm.up Time (Average) ............. . 
Direct Interelectrode Capacitances (Approx.): 

6BS3 
6BS3A 

6.3 
1.2 

12BS3 
12BS3A 

12.6 
0.6 
11 

Plate to Cathode and Heater ..........................•....• 
Cathode to Plate and Heater ...............................• 
Heater to Cathode .....................................••.•• 

Damper Service 

For operation in a 525-line, 30·frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ........................................ . 
Plate Dissipation .............................................. . 
Heater-Cathode'Voltage: 

17BS3 
17BS3A 

16.8 
0.45 

11 

6.5 
9 

2.8 

5000 
1100 
200 

6 

Peak value' .................................... +300 -5000 
Average value ................................ +100 -900 

CHARACTERISTICS, Instantaneous Vallie 

volts 
amperes 
seconds 

pF 
pF 
pF 

volts 
rnA 
mA 

watts 

volts 
volts 

Tube Voltage Drop for plate current of 140 mA ................ 12 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6858 
MEDIUM-MU TWIN TRIODE 4BS8 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners and in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re­
quires miniature 9-contact socket. Type 4BS8 is identi­
cal with type 6BS8 except for heater ratings. 

Heater Voltage (aclde) ...........................• 
Heater Current ........................... ; .. . 
Heater Warm-up Time (Average) ................. . 
Peak Heater-Cathode Voltage ..................... . 
Direct Interelectrode Capacitances: 

4BS8 
4.5 
0.6 
11 

±200 max 

Grid to Plate (Each Unit) .................................. . 
Grid to Cathode, Heater, and Internal Shield (Unit No.1) .... . 
Plate to Cathode. Heater, and Internal Shield (Unit No.1) .... . 
Plate to Cathode (Each Unit) ............................... . 
Heater to Cathode (Each Unit) ............................. . 
Cathode to Grid, Heater, and Internal Shield (Unit No.2) ..... . 
Plate to Grid, Heater, and Internal Shield (Unit No.2) ....... . 
Plate of Unit No.1 to Plate of Unit No.2 ............. . 
Plate of Unit No.2 to Plate and Grid of Unit No.1 ......••.••• 

6BS8 
6.3 
0.4 

±200 max 

1.15 
2.6 
1.2 

0.15 max 
2.6 
.5 
2.2 

0.010 max 
0.024 max 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 
pI<' 
pF 
pF 
pF 
pF 
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Ctass At Amplifier (Each Unit) 
MAXIMUM· RATINGS (Design-Center values) 

~~~oZo~~:"~ni'::::::::::::::::::: :::::::::::::::::::::::::::::: 
Plate Dissipation ........................... ; ................... . 
CHARACTERISTICS 
Plate-Supply Voltage ........................................... . 
Cathode-Bias Resistor .... , •.............•...•..•................. 
Amplifiea tion Factor ..........•.................................. 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current ................................ , ................. . 
Grid Voltage (Approx.) for .plate current of 10 p.A* ........ ; ..... . 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance , ........................................ . 
, .• This value applies to Unit No.2 only. 

SHARP-CUTOFF 
TWIN PENTODE 

150 
20 

2 

150 
220 
36 

5000 
7200 

10 
-7 

0.5 

""Its 
mA 

watts 

volts 
ohms 

ohms 
p.mhos 

mA 
volts 

megohm 

6BUS 
3BU8,3BU8/JeS8 
4BU8,4BU8/4GS8 

9FG 

Miniature type used ·as combined sync separator, sync 
clipper, and agcamplifier tube in color and black-and­
white television receivers. Outlines section, 6E; re­
quires miniature 9-contact socket. Types 3BU8,· 3BU8! 
3GS8, 4BU8 and 4BU8/4GS8 are identical with type 
6BU8 except for heater ratings. 

3BUS .tBUS 
3BUS/3GS8 4BUS/fGSS 

Heater Voltage (ac/dc) ...................... 3.15 4.2 
Heater Current ........ , ..... ,.............. 0.6 0.45 
Heater Warm-up Time (Average) .. , .... :.. 11 11 
Heater-Cathode Voltage: 

6BU8 
6.3 
0.3 

Peak value .... ,.,....................... ±200 max ±200 max ±200 max 
Average value .. ,., .... ".,............. 100 max 100 max 100.max 

Dh'ect Interelectrode Capacitances: 
Grid No.3 to Plate (Each Unit) ............................. .. 
Grid No.1 to All Othel' Electrodes ........ , ... , ................. . 
Grid No.3 to All Other Electrodes (Each Unit) .............. . 
Plate to All Other Electrodes (Each Unit) ,.,., ............. . 
Grid No.3 of Unit No.1 to Grid No.3 of Unit No.2 .. , ........ . 

Class At Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage (Each Unit) "."., ..... , ...................•.....• 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 

Peak positive value ........................•.............•..• 
DC negative value ..................... .' .................... . 
DC positive value ... , ... , ................................... . 

Grid-No.2 (Screen-Grid) Voltage .... ,.,." ....... , .............. . 
Grid-No.1 (Control-Grid) Voltage, Negative bias value ........... . 
Cathode Current .. ,." ... , .. , ...............................•..• 
Plate Dissipation (Each Unit) .................................. . 
Grid-No.2 Input ,., .. ,., .. ,., ........... , ........................ . 
CHARACTERISTICS (With Both Units Operating) 
Plate Voltage (Each Unit) ....................... . 
Grid-No.3 Voltage (Each Unit) ................... . 
Grid-No.2 Voltage , .. , .......................... ; •• 
Grid-No.1 Voltage ..... "., ................. , ..... . 
Plate Current (Each Unit) ........................ . 
Grid-No.2 Current ., ... " .. , ...................... . 
Cathode Current ... ,.,., .......................••• 
CHARACTERISTICS (With One Unit Operating) 
Plate Voltage "'., ........................ , .. , ...• 
Grid-No.3 Voltage ................................• 
Grid-No.2 Voltage .......... " ........... , ........ . 
Grid-No.1 Voltage .. , ......................... : ... . 
Grid-No.3 Transconductance ....................... . 
Grid-No.1 Transconductaljce ......................... . 
Plate Current ..... , .. ,., .... , ......... ,." ....... . 
Grid-No.3 Voltage (Approx.) for .plate current of 

100 p.A ., ....... , ... ,.,., ..... , .... " ........•• 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p.A· ... ; .................................. .. 

100 
-10 
67.5 • 
6.5 
6.6 

100 
o 

67.5 
o 

1500 

1.9 
6 

3.6 
3 

0.015 max 

300 

50 
-50 

3 
150 

-50 
12 

1.1 
0.75 

100 
o 

67.0 • 
2.2 
3.3 
7.S 

100 
·0 

67.5 
* 

ISO 

2.2 

-4.5 

-2.3 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 

volts 

volts 
volts 
volts 
volt. 
volts 
mA 

watts 
watt 

. volts 
volts 
volts 
volts 

rnA 
rnA 
mA 

,'olts 
volts 
volts 
volts 

p.mhos 
p.mbos 

mA 

volts 

wIts 



TECHNICAL DATA-

MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance (Each Unit) ..... _ _ _ ....••.. _. __ 
Grid-No.1-Circuit Resistance ......................... ~ ~ ~ ...... . 
• Adjusted to provide a de grid-No.1 ciJrrent of 100 microamperes. 
t With plate and grid No.3 of the other unit connected to ground. 

TYPE6BU 

0.6 
0.6 

191 

megohm 
megohm 

WITH Eell AS VARIABLE 
GRID-No.2 VOLTS'S7.5 

PLATE AND GRID 
No.3 OF OTHER 
UNIT GROUNDED. 

f3 GRID-No.1 mA= 0.1 

ffi2.5 'l. 
!i ~c.~' 3 2.0 ';.r;~4,c..,.,..f-~b..:('~~>"'FT"+---j--j 

i 1.5 

o 100 200 300 400 
PLATE VOLTS 92CS-9428T 92CS-9429T 

6BV8 

6BW4 

Refer to chart at end of section. 

Refer to chart at end of section. 

7 IIp.ts.G3p 

TWIN DIODE­
SHARP·CUTOFF PENTODE 

6BW8 
SBWS 

9HK 

Miniature type used in television receiver applications; 
diodes are used as horizontal phase detectors; pentode 
is used as a sound if amplifier, sound limiter, and agc 
keyer. Outlines section, 6B; requires miniature 9-con­
tact socket. Type 5BW8 is identical with type 6BW8 
except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ....................... " ..... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ................................ . 

Direct Interelectrode Capacitances: 
Pentode Unit: 

5BW8 
4.7 
0.6 
11 

±200 mal< 
100 malt 

Grid No.1 to Plate ..........................................• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................... _ ...............• 
Plate to Cathode, Heater, Grid No.2. Grid No.3. and 

Internal Shield ..........................................• 
Plate of Diode Unit No.1 to Cathode and Heater ............... . 
Plate of Diode Unit No.2 to Cathode and Heater ............... . 
Pentode Grid No.1 to Either Diode Plate ...................... . 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage ............................. _ .... _. " ........ . 
Grid.No.l (Control·Grid) Voltage: 

Positive-bias value ................................. , ......••• 
Negative-bias value ................................ , ....... . 

Plate Dissipation ...............•......•... .-....... _ ..........••• 
Grid·No.2 Input: 

For grid.No.2 voltages up to 165 volts .......................• 
For grid.No.2 voltages between 165 and 330 volts .•••.••....•. 

SBWS 
6.3 volt. 

0.45 ampere 
seconds 

±200malt volts 
100 max volts 

0.02 malt pF 

4.8 pF 

2.6 pF 
1.3 pF 
1.2 pF 

0.006 mal< pF 

330 volts 
330 volts 

See curve page 96 

o 
-55 

3 

volts 
volts 

watt. 

0.55 watt 
See curve page 96 



192 RCA RECEIVING TUBE MANUAL 

CHARACTERISTICS 

t~~~N!~I~~u.:ge . : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : ~: : : : : : : : : : :: / 250 
110 
,68 

0,25 
5200 

volts 
volts 
ohms Cathode-Bias Resistor ..................................... '; .... . 

Plate Resistance, (Approx.) ..................................... .. 
Transconductance .......................... ; .................. .. 
Plate Current ............................................ ' ....... . 
Grid-No.2 Current .... ' .......................................... . 
Grid-No.1 Voltage (Approx.) for plate current of 10 'p,A ..•...•.•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance': ." ,.. " 

For fixed-bias operation ........................•..........•• 
For cathode-bias operation .............. :, ................•• 

Diode Units (Each Unit) 
MAXIMUM RATING (Design-Maximum Value) , 
Plate Current' .........•.•....•.................•...•........•••• 

10 
3.5 

-10 

0.1 
0.5 

6 

megohm 
pmhoB 

mA 
mA 

volts 

megohm 
megohm 

rnA 

6BX7GT Refer to chart at end of section. 

6BY5GA Refer to chart at end of section. 

6BY6 
3BY6 PENTAGRID AMPLIFIER 

Miniature type used as a gated amplifier in color tele­
vision receivers. In such service, it may be used as a 
combined sync separator and sync clipper. Outlines 
section, 5C; requires miniature 7-contact socket. Type 
3BY6 is identical with type 6BY6 except for heater 
ratings. ' 

Heater Voltage (ac/dc) .......................... .. 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 

Peak value ................................... . 
Average value ................................ . 

Direct Interelectrode Capacitances: 

3BYG 
3.15 
0.6 
11 

±200max 
100 max 

Grid No.1 to Plate .......................................... . 
Grid No.3 to Plate .......................................... . 
Grid No.1 to Grid No.3 .................. ; ................... . 
Grid No. 1 to All Other Electrodes .......................... . 
Grid No.3 to All Other Electrodes .......................... . 
Plate to All Other Electrodes ............................•... 

Class A. Amplifier 
CHARACTERISTICS 
Plate Voltage ............................ ~ ..................... . 
Grids-No.2-and-No.4 Voltage ............. :-...................... . 
Grid-No.3 Voltage .............................................. . 
Grid-No.1 Voltage ... , .......................................... . 
Grid-No.3-to-Plate Transconductance ............................ . 
Grid-No.1-to-Plate Transconductance ............................ . 
Plate Current .................................................. . 
Grids-No.2-and-No.4 Current ................... ' ................. . 
Grid-No.3 Volts (Approx.) for plate current of 35 p,A and 

grid-No.1 volts = -4 ....................................... . 
Grid-No.1 Volts (Approx.) for plate current of 35 p.A and 

grid-No.3 volts = 0 ................. , ..................••••• 

Gated Amplifier 
MAXIMUM, RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grids-No.2-and-No.4 Voltage ............... , ................... .. 
Grids-No.2-and-No.4 Supply Voltage ................... ' .......... . 
Grid-No.3 Voltage: 

Negative-bias value ........................................ . 
Positive-bias value ......................................... . 
Positive peak value ......................................... . 

Grid-No.1 Voltage, Negative bias value .......................... . 
Plate Dissipation .........................................•...... 
Grid-No.3 Input •...• ___ .. _________ ...... __ .... __ ..•. _ •.• _ ...... " _ 

~
'4 5~ 

H 3 _, __ , 6 C;2 === C;4 

K2 7(', 
(',5 3, 

I 
('", 

GBYG 
6.3 
0.3 

±200 max 
100 max 

7CH 

0.08mllx 
0.35 max 
0.22 max 

5.4 
6.9 
7.6 

250 
100 

-2.5 
, -2.5 

500 
1900 

6.5 
9 

-15 

-12 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 

volts 
volt. 
volts 
volts 

l.tmhos 
j.trnhos 

rnA 
mA 

volts 

volts 

330 volts 
See curve page 96 

330 volts 

-55 
o 

27 
-110 

2.3 
(1.1 

volts 
volts 
volts 
volts 

watts 
watt 



TECHNICAL DATA 

Gl'ids-No.2-and-No.4 Input: 
For grids-No.2-and-No.4 voltages up to 165 volts ...........•. _ 
For grids-No.2-and-No.4 voltages between 165 and 330 volts .... 

Grid-No.1 Input ..................... . ................. . 
CHARACTERISTICS AS SYNC SEPARATOR AND SYNC CLIPPER 
Plate Voltage ................ ~ .................................• 
Grid-No.3 Voltage ..............................................• 
Gl'ids-No.2-and-No.4 Voltage ....................................• 
Grid-No.1 Voltage .............................................. . 
Plate Current .................................................. . 
Grids-No.2-and-No.4 Current .................................... . 
Grid-No.3 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-

and-No.4 voltage of 25 volts, grid-No.1 voltage of 0 volts, and 
plate current "f 50 /LA ...........................•.......... 

Grid-No.1 Volts (Approx.) for plate voltage of 25 voUs, grids-No.2-
and-No.4 voltage of 25 volts, grid-No.3 voltage of 0 volts, and 
plate cur1;ent of 50 /LA ...................•.............••.•• 

MAXIMUM CIRCUIT VALUES 
Gdd-No.1 or Grid_No.3-Circuit Resistance: 

For fixed-biBs operation ....................................• 
For cathode-bias operation .......... . ......... . 

o 

TYPE 6BY6 GRID-No.1 VOLTS--2.5 
GRIDS- No.2 8 No.4 VOLTS-IOO 

1C2'4GBlQ;i'ti 3"'y!!.b-T~ ':.£~-!2-.! Ilk) I 
~:: ::= == :: ="=-;;§.:.. 0 

- -.""'-- -- Q-I ~ ---"'1""" -z. 

;; 1~' ~ 
~~ 

/' 
~ 

GRI -No.3 VOLTS EC3-4-

1: 

100 200 
PLATE VOLTS 

-6 

-8 

-
~O 

92CS-8IDTI 

DIODE­
SHARP·CUTOFF PENTODE 

193 

1.1 watt.. 
See curve page 96 

0.1 watt 

10 volt., 
0 volts 

25 volt. 
0 volts 

1.4 rnA 
3.5 mA 

-2.0 volt. 

-2.3 volts 

0.5 megohm 
1.0 megohm 

6BY8 

9FN 

Miniature type used in television receiver applications. 
The pentode unit is used as an rf amplifier and the 
high-perveance diode as a limiter or detector. Outlines 
section, 6Ej requires miniature 9-contact socket. 

Heater Voltage (acldc) ......................................... . 
Heater Current ................................................. . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value .....................•........................ 

Direct Interelectrode Capacitances:' 
Pentacle Unit: 

Grid No.1 to Plate ........................................•. 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................ . 
Plate to Cathode, Heater, Grid Ni>.2, Grid No.3, and 

6.3 
0.6 
11 

±200 max 
100 max 

0.0035 max 

5.5 

volt.. 
ampere 
seconds 

volts 
volts 

pF 

pF 

Internal Shield .................. ,......................... 5 pF 
pF Diode Plate to All Other Electrodes ............................ 4.8' 

• With external shield connected to cathode of pentode unit (pin 9). except as noted. 
- With external shield connected to ground. 

Pentode Unit as Class At Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ....... ....... . ........... _ .....................• 
Grid-No.3. (Suppressor-Grid) Voltage, Positive value ..............• 
Grid-No.2 (Screen Grid) Supply Voltage .........................• 
Grid-No.2 Voltage ............................................ . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ......................................•.• 
Positive-bias value .......................................... . 

300 volt~ 
o volts 

300 volt. 
See eurve page 96 

-50 
o 

volts 
volts 
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Plate Dissipation •.•••••••••..•••••..•.•....•.....•• ' •••••.•.••••• 
Grid-No.2 Input: " 

For grid-No.2 voltages up ,to 150 volts ..........•......•..•••• 
For grid-No.2 voltages between 150 and 300 volts ..•.........•• 

CHARACTERISTICS 

3 watts 

0.65 watt 
See curve page 96 

Plate Supply Voltage .......... ~ ..................• 100 250 volts 
Grid No.3 ........................•.....••........• Connected to cathode at socket 
Grid-No.2 Supply Voltage : ........................ . 100 150 volts 
Cathode-Bias Resistor ............................. . 150 68 ohms 
Plate Resistance (Approx.) .' ...•.................... 0.5 1 megohm 
Transconductance ................................• 3900 6200 pmhos 
Plate Current .................................... . 5 10.6 mA 
Grid-No.2 Current ....... ; .................... , .... . 2.1 4.3 rnA 
Grid-No.1 Voltage (Approx.) for plate current of 

10 pA ............... : ......... ; •..........•..• 
,.,AXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

-4.2 

For fixed-bias operation ..................................... . 
For cathode-bias operation ..................................• 

Diode Unit 
MAXIMUM RATINGS (Design·Center Values) 
Peak Inverse Plate Voltage ..................................... . 
Peak Plate Current .............................................• 
AVel'age Plate Current ..................................•.......• 

6BZ6 
3BZti, 4BZti, 12BZli 

SEMIREMOTE-CUTOFF 
PENTODE 

Miniature type used in gain-controlled video if stages 
of color and black-and~white television receivers. Out­
lines section, 5C; requires miniature 7-contact socket. 
Types 3BZ6, 4BZ6, and 12BZ6 are identical with iype 
j3BZ6 except for heater ratings. 

Heater V~1tage (ac/dc) ...... . 
Heater ,Current .............. . 
Heatel' Warm-up Time (Aver-

age) .. , ................... . 
Heater-Cathode Voltage: 

3BU 
3.15 

0.6 

11 

4BU 
4.2 

0.45 

11 

Peak value ............... ±200 max ±200 max 
Average value ............ 100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield ................... . 
Plate to Cathode, Heater,Grid No:2, Grid No.3, 

and Internal Shield ......................... . 

A With external shield connected to caihode. 

Class Al Amplifier 
MAXIM,UM RATINGS (Design·Maximum Values) 

GBU 
6.3 
0.3 

±200rnax 
100 max 
Unshielded 

0.025 max 

7 

2 

Plate Voltage .............. : .............•• ; ............• 
Grid No.3 (Suppressor-Grid) Voltage, Positive value ............ ' .• 
Grid-No.2 (Screen-Gdd) Supply Voltage ......................... . 
Grid-No.2 Voltage ............................................... . 
Grid-No.1 (Control.Grid) Voltage, Positive-bias value, ..........•• 
Plate Dissipation ................................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .......................• 
For grid-No.2 voltages between 165 and 330 volts .............• 

CHARACTERISTICS 

-6.6 

0.25 
1.0 

430 
180 
45 

volts 

megohm 
megohm 

volts 
rnA 
rnA 

* p 
4 5 

H 3 '::: 6 "2 

---
2 7 

K G3 
I IS 

GI ' . 

7CM 
12BZ6 
12.6 volts 
0.15 ampere 

seconds 

'±200rnax volts 
100 max volts 

Shielded 
0.015 max pF 

7 pF 

3 pF 

330 volts 
,0 volts 

330 volts 
See curve page 96 
o volts 

2.3 watts 

0.55 watt 
See curve page 96 

Plate Supply Voltage............................................ 125 volt. 
Grid No.3 .......... ' ........................................ Connected to cathode at socket 
GI·id·No.2 Supply Voltage ........................................ 125 volts 
Cathode-Bias Resistor ............................................. 56 ohms 
Plate Resistance (Approx.) ....................................... 0.26 megohm 
Tl'ansconductance " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 8000 pmhoe 

~~:N~ic~~~~t . : : : : : : : : : : : : : : : : : : : : : : :: ::.: : : : : : : : : : : : : : : : : : : : : l~ :~ 
Grid-No.1 Voltage (Approx.) for tranSCollductance of 50 pmhos .. , -19 volt. 
Grid-No.1 Voltage (Approx.) for transconductance of 700 /Lmhos •• -4.5 volts 



TEOHNICAL DATA 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode·bias operation ................................•• 

.~ ... 
N 

~:3 25 
'0: 
~~ 20 
C!I:E 
0::$15 
~.~ 
~:E 10 

'" l-
e:( 
..J 
Q. 

5 

TYPE 6BZ6 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT '-
SOCKET. 

GRID-No.2 VOLTS-125 0 

I'Y GRID-N~.I voLTS ~CI=~0.50 
t l~ -I 

) I -1.5 

r--~ 
-2 -- .. ~C2 ,Q Ir~2 t -Iii== -I -J) -4 

~ - -I -10 

o 100 200 300 400 
PLATE VOLTS 92CS-&508T3 

MEDIUM-MU TWIN TRIODE 

0.25 
1.0 

195 

megohm 
megohm 

6BZ7 
4BZ7 

Miniature type used as a casco de amplifier in vhf color 
and black-and-white television tuners and in push­
pull cathode-drive rf amplifiers. Outlines section, 6B; 
requires miniature 9-contact socket. For typical opera­
tion as a resistance-coupled amplifier, refer to Resist­
ance-Coupled Amplifier section. Type 4BZ7 is identical 
with type 6BZ7 except for heater ratings. 

Heater Voltage (ac/dc) ...........................• 
Heater Current ............................••..•••• 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ............................. "" .. , 
Average value ..............................•.. 

Direct Interelectrode Capacitances: 

4BZ7 
4.2 
0.6 
11 

±200*max 
100 max 

Grid to Plate (Each Unit) ................................. . 
Grid to Cathode, Heater, and Internal Shield (Unit No.1) •.... 
Plate to Cathode, Heater, and Internal Shield (Unit No.1) .... . 
Plate to Cathode (Each Unit) .............................. . 
Heater to Cathode (Each Unit) ............................. . 
Cathode to Grid, Heater, and Internal Shield (Unit No.2) .... . 
Plate to Grid, Heater, and Internal Shield (Unit No.2) ...... . 
Plate of Unit No.1 to Plate of Unit No.2 .................... . 
Plate of Unit No.2 to Plate and Grid of Unit No.1 ........... . 

6BZ7 
6.3 volts 
0.4 ampere 

seconds 

±200*max volts 
100 max volts 

1.2 pF 
2.6 pF 
1.2 pF 

0.12 pF 
2.6 pF 

5 pF 
2.2 pF 

0.010 max pF 
0.0?4 max pF 

• Rating may be as high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 

Class At Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ..................................................• 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Cathode-Bias Resistor .......................................... . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) ... ,.,' ............................... . 
Transconductance . '.' ............................. ,' ... .' ......... . 
Plate Current .................................................. . 
Grid Voltage (Approx.) for plate current of 100 /LA ••.••••••••••• 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance ........................................ .. 

250*' 
20 

2.0 

150 
220 
36 

5300 
6800 

10 
-7 

0.5 

volts 
mA 

watts 

volts 
ohms 

ohms 
/Lmhos 

mA 
volts 

megohm 
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TYPE 6BZ7 
EACH UNIT 

92CS-9231T 

6B,Z8' Refer to chart at end of section. 

6C4 POWER TRIODE 
Miniature type used as a cascode amplifier in vhf color 
local oscillator in FM and other high-frequency cir­
cuits and as a class C rf amplifier. Outlines section, 
5C; requires miniature 7-contact socket .. For typkal 
operation as a resistance-coupled amplifier, refer to 
Resistance-Coupleci Amplifier section. For additional 
curve of plate.characteristics, !efer, to type 12AU'iA. . 
Heater Voltage (ac/dc) .... ; ..........................• ', ........• 
Heater Current ...... ,~ ..........•.•............... " ...... ' ...... . 
Heater-Cathode Voltage: 

Peak value ............................................... , .... . 
Average value ..... , ........ · .............................. : .. 

Direct Interelectrode Capacitances (Approx;) . Unshielded 
Grid to Plate ................................ .... . .1.6 
Grid to Cathode and Heater ...... 0 • • • • ••• •• • • • • • 1.8 
Plate to Cathode "nd Heater ...... , ....... '.' , ... '. 1;3 

A With external shield connected to cathode. 

Class A; Amplifier 
MAXIMUM RATINGS (Design-Center Values) . . 

~l:t ~f;.!f:atio~;'::::::::::::::::: :::::::::::::::::::::::;::: ::: 
CHARACTERISTICS' ' 

~~ir V>;'li::!: ::: : :: : : : : : : :: : ::: : : : : : : : : ::': : : : ::: : 
Amplification Factor ....... : ... " ............... : ...• 
Plate Resistance (Approx.) ............. ; ..... " .. 
rransconductance .: ...• "0 ', •••••••••• ' ••• "0 •••••••••• 

Plate Current .................. ,',,, ............ .. 
Grid Voltage (Approxo) for plate current of 10 p,A 
MAXIMUM CIRCUIT VALUES ' . 
Grid-Circuit Resistance: ' 

100 
Q 

1~.5 
6250 
8100 
IL8 

·-'10 

~4 .. 5

P 

.. H 3. 6 G 

It 2 . 7 K 

p .. 1 

6SG 
6.3 

0.15 

±200max 
100 max 

ShieldedA 
1.4' 
1.8 
2.5 

300 max 
3.5 max 

250 
~8.5 

1'7 
7700 
2200 
10.5 
-,25 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
watts 

volts 
volts 

ohms 
pmhos 

mA 
volts 

For fixed bias operation 0 ....... • ...... ,'" ........... :. " ........ , 0:25 megonm 
Fo:\' cathode-bias operation ................... ' ......... :;......... 1.0 megobm 

• TUilsformer- or impedance-type input couPJing;d€Vices' ;;rerecommerided to Diinimlze 
resistance ill the grid circuit. 

RF Power Amplifier andOscilJatoi'-,Class C TeJegrapliy 
MAXIMU~ RATINGS (Design-Center Valuell} .' 

;~t vj!::: ,,:~.~: :'~:::.:::::~:~,::~:~~.::.:~~~;~:: ::~~::~:;::: ::: 3:~ -1g 
~I!~ =:::ti~~:::: :::: ::::.:.::: :.::::: ::::'.,:.:<:.::':.:~~~':~:::~.:: ::.'! J 

volts 
volts 

mA· 
mA 

watts 



TECHNICAL DATA 

TYPICAL OPERATION AT FREQUENCIES UP TO 50 MHz 
J;'late Voltage .................................................. . 
Grid Voltage .. : ............................................... . 
Plate Current ...........................................•...... 
Grid Current (Approx.) .......................................• 
Driving Power (Approx.) ..................................... . 
Power Output (Approx.,- ..................................... . 

300 
-27 

25 
'1 

0.35 
5.5 

197 

volts 
volts 

mA 
mA 

watt 
watt. 

- Approximately 2.5 watts power output can be obtained when the 6C4 is Used at 150 MHz 
a. an oscillator with grid resistor of 10,000 ohm. and with maximum rated input. 

6(5 

6(5GT 
6(6 

6(7 
6(8G 

Refer to chart at end of section, 

Refer to chart at end of section, 

Refer to chart at end of section, 

. Refer to chart at end of section; 

Refer to chart at end of section. 

SHARp·CUTOFF 
DUAL TETRODE 

6C9 
ne9 

2 
GzTR2 

'ITllz I 

CENTER PIN 
~Z:;IS 

. 10F 

Min.iature. type used as vhf rf·amplifier and. autodyne 
miXer tjlbe;. Outlines section, SB; except center pin: is 
added to'; base; requires miniature lO-contact socket. 
Type; 17C9 is identical with type SC9 except for heater 
ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current ..................................• 
Peak Heater-Cathode Voltage ..................... . 
Direct Interelectrode Capacitances: 

Grid. No.1 to Plate· ......................... . 
. Glid NO.1 to Cathode, Heatel', Grid No.2, and 

Internal Shield ........................... .. 
Plate to Cathode, Heater, Grid No.2 and 

Internal Shield ............................ . 
Heater to Cathode ........................... .. 

. Plate of Unit No.i to Plate.of Unit No.2 ..... . 
Grid No.1 of Unit No.1 to Grid .. No.l of Unit No.2 
Grid No.1 of Unit No.1 to Plate of Unit No.2 .. 
Grid No.1 of Unite No.2 to Plate of Unit No.1 .. 

6C9 l1C9 
6.3 16.8 
0.4 0.15 

±10Q max ±100 max 
Unit No." Unit No.2 

0.050' max 0.06 max 

4.4 4.2 

2.2 2.2 
4.24.8 

.0.003 max 
0.001 max 
0.<101 max 
O.032·max 

.' . Class At Amplifier (Each Unit) 
MAXIMUM RATINGS (Oesjgn~Maximum Values) 

volts 
ampere 

volts 

pF 

pF 

pF 
pF 
pF 
pF 
pF 
pF 

Plate Voltage ..................... : ........................... .. 250 volts 
Grid-No.2 (Screen-Grid) SuPply Voltage ....................... . 
Grid-No.2 Voltage ..............................................• 
Catho"de Current .................................. " ............. . 

180 volts 
See curve page 96 

20 mA 
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Plate Dissipation: 
Either plate .............. " ............................... .. 
Both plates (both units operating) ..........•.............•• 

Grid-No.2 Input: . 
For grid-No.2 voltag<\s up to 90 volte ."., .................. . 
For grid-No.2 voltages between 9C) and .180 volts ,.,., ......•. 

CHARACTERISTICS 
Plate Voltage' ..... " ........ ", ..... , ............ , ..•.........• 
Grid-No.2 Voltage .......... , ...... ,."., .. ,., ................. . 
Grid-No.1 Voltage ,.,., .......................................... . 
Plate 'Resistance (Approx.) .................................... . 
Transconductance .... "' ," ........... 0"' 0", • .' • ," •••••••••• 0"' •••••••••• 

Plate Current ....................... ' ........................... . 
Grid-No.2 Current ............................................ .. 
Grid-No.1 Vo.ltage (Approx.) for plate current of 20 ,..A ......... . 

i.5 
2.5 

watts 
watts 

0.5 watt 
See curve page 96 

125 volts 
80 volts 

-1 volt 
0.1 megohm 

8000 ,..mhos 
10 mA 

1.5 rnA 
-6 volts 

6C10 HIGH.MU TRIPLE TRIODE PT2 K:2 ';2 

Duodecar type used in resistance-coupled voltage am- Kt 
plifiers, phase inverters, and other circuits requiring 1 

high voltage gain. Outlines section; SA; .. requires KT \.,3'){I!I~!::!.I"'" 
duodecar 12-contact socket. Heater: volts (ac/dc), 6;3; 3 

amperes, 0.6; average warm-up time (for series heater PT/ 1 12 
operation),. 11 seconds; maximum heater-cathode volts, H H 

±200 peak, 100 average.' . . 12BQ 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Triode Unit) 
Plate Voltage ..................................... " ...........• 
Grid' Voltage: ' 

Positive-bias value ......................................... . 
Negative-bias value ........................................ . 

Plate Dissipation ............... , ................ , .............. , . 
Total Plate Dissipation (All plates) .... , .. , .................. .. 
CHARACTERISTICS (Each Triode Unit) 
Plate Voltage ............................ ; ....... . 
G"id Voltage ..................................... . 
Amplification 'Factor ........ , ...... ; ............. . 
Plate Resistance (Approx.) .......... , ........... . 
Transconductance ................... , ............ . 
Plate Current ,' ...................... , ........... . 

FULL-WAVE. 

100 
-1 
100 

80000 
1250 . 

0.5 

6CA4 VACUUM RECTIFIER 
Miniature type used in power supply of compact audio 
equipment having moderate dc requirements. Outlines 
section, 6G; requires miniature 9-contact socket. This 
tube, like other power-handling tubes, should be ade­
quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
1. 

Full-Wave Rectifier' 
MAXIMUM RATINGS (Design·Center Values) 
Peak'Inverse Plate Voltage .................................. .. 
Peak Plate Current (Per Plate) ............................... .. 
AC Plate Supply Voltage (Per Plate, "ms) witn Capacitor Input 

to Filter .................................................. . 
Average Output Current ........................... , ..... ' ..... . 
Hot Switcbing Transient Plate Current (Per Plate) ............. . 
Peak Heater-Cathode Voltage ................................. .. 
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ...... 1i00 600 
Filter-Input Capacitor ......................•.• 60 50 
Total Effective Plate Supply Impedance . 

per Plate .................................. 160 200 
DC Output Voltage at Input to Filter (Approx.) 

For dc output current of 150 mA"......... 2.5 293 

330 

o 
-50 

1 
3 

250 
-2 
100 

62500 
1600 

1.2 

1000 
450 

350 
150 

# 
-500 

700 
50 

240 

347 

H 

8M 

volts 

volts 
volts 
volt 

watts 

volts 
volts 

obms 
,..mhos 

mA 

NC 

volts 
mA 

volts 
rnA 

volts 

volts 
,..F 

ohms 

volts 
# When capacitor;.input circuits ~re used, a maximum peak current value per plate of 1 

. ampere during the initial cycles of the hot-switching transient shOldd not be excee<ied. 



TECHNICAL DATA 

'0 OP~AA'tION CHAAAe1'£IU$"I"leS' 
FULL WAYE C RCUIT CAPACITOR INPUT TO PiloTE" - I 

I 
" T~PE f>tA4 E".~.n~LTS I 

r- SUPPLY FREQUENCY (C:PS).'O I CAPACITOR INPUT TO FILTER I 501''' 
I- TOTAL EFrECTIY~~~!:f-:~P:iY ~MPEDANCE I--

PER PLATE OHMS 150 20"12"0 

00 

OO~ 

'OO~'/'SR C 
~~ ~~~~ 

A 

00 

100 

" 

a 60 100 150 zoo 250 
DO:: LOAD MI .... IAMPERES 

92CS-10)79TI 
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6CAS 
BEAM POWER TUBE 12CA5,25CA5 

Miniature type used in af power output stage of radio 
and television receivers. Outlines section, 5D; requires 
miniature 7-contad socket. Types 12CA5 and 25CA5 
are identical with type 6CA5 except for heater ratings. 

Heater Voltage (ac/dc) •.•......•.•• 
Heater Current ", ... , ... " .. , ....•• 
Heater Warm-up Time (Average) .... 
Heater-Cathode Voltage: 

GCA5 
6.3 
1.2 

12CA5 
12.6 

0.6 
11 

'Peak value ..................... ±200 max +200 -300 max 
Average value ..•............... 100 max +100 -200 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ............................................ 0 .... . 

Grid"No.2 (Screen-Grid) Voltage ...........................•...• 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value ...........• 
Plate' Dissipation .............................. : ............... . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ...............•..••.......• 
TYPICAL OPERATION 
Plate Voltage .................................. .. 
Grid-No.2 Voltage ...............................• " 
Grid-No.1 (Control-Grid) Voltage ................. . 
Peak AF Grid-No.1 Voltage .................... .. 
Zero-Signal Plate Current ...................... ' .. . 
Maximum-Signal Plate Current ............. ' ....•. 
Zero-Signal Grid-No.2 Current (Approx.) .......•.• 
Maximum-Signal Grid-No.2 Current (Approx.) .... . 
Plate Resistance (Approx.) ... : .................. .. 
Transconductance .............. , .. , , ............ .. 
Load Resistance .. " ............................. .. 
Total Harmonic Distortion ..................... .. 
Maximum-Signal Power Output ..•....••••••••• , • 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

110 
110 
-4 

4 
32 
31 

3.5 
7.5 

16000 
8100 
3500 

5 
1.1 

For fixed-bias operation " .... ~ .- ~ ........ 0 ................... . 

Folo cathode-bias operation ............... ' .............. "' ... . 

25CA5 
25 volts 

0.3 ampere 
seconds 

±200max volts 
100 max volts 

130 ""Its 
130 volts 

0 volts 
5 watts 

1.4 watts 
180 ·C 

125 volts 
125 volts 

-4.5 volts 
4.5 volts 
37 mA 
36 rnA 

4 mA 
11 rnA 

15000 obms 
9200 pmhos 
4500 , ohms 

6 per cent 
1.5 watts 

0.1" megohm 
0.6 megohm 
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6CA7 
6CA71 

EL34 POWER PENTQDE 
Glass octal types used. in the. output stage of audio­
frequency amplifiers. Maximum dimensions: oyer~all 
length, 4*6 inches; seated height, 3% inches; diameter, 
1 % inches. Tubes require .octal socket. 
Heater Voltage (ae/dc) ................................. : .... .. 
Heater Cunent ..... " .................. , ....................•• 
Peak Heater-Cathode Voltage ................. , ................ . 
Direct Intereleetrode Capacitances: 

Grid No.1' to 'Plate ....................................•••• 
Grid No.1 to Cathode, Heater, Grid No.2, and .Grid No.3 ..•• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ...••••• 

Class A, Amplifier / 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .,., ..... , ......................... : ............... ,. 
Grid-No.2 (bCreen-Grid) Voltage ............................... . 
Grid-No.2 Input ............................................ , ... .. 
Cathode Current ............................ ; ..................• 
Plate Dissipation ................................. ' ............. . 
TYPICAL OPERATION . 
Plate Voltage ..................................... , ........... .. 
Grid-No.2 Voltage .. ,., .. , ....................................•. 
Grid-No.1 (Control-Grid) Voltage ...............•................. 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Cunent .. , .................................. . 
Zero-Sig.nal . Grid-No.2 Current ................................. . 
Transconductance .................... ~ ......................... . 
Plate Resistance ........................................ ' ......• 
Load Resistance , ...................... ,",., .. ,",."."., ..... . 
Maximum-Signal Powel' Output ." ,. , . , . , .... , , , . , ... ; . , ..... .. 
Total Harmonic Distortion .. ,' ................ , .. , .............. . 
MAXIMUM CIRCUIT VALUE 
Gdd-No.1-Circuit Resistance, For cathode-bias operation ........• _ 

Push-Pull Class AB. Amplifier 
MAXIMUM RATINGS (Same as for Class A. Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ........ : ....... ' .... : ... , ................ . 
Grid·No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor .........................................• 
Grid-No.2 Realstol· .........•... ,., ............................. . 
Peak AF Grid-No.1 to Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Cunent ................................ , ....• 
Maximum-Signal Plate Cunent ......... , ...................... . 
Zero-Signa.! Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current· ...........................• 
Effective Load Resistance (Plate-to-plate) ....... ' .... , . ; ....... . 
Total Harmonic Distortion ...................................... . 
Maximum-Signal Power Output ................. , ................ . 

Gt G! 

'~~ . ---
H 2 7 H 

'1 8 
63 . K 

8ET 
6.S volts 
1.5 amperes 

±200max volts 

1 pF 
15.5 pF 

7.2 pF 

800 yolts 
425 volts 

8 watts 
150 mA 
25 watts 

265 volts 
250 volts 

-13.5 volts 
12.3 volts 
100 mA 

15 mA 
11000 pmhos 
15000 ohms 

2000 ohms 
11 watts 
10 per, cent 

0.7 roegohm 

450 Yolt. 
450 volts 
232 ohms 

1000 ohms 
'38.2 volt. 
120 mA 
143 rnA 

20 rnA 
44 mA 

6500 ohms 
6.1 per eent 
.40 watts 

6CB5 Refer to chart at end of section •. 

6CB5A BEAM POWER TU BE 
Glass octal type used as horizontal-deflection' ampli­
fier in color and black-and';;wbite television receivers. 
Outlines section, 21B; requires octal socket. 
Heater Voltage (ae/de) ................... , ................... . 
Heater Current . ~ .......................................... ".' ............. . 

~3~O'":-'O .~ 
2 . 7 

H '. H 

I 8 
.102 .Gz 

6.3 
2.5 

aGO 
volts' 

.roper"" 



TECHNICAL DATA 

Heater-Cathode Voltage: 
Peak value .....................•..•......................• 
Average value .............................................• 

Direct I~terelectr~e Capacitances (Approx.): 
Grid .. No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .....• 
Plate to Cathode, Heater, Grid No.2, and G"id No.3 .........• 

Class Ai Amplifier 
CHARACTER ISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ...............................• 
Grid-No.1 Voltage ...............................• 
Mu-Factor, Grid No.2 to Grid No.1 ............... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ................................. " .. 
Grid-No.2 CU1'rent ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 1 rnA 

75 
150 

o 

±200max 
100 max 

0.4 
22 
10 

175 
175 

-30 
3.8 

5000 
8800 

90 
6 

-60 

• These values can be measured by a meth,od involving a reCUrl'ent waveform such 
maximum rating of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ........................ : ..................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.2 (Screen-Grid) Voltage ...................•........ 
DC Grid-No.1 (Control-Grid) Voltage ......................•... 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current .........................................• 
Average Cathode Current ............ ' ......................• ' .• 
Grid-No.2 Input ............................ , .... , .............• 
Plate Dissipationt .. , .......... , ...............................• 
Bulb Temperature (At hottest point) ...........................• 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance .................................. . 

880 
6800 

-1650 
220 

-55 
-220 

850 
240 

4 
26 

220 

0.47 

201 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
pmhos 

rnA 
rnA 

volts 
that the 

volts 
volts 
volts 
volts 
.volts 
volts 

rnA 
rnA 

watts 
watts 

'C 

megohm 

# Pulse duration must not exceed 15% of a hOl'izontal scanning cycle (10 microseconds).' 
t A bis.s resistor 01' other means is required to protect the tube in absence of excitation. 

~
H P 
~ 5 

H3',.:'· 6G2 
, ---

6CB6 
6CB6A 

SHARP-CUTOFF PENTODE 
2 7 

,K G3 
I IS 

G, 

3CB6,4CB6 
Miniature types used in color and black-and-white tele­
vision receivers as if amplifier at frequencies up to 
about 45 MHz and as rf amplifiers in vhf television 

7CM tuners. Outlines section, 5C; require miniature 7-con-
tact socket. For typical operation as resistance-coupled amplifiers, refer 
to Resistance-Coupled Amplifier section. Types 3CB6, 4CB6, and 6CB6 are 
identical with type 6CB6A except for heater ratings. 

Heater Voltage (ac/dc) ... ' .. 
Heater Current .... , .. , ..... . 
Heater Warm-up Time (Avel'-

age) , ........ , .. " .. , ..... . 
Heatel'-Cathode Voltage: 

Peak value ............. . 

3CB6 
3.15 
0.6 

11 

4CB6 
4.2 

0.45 

11 

f +2()0 max 
1-300max 

6CB6 
6.3 
0.3 

6ell6A 
6.3 
0.3 

11 

±200max 

Average value ...... , ... . 

{ +200 max 
-300 max 

100 max { +100 max. 100 max 
-200 max 

Direct Interelectrode CapAcitances: 
Grid No.1 to Plate .......................... .. 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal· Shield ............. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3. 

and Internal ·Shield ... , ...................•• 

'" With external shield connected to cathode. 

Unshielded ShieldedA 
0.025 max 0.011; max 

6.5 

2 

6.5, 

3 

"olts 
ampere 

seconds 

volts 

volts 

pF 

pF 

pF 
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Class AI Amplifier 
MAXIMUM RATINGS (Design-Maximum ita'lues) 

'Plate, V<iltage ...•.... " ............ : .................... ',' ...... . 
Gdd-N(I.3' (Suppressor-Grid)· Voltage, Positive value ...........•. 
Gdd-No.2 (Screen-Grid) Voltage .............................. .. 
Gdd,No;2 SUpply Voltage ................ : ...... , ............. . 
Gdd-No.1 (Control-Grid) Voltage, Positive-bias value .•.........• 
Plate Dissipation ............... " ........ ' ...................... .. 
Grid-No.2 Input: ...' 

For grid-No.2 voltages up to 165 volta ............ : ...... .- •• 
For grid-No.2. voltages between 165· and 330 volts ..........•.• 

CHARACTERISTICS 
Plate Supply Voltage .................................. , ......• 
Grid No.3 ...... , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Connected 
Grid-No.2 Supply Voltage , .......................... , .... , ..... . 
Cathode-Bias Resistor .. , ...................................... . 
Plate Resistance (Approx • .). . ........................ , .... , .. ,. .. . 

~1::cO~~~~~t~ .. :::::::::::::::::::::::::::::::::::::::::::::: : 
Grid-No.2 Current , .............. , ...... :, .. ,., .... , ........... . 
Grid-No.1 . Voltage (Approx.) for plate cmrent of 20 /LA ......•• 
Gdd-No.1 Voltage (Approx.) for plate CU1'l'ent of 2.8 mA ....... . 

TYPE SeB6A 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRlD- No.2 VOLTS-125 

I GRI ~No.I VOlTS ECI"O-

\ r -l Ib -0.5 

if -1-

-I.~ 

I ' .. .... - I~. E~.O -2 

'- .5 -3 
~ 

o 100 200 300 400 

330 volts 
o volts 
See eurve page 96 

330 volts 
'0 volts 

2.3 watts 

0.65 watt 
See eurve page 96 

126 
to cathode 

125 
56 

0.28 
8000 

13 
S.7 

-6.5 
-3 

volts 
at socket 

volts 
,ohmS 

megohm 
p.mhos 

rnA 
rnA 

volt. 
volta 

PLATE VOLTS '2CS-9854T1 

6CD6G Refer to chart at end of section. 

6CD6GA 
25CD6GB BEAM POWER TUBE 

Glass octal type u.sed as horizontal-deflection amplifier 
in high-efficiency deflection circuits of color and black­
and-white television receivers. Outlines section, 21B; 
requires Qctal socket. This type may be supplied with 
pins 1, 4, and 6 omitted. Vertical tube mounting is pre­
ferred" but horizontal operation is permissible if pins 
No.2 and 7 are in vertical plane. Type 25CD6GB is 
identical with type 6CD6GA except for heater ratings . 

Heater Voltage (ae/de) .......................... . 
Heater Current ....................... ,. .......... . 
Heater Warm-up Time (Average) ...............• 
Heater-Cathode Voltage: 

Peak value .................................•• 
Average value ...............................• 

Direct Intereleetrode Capacitances (Approx.): 

6CD6GA 
6.3 
2.5 

±200max 
100 max 

Grid No.1 to Plate ......... ,.,.,', .......................•• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 , ....• 
Plate to Cathode, Heater,: Grid No.2, and Grid No.3 .....••••• 

• 25CD6GB 
25 ' 

0.6 
11 

±200max 
100 max 

1.1 
22 

8.5 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pI!' 
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Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ..................................• , 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.1 (Control-Grid) Voltage ................ . 
Mu-Factor, Grid No.2 to Grid No.1 ............... . 
Plate Resistance (Approx.) .......................• 
Transconductance ........................ ,_ .......• 
Plate Current ....................................• 
Grid-No.2 Current ................................• 
Grid-No.1 Voltage (Approx.) for plate cuneDt of 

1 mA ....................................... . 

60 
100 

o 

230-
21-

175 
175 

-30 
3.9 

7200 
7700 

5.5 
5.5 

-55 

203 

volts 
volts 
volts 

obms 
"mbo. 

mA 
mA 

volts 

• This value can be measured by a metbod involving a recurrent waveform sueh that tbe 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage .............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ........ . 
Peak Negative-PuIse Plate Voltage ............................. . 
DC Grid-No.2 (Screen-Grid) Voltage ........................... . 
Peak Negative-Pulse Grid-No.1 Voltage ; ...................... . 
Peak Cathode Current ......................................... . 
Avel'age Cathode Current ..................................... . 
Plate Dissipationt ..... ' ........................................ . 
Grid-No.2 Input ............................................... . 
Bulh Temperature (At hottest point) ........................•.•• 

MAXIMUM CIRCUIT VALUE 
Grid-No.-Circuit Resistanee, for grid-resistor-bias operation ..... 

700 
7000-

-1500 
175 
700 
200 

-200 
20 
3 

225 

0.47 

volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

"C 

megohm 

# Pulse duration must not exceed 15% of a horizontal seanning cycle (iO niieroseconds) . 
• Under no circumstances should this absolute value he exc"';ded. ' 
t A bias resistor or other means is required to protect the tuhe in absence of excitation. 

H 3 ::;: " G2 6CES 
SHARP-CUTOFF PENTODE XES *4 $p 

K --- K 
G3 2 7 G3 
IS IS 

Gjl 

7BD 

Miniature type used as rf and if amplifier in vhf tele­
vision receivers. Outlines section, 5C; requires minia­
ture 7-contact socket. Type aCE5 is identical with type 
6CE5 except for heater ratings. 

Heater Voltage (ae/de) .......................... . 
Heater Current ..................................• 
Heater Warm-up Time (Average) ................ . 
Heater-Cathode Voltage: . 

Peak value ................................ ,, __ 
Average value ............................... : •. 

aCES GCES 
3.15 6.3 volts 

0.6 0.3 ampere 
11 11 seconds 

±200 max ±200 I\lax volts 
100 max 100ma;,; volts 
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Direct Interelectrode Capacitances: 
Grid No.1 to PI8te· ....................•....................• 
Grid No.1 l:9 Cathode, Heater, Grid No.2, Grid No.3, 

and. Internal Shield ..................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .....................................• 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Gr.id) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-llias value ......... .- .. 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 

CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid-No.2 Voltage ..................................... , ....... . 
Grid-No.1 Supply Voltage ..................................... . 
Grid-No.1 Resistor (Bypassed) ................................ . 
Plate Resistance (Approx.) ..................................... . 
'11ransconductance ..... ~ ........................................ . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltaa:e (Approx.) for plate current of 35p.A 

6CF6 
3Cfi SHARP-CUTOFF PENTODE 

Miniature type used in television receivers as an if 
amplifier at frequencies up to about 45 MHz and as an 
rf amplifier in vhf teleyision tuners. This type is elec­
trically similar .to type 6CB6. Outlines section, 5C; re. 
quires 7-contact' socket, Type 3CF6 is identical with 
type 6CF6 except for heater ratings. 

3CF6 
Heater Voltage (ae/de) ......................... . 3.15 
Heatel' Current .. : ..... " .... "" ... """"".",,. 
Heater Warm-up Time (Average) ............... . 
Heater-Cathode Voltage: 

0.6 
11 

Peak value ................................ . +200, -300 max 
Average value "" ......................... .. 100 max 

0.03 max pF 

6.6 pF 

1.9 pF 

SOO volts 
150 volts 

0 volts 
2 watts 

0.6 watt 

125 volts 
125 volts 
-1 volt 

1 megohm 
0.3 megohm 

7600 "mhos 
11 mA 

2.3 mA 
-5 volts 

*>f P 
4 5 

H 3. ::: 6 G2 

2 7 
K G3 

, IS 

G, 

6CF6 
6.3 
O.S 
11 

7CM 

±200 max· 
100 max 

volts 
amp~re 

seconds 

volts 
volts 

Direct Interelectrode. Capacitances: 
Grid .N .... l to Plate ' ....•......................• 
Grid N.o.l to Cathode-'Heater, Grid No.2, 

U lishielded Shielded 
0.025 max 0.015 max pF 

pF 

pF 

Grid. NO.3, and. rntflmal Shield : ............• 
Plate to Cathode.· Heater, Grid No.2, 

6~6 6.6 

Grid No.3, and Internal Shield .............• 2 3 

CHARACTERISTICS 
Plate Supply Voltage ......................................... . 
Grid No.3 ....... _ ..•.......................•.........•. Connected 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor.' ........................................... , . 
Plate Resistance (Approx.) ................ " ................... . 
'franseonductance ................................. , .............. . 
Plate Current· ... : ............................................ . 

. Grid. No.2' Current ................... ' ........................•.. 
Grid-No.1 Voltage (~Pi>rox.) for plate current of. 20 "A ....... . 
Grid-No.1 Voltage (Appl'Ox., for' plate current of 2.2 mA ....... . 

125 
to cathode 

125 
66 

0.3 
7800 
12.5 
3.7 
-6 
-3 

6CG7 Refer to type6FQ7f6CG7. 

6CG8 Refer to chart at end of section. 

volts 
at socket 

volts 
ohms 

megohm 
J'mhos 

mA 
mA 

volts 
volts 
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H MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

205 

6CG8A 
5008 

Miniature type used as combined oscillator and mixer 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 40 
MHz. When used in an AM/FM receiver, the triode 
unit is used as an oscillator for both sections. In the 

9GF AM section, the pentode unit is used as a high-gain 
pentode mixer; in the FM section, the pentode unit is used either as a pen,­
tode mixer or as a triode-connected mixer depending on signal~to-noise 
considerations. Outlines section, 6B; requires miniature 9-contact socket. 
Type 5CG8 is identical with type 6CG8A except for heater ratings. These 
types are electrically identical with miniature type 6X8 except for inter­
electrode capacitances. 

Heater Voltage (ac/dc) ....................... , ...• 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................. . 
Average value ........... ; ................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ........ : .......... ' ............ . 
Grid to Cathode, Heater, and Pentode Grid No.3 
Plate to Cathode, Heater, and Pentode Grid No.3 

Pentode Unit: , 
Grid No.1 to Plate .......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and 

Grid No.3 .................................• 
Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 .................................• 
Pentode Grid No.1 to Triode Plate ............. . 
Pentode Plate to Triode Plate ................. . 
Heater to Cathode ............................. . 

• With external shield connected to cathode, except as 
- With external shield connected to plate. 

See chart at end of section. 

5CG8 
4.7 
0.6 
11 

±200 max, 
100 max 

Unshielded 

1.5 
2 

0.5 

0.04 max 

4.6 

0.9 
0.05 max 
0.05 max 
6.5· 

noted. 

6CGSA 
6.3 volts 

0.45 ampere 
11 seconds 

±200 max volts 
100 max volts 

Shielded· 

1.5 pF 
2.4 pF 

1 pF 

0.02 max pF 

4.S pF 

1.6 pF 
0.04 max pF 

0.008 max pF 
6.5- pF 

6CH8 

HALF-WAVE 6CK3 
VACUUM RECTIFIER .11CKJ, 17CK3 

Novar type used as damper tube in horizontal-deflec­
tion circuits of black-and-white television receivers. 
Outlines section, llD; requires novar 9-contact socket. 
Socket terminals 1,3, 6, and 8 should not be used as 
tie points; it is recommended that socket tabs be re­
moved to reduce the possibility of arc-over and to 
minimize leakage. This tube, like otherpower-hand­
ling tubes, should be adequately ventilated. Types 
12CK3 and 17C~3 are identical with type 6CK3 except 

9HP for heater ratings. 
6CK3 UCK3 

Heater Voltage (ae/de) ................... -: . .... 6.S 12.6 
Heater Current ...........................•.••• 1.2 .0.6 
Heater Warm-up Time (Average) ;. ......... ....... :'1'1. 
Dh:ect Intere1eetrode Capacitanees_ (Approx.) : 

.Plate to Cathode and Heater ......... ; .................. : ..... .. 
Cathode to 'Plate and Heater', .......... ~.;_ ..•. ; .. .,... . .. . .......• , 
Heater :to .!J~thod~.· ... · •... _-, .. , ••.• ~ .... ~.' ~ ...... -:~ ~_ .•••• ,_ ....•. ~! ~. ,. "_~ .... -,,~.-.t!t 

-17CK3 
16.8 
0.45-

11 

'6;5' 
9.1).>. 
3.0 

volts 
amperes 
seconds 

pF 
pF 
JlF 
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Damper Service 
For operation in a 525-line. 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage;!! .............................. , .... . 
Peak Plate Current ........................................ ; .... . 
Average Plate Current ............................... : ......... . 
Plate Dissipation ........................................ ; ...... . 
Heater-Cathode Voltage: 

Peak value .....•.....•........................ +300· 
Average vlflue .... ;............................ +100 

CHARACTERISTICS 
Tube Voltage Drop for plate current of 350 mA .......... , ....... . 

5200 
1200 
260 
6.6 

-5200 
-900 

16 

volts 
mA 
mA 

watts 

volts 
volts 

volts 

# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 

6CK4 See chart at end of section. 

6CL3 HALF-WAVE 
1:ZCL3,.17CL3 VACUUM RECTIFIER 

Novar type used as a damper tube in horizontal-de­
flection circuits of color and black-and-white tele­
vision receivers. Outlines section, 30B; requires novar 
9.ccontact socket. Socket terminals 1, 3, 6, and 8 should 
not be used as tie points. This tube, like other power­
handling tubes, should be adequately ventilated. Types 
12CL3 and 17CL3 are identical with type 6CL3 except 
for heater ratings. 

Heater Voltage (ac/dc) ....................... . 
Heater Current , .............................. . 
Heater Warm-up Time (Average) ............. . 

6CLS 
6.3 
1.2 

12CL3 
12.6 

0.6 
11 

Direct Interelectrode .Capacitances: 
Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode .......................................... . 

Damper Service 
For operation in a 525-line. 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ..... , ............................. . 
Peak ·Plate 'Current ..... , ....................................... . 
Average Plate Current ........................... , .............. , 
Plate Dissipation' ... , .. " ... ,,' .... , ............................ . 
Bulb Temperature (At hottest point) ........................... . 
Heater-Cathode Voltage: 

Peak value ., .... ,.............................. +300 
Average value................................. +100 

CHARACTERISTICS 
Tub\' Voltage Drop for plate current of 350 mA ................. . 

nCL3 
16.8 
0.45 

11 

6.5 
9.0 
3.0 

5500 
1300 
250 
8.5 
220 

-5000 
-900 

16 

9HP 

volts 
amperes 
seconds 

pF 
pF 
pF 

volts 
mA 
mA 

watts 
'C 

volts 
volts 

volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6CL6 POWER PENTODE 
Miniature type used in output stage of video amplifier 
of color and black-and-white television receivers and 
as. wide-band amplifier tube in industrial and labora­
tory equipment. Outlines section, 6E; requires minia­
ture 9-contact socket. 
Heater. Voltage (ac/dc) ....................................... _ .. 
Heater Current. .,., ...... , ....................................... . 
Peak Heater-Cathode Voltage ..... ; ............................•. 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate .............. "., ........................ . 

9BV 
6.3 volts 

0.65 ampere 
±100 max volts 

0.12 pF 



TECHNICAL DATA 

Grid No.1 to Cathode, Heater, GI'id No.2, Gdd, No.3, 
and Internal Shield ".,........... . .. ' ........... 000 

Plate to Cathode, Heater, Grid No.2, G"id No.3, 
and Internal Shield '.............. . ... ' .............•• 000 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressor-Grid) Voltage, Positi".., value ............•• 
GI·id-No.2 (Screen-Grid) Supply Voltage ......................• 
Grid-No.2 Voltage . , . . . . . ...................• , 
Grid-No.1 (Conti'ol-Grid) Voltage: 

Negative-bias value .......................................•• 
Positive-bias value .........................................• 

Plate Dissipation ...............................................• 
Grid-No.2 Input ............................................ , ...• , 
Bulb Temperature (At hottest point) ............................• 
TYPICAL OPERATION 

11 

6.S 

300 
o 

300 
150 

-50 
o 

7.5 
1.7 

200 

207 

pF 

pF 

~()lts 
volts 
volts 
volts 

volts 
volts 

watts 
watts 

'c 

Plate Voltage ................................................... 250 "olts 
Grid No.3 ................................................. Connected to cathode at soek~t 
Grid-No.2 Voltage ............................................... 150 volts 
Grid-No.1 Voltage ..............................................• -3 volts 
Peak AF Grid-No.1 Voltage ...................................... 3 volts 
Zero-Signal Plate Current ......................................• 30 rnA 
Maximpm-Signal Plate 'Current .................................• 31 rnA 
Zero-Signal Grid-No.2 Current ..................................• 7 rnA 
Maximum-Signal Grid-No.2 Current .............................• 7.2 rnA 
Plate Resistance (Approx.) ...................................... 0.09 megohm 
Transconductance ....................................... . . . . . . • • 11000 pmhos 
Load ReSistance ...... ,.......................................... 7500 ohms 
Total Harmonic Distortion ......................................• 8 per cent 
Maximum-Signal Power Output ................................•• 2.8 watts 

.. Grid-No.1 Voltage (Approx.) for'plate current of 10 pA ........•• -14 volts 
TYPICAL OPERATION IN MH.-BANDWITH VIDEO AMPLIFIER 
Plate Supply Voltage ........................................... 300 volts 
Grid No.3 ................................................ . Connected to cathode at socket 
Grid-No.2 Supply Voltage........................................ 300 volts 
Grid-No.1 Bias Voltage ... ,...................................... -2 volts 
Grid-No.1 Signal Voltage (Peak to Peak) ......................... 3 volt" 
Grid-No.2 Resistor ............................................... 24000 ohms 
Gdd-No.l Resistor ............................................... 0.1 megohm 
Load Resistor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 3900 ohms 
Zero-Signal Plate Current ...................................•.•• 30 mA 
Zero-Signal Grid-No.2 Curl'ent .................... ".............. 7.0 mA 
Voltage Output (Peak to Peak) ............ " ................... 0 132 volts 
MAXIMUM CIRCUIl' VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation ......•.•.•.•.•.••.....•••••••••••••• 
For eat!:lode-bias operation .......•.......•.....•..••••••••••• 

TYPE 6CL6 
~ G~ID No. 3 AND INTE~NAL SHIELD :3 
~ CONNECTED TO CATHODE AT '" 

N GR~g:N~~' VOLTS=150 ~ 
~:3~0 ~ 
'''' 3 e~ i 
~:2l 150~1:-\--;i7'<". 
",c..J- ~" ~cr 
O..J ,,- 20!:;! 

DiIOO.~ ~ \ 

... so 
~ -+ + + 
D-

O 100 200 '300 400 
PLATE VOLTS 92~S-7802T1 

Refer to chart at end of section. 

0.1 
0.5 

6CL8 

megohm 
megohm 
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6CL8A 
5CUA, 19CLIA 

MEDIUM-MU. TRIODE­
SHARP-CUTOFF TETRODE 

Miniature type used as combined vhf oscillator and 
mixer in color and hllick-andcwhite television receivers. 
Outlines section, 6B; requires miniature 9-contact 
socket. For maximum ratings as clltss A, amplifier, 
see type 6USA. Types' 5CLSA and 19CLSA are identi­
cal with type 6CLSA except for heater ratings. 

Heater Voltage (ac/de) .................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage:' . 

5CL8A 
4.7 
0.6 
11 

GCL8A 
6.3 

0.45 
11 

19CLSA 
18.9 
0.15 

11 

H 

9FX 

Peak value ............................ . 
Average value ......................... . 

Direct Interelectrode Capacitances: 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Unshielded Shielded 
Triode Unit: 

Grid to Plate ................................. . 
Grid to Cathode, Tetr.ode Cathode, Heater. 

1.8 1.8 

and Internal Shield ............. ' ............. . 2.8 2.8 
Plate to Cathode,. Tetrode Cathode, Heater. 

and Internal Shield ......................... . 1.5 2 
Tetrode Unit: . , 

Grid. NQ. 1 to Plate ............................ . 0.02 max 0.01 max 
Grid No.1 to Cathodl!.Heater, Grid No.2, 

and Internal Shield,,';. '.' .................... . 
Plate to Cathode, 'Heater. GJ'id No.2, 

. and In~rnal S~ld ;'. ~ . , .................... . 
Tetrode.,GrldNQ.l .\". Triode .Plate ... , .......... . 
Tetrode Plate to Ti'llide: p.late ...... , ............ . 
Heater to' Cathode (Each Unit) ..... ' ........... . 

1\ 1\ 

2 S 
0.015 max 0.01 max 

O.t5' max 0.03 max 
3 3 

Class A, Amplifier 
CHARACTERISTICS Triode Unit Tetrode Unit 
Plate Supply VOltage ............................. . 125 125 
G"id-No.2 (Screen-Grid) Voltage .................. . 
Grid-N~;l, Voltage ................................. . 
Amplit\cation. Factor .............................. . 
Plate Resistanee (Approx.) ....................... . 
TYanscondlJ,ctance ..... ' ......... ' ........ " .......... . 
Plate '. Current .................................... . 
Grid-No,2' Ourrent ................................ . 
Grid-No.1 Voltage. (Approx.) for plate current of 

20 /lA .. : .......................................... .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit ,Resistance: 

For fixed-bl8s· operation ....................... . 
For cathode-bias operation ....•. ~ ............. . 

-1 
40 

0.005 
8000 

14 

-9 

0.5 
1 

6CM6 BEAM POWER TUBE 
Miniature type used as vertical-deflection amplifier 
in color and black-and~white television receivers and as 
audio power amplifier in radio and television re­
ceivers. Outlines section, 6E; requires miniature 9-con­
tact socket. For typical. operation and maximum circuit 
values as class Al amplifier, refer :to type 6V6GTA. 
For curveS of average plate characteristics, refer to 
type 6AQ5A. 
Heater Voltage (ae/de) ........................................ .. 
Heater Current ................... : ............................ . 
Heater-Cathode Voltage: 

X~~~a;:lu:alu';':::::::::::::::::::::::::::::::::: :::::::::::: 
Direct Interelectrode. Capacitances: 

Grid No.1 to Plate .....•..................................•. 
Gdd No.1 to Cathode. Heater •. Grid No.2. and Grid No.3 .....• 
Plate to Cathode. Heater, Grid 'No.2. and Grid No.S ......••••• 

125 
-1 

0.2 
6500 

12 
4 

-9 

0.25 
1 

6.3 
0.45 

H 

9CK 

±200max 
100 max 

0.7 
8 

8.5 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 
pF 

volts 
volts 
volt 

megohm 
pmhos 

rnA 
rnA 

volts 

megohm 
megohm 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 



TECHNICAL DATA 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ............................. . ................... _ 
Grid-No.2 (Screen-Grid) Voltage ................................• 
Plate Dissipation .................... ' ........................... . 
Grid-No.2 Input ................................................ . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid-No.1 Voltag,e .............................................. . 
Amplification Factor ....................... , ................... . 
Plate Resistance (Approx.) .... , ................................ . 
Transconductance .............................................. . 
Plate Cunent ................................................... . 
G,'ic.1-No.l Voltage (App.'ox.) for plate cunent of 0.5 rnA ....... . 

,Vertical-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

315 
285 
12 

2 

250 
-12.5 

9.8 
1960 
6000 
49.5 
-37 

Triode Pentod .. 
MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage .......... : ............... . 
Peak Positive-Pulse Plate, Voltage# (Absolute 

Maximum) ............. ' ...................... . 
DC Grid-No.2 (Screen-Grid) Voltage ..... ,., ...... . 
Peak Negative-Puise Grid-No.1 (Control-Grid) Voltage 
Peak Cathode Current ............................. . 
Average Cathode Current ......................... . 
Plate Dissipation .................................... . 
Grid-No.2 Input ., ................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit R"',stance;·, For cathode-bias 

op~ration ...... 0" __ •••••••••• ~ ••••••••••••••••• 

• Grid No.2 connected 'to pli!.te. 

Conneetion. Connection 
315 315 

2000. 

-250 
120 

40 
9 

2.2 

2000A 
285 

-250 
120 

40 
8 

1.75 

2.2 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds) • 
.. Under no circumstances should this absolute value be exceeded. 
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volt', 
volt." 

watt., 
wattH 

volts 
volts 

ohm.<.; 
!Lmho, 

rnA 
volts 

volts. 

volt., 
volts 
volts 

rnA 
mA 

watts 
watt., 

megohms 

6CM7 
H MEDIUM-MU DUAL TRIODE SCM' 

Miniature type used as combined vertical-deflection os­
cillator and vertical-deflection a'mplifier in black-and­
white. television receivers_ Unit No.l is used as a 
conventional blocking oscillator in vertical-deflection 
circuits; and unit No.2 as a verticaI~deflection ampli­
fier, Outlines section, 6E; requires miniature 9-contact 
socket. Types 8CM7 is identical with type 6CM7 except 
for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current .......... , ........................ . 
Heater WanIl-UP Time (Average) .................• 
Heater-Cathode Voltage: 

Peak value ...... , ....... , .................... . 
Average value ................................ . 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plste ................................. . 
Gdd to Cathode and Heater ................... . 
Plate to Cathode and Heater .................. . 

Class A1 Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage ........ : ......•....••................. 
Amplification Factor ...•........•••................ 
Plate Resistance (Approx.) •.••••••................ 
Transconductance ..............•••................ 
Plate Current ...................•.•............•.• _ 
Plate Current for 'grid voltage of -':-10 volts .......• 
Grid Voltage (Appro~) for plate current of 10 !LA .. 

GCM7 
6.3 
0.6 
11 

8CM7 
8.4 

0.45 
11 

±ZOO maX ±200 max 
100 max 100 max 

Unit No.1 Unit No_2 
3.8 :I 

2 3.5 
0.5 0.4 

Unit No.1 
200 
-7 

21 
10500 
2000 

6 
1 

-14 

Unit No.2 
250 
-8 

18 
4100 
4400 

20 

volt" 
ampel'C 
seeQnds 

volt::l 
volt,,,,, 

pl" 
pI" 
pF' 

volt. 
volt.. 

ohms 
"mhos 

rnA 
mA 

volts 
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Vertical-Deflection Oscillator and Amplifier 
For operation in a 1I25-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .................................• 
Peak Positive-Pulse Plate Voltage# ................• 
Peak Negative-Pulse Grid Voltage ...............••• 
Pea.k Cathode Current ............................• 
Average Cathode Current ......................... . 
Plate Dissipation ....... '.' .......................•• 
MAXIMUM CIRCUIT VALUES \ 
Grid-Circuit Resistance: 

Unit No.1 
Oscillator 

650 

-220 
77 
17 

1,45 

For fixed-bias operation ........................• 2.2 
For cathode-bias operation ..................... 2.2 
For gl'id-reslstor-bias operation .................. 2.2 

Unit No.2 
Amplifier 

550 
2200 

-220 
77 
22 

6 

1.0 
2.5 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

volts 
volts 
volts 

rnA 
mA 

watts 

megohms 
megohms 
megohms 

TYPE 6CM7 30r-~.-~r--'----T~Y~P~E~6~C~M~7---' 
UNIT No.2 UNIT No.1 

50~llL~~~~~~+---+---~--, 

:a 40 
0: 
III 

~ 30 
4 

~ 20 

92CS-8615T 92CS-8617T 

6CM8 See chart at end of section. 

6CN7 
BCN' 

TWIN DIODE­
HIGH-MU TRIODE 

Miniature type used as combined horizontal phase de­
tector and reactance tube in color and black-and-white 
television receivers. The triode unit is used in sync­
separator, sync-amplifier, or audio amplifier circuits. 
Outlines section, 6B; requires miniature 9-contact 
socket. For typical operation of triode unit as resist­
ance-coupled amplifier, refer to Resistance-Coupled 
Amplifier section. Type 8CN7 is identical with type 
6CN7 except for heater ratings. 

Heater Voltage (ac/dc): 
Series ....................................... .. 
Parallel ..................................... .. 

Heater Current: 
Series ....................................... . 
Parallel ..................................... .. 

Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

6CN7 
6.3 

3.15 

0.3 
0.6 
11 

SCN7 
8.4 
4.2 

0.225 
0.45 

11 

fEN 

Peak value ....................... , ........... . ±200 max ±200 max 
Average value ............................... . 100 max 100 max 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................................. ' .. . 
Grid to Cathode and Heater ................................. . 
Plate to Cathode and Heater .............................. ;. 

Diode Units: . . 
Diode-No.1 Plate to Cathode of Diodes No.1 and No.2, 

Heater, and Internal Shield .......................•.....••• 

1.8 
1.5 
0.5 

3.6 

volts 
volt. 

ampere 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 



TECHNICAL DATA 

Diode-No.2 Plate to Cathode of Diodes No.1 and No.2, 
Heater, and Internal Shield .............................•• 

Triode Grid to Either Diode Plate ............................ . 

Triode Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................... . 
Grid Voltage, Positive-bias value ................................ . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .....................................• 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 

100 
-1 

70 
54000 
1300 

0.8 

Plate Current (Each Unit) ............................ ______ ._ 

HALF-WAVE 
VACUUM RECTIFIER 

211 

3.6 pF 
. .0.006 pF 

330 volt. 
0 volt.. 

1.1 watt 

250 volts 
-3 volts 

70 
58000 ohms 

1200 ,.mhos 
1 mA 

5.5 mA 

6CQ4 

~
p 

I< 3 

2 7 
Ie . 8 .H 

H 
4CG 

Octal type used as damper tube in horizontal-deflection 
circuits of black-and-white television receivers .Out­
lines section, 13G; requires octal socket. Socket ter­
minals 1, 2, 4, and 6 should not be used as tie points. 
This tube, like other power-handling tubes, should be 
adequately ventilated. Heater: volts (ac/dc), 6.3; am­
peres, 1.6. 

Damper Service 
For operation in a 525 .. line. 30 .. frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inverse Plate Current# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................ : .. . 
Heater-Cathode Voltage: 

Peak value ........ ;.......................... +300 
Average value ................................ _ +100 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 250 mA ................. . 

5500 
1200 
190 
6.5 

-5500 
-900 

25 

volts 
mA 
mA 

watts 

volts 
volts 

volts 

# Pulse duration must not exceed 15% of a horizontal scanning cyrcle (10 microseconds). 

MEDIUM-MU TRIODE­
SHARP-CUTOFF TETRODE 

6CQ8 
5CQI 

PTR Miniature type used in color and black-and-white tele-
8 vision receiver applications. The tetrode unit is used 
/~R as a mixer, video if amplifier, or sound if amplifier 

~~:=I::;::::::;1 tube. The triode unit is used in vhf oscillator, phase-
8 KT splitter, sync-clipper, sync-separator, and rf amplifier 

~~::%:"h circuits. Outlines section, 6B; requires miniature 9-

9GE 
contact socket. Type 5CQ8 is identical with type 6CQ8 
except for heater ratings. 

5CQ8 6eQ8 
Heater Voltage (ac/dc) .......................... _. 
Heater Current ................................... . 

4.7 6.3 volt.. 
0.6 0.45 ampere 

Heater Warm-up Time (Average) ................. . 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ................................... . ±200·max ±200 max volts 
Average value ................................ . 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded-
Triode Unit: 

Grid to Plate .. ' ....................... _ .... _ ..• 1.8 1.8 pF 
Grid to.Cathode and Heater ......... _ ........ _. 2.7 2.7 pF 
Plate to Cathode and Heater .......... _ ... ____ • 0.4 1.2 pF 
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Tetiode Unit: 
Grid .No.1 to Plate ...••..................•••••• 0.019 max 0.015 max pF 

pF 

pF 
pF 
pF 

Grid No.1 to Cathode. Heater. Grid No.2 
and Internal ShielCl ......................•.•• 

Plate to Cathode. Heater. Grid No.2. ' 
and Internal Shield ....................... : ... 

Tetrode Plate to Triode Plate ................... . 
Heater to Qathode (Each Unit) .' ................ . 

• With external shield connected to cathode of unit under·test. 
t With external shield connected to ground. 

5.0 

2.5 
0.07 max 
3.0 

0.0 

3.3 
0.01 max 
3.0t 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 'Triode Unit Tetrode Unit 
Plate Voltage ............ : .... , .................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ...........• 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation .. , ...................... ~ ......•. 
Grid-No.2 Input: ' 

For grid-No.2 voltages up to 165 volts , ........ . 
For grid-No.2 voltages between 165 and 330 volts 

Grid Input ..... " ................................. . 
CHARACTERISTICS 
Plate-Supply Voltage ............................•• 
Grid-No.2 Supply Voltage ..........................• 
Grid-No.1 Voltage , .. , ... ; ......................... . 
Cathode-Bias .l:tesistor ..............................• 
Amplification Factor ................. , ...........• 

330 

See 
0 

3.1 

See 
0.55 

125 

56 
40 

330 volts 
330 volts 

curve page 96 
volts 0 

3.2' watts 

0.7 watt 
curve page 96 

watt 

125 volts 
125 volts 
-1 volts 

ohms 
..;.. 

Plate Resistance (Approx.) ....................... . ~ggg 140000 ohms 
Transconductance ............................... : • 
Plate Current ..................................... . 
Grid-No.2 Current ..... , ........... , .... : .. , ...... . 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p.A , .......... , ...•. ' ........•..••..•......• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ........................ .. 
]?or cathode-bias operation ......................... _ 

15 

-'1 

0.5 
1.0 

6CR6 DIODE- . 
12CR6 REMOTE-CUTOFF PENTODE 

Miniature type used as combined detector and audio 
amplifier in automobile and ac-operated radiore­
ceivers. The diode unit is used as an AM detector, and 
the pentode unit as an automatic-volume-controlled 
audio amplifier. Outlines section, 5C; requires miniature 
7-contact socket. Type 12CR6 is identical with type 
6CR6 except for heaterrating~. 

GeRG 
Heater Voltage (ac/dc) ............................. S.lf 
Heater Current .. ' .... ,.,......................... O;S 
Peak Heater-Cathode Voltage ... : ................. '. ±100 max 

Pentode Unit as Class A, Amplifier: 
MAXIMUM RATINGS (Des!!!n-eeriter ValiJes) . 
Plate Voltage ........... , ............ ' ....... : ......... : ..... , .. 
Grid-No.2 (Screen-Grid) Voltage ........................... : ..... . 
Grid-No.2 Supply Voltage,., ......... , ............................ . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value ... : ..... : ... . 
Plate Dissipation ........ , ............. , .................... , .... .. 
Grid-No.2 .Input:·· . ' . 

For grid-No.2 voltages up to 150 volts ........ ' ' ............... . 
For grid-N<l.2 voltages. b.etween 150 and 300 volts ......•... ; ; • 

CHARACTERISTICS . . 
Plate Voltage ............................................ ;' ..•..... , • 

gf~~~~:~ ~~~:::::::::::::::::::::::::::::::::::::::: :.::::: :::':, 
Plate ResIstance (AllProx.) ....................................... . 
TraD8eondue~nce ~ ..... ".:. '0 •••••• :t ... ~ .••• ~ ••• , •• '! ••• '.' •••• "; ...... ,:~_: 

~~~~N~:2:C~~nt:::: :::: ::.:::::: ::~.:':~:::.::::-:: :::: :::::::: ::::,:.:' 
Gri~~l{o .• l Y,9~e (APll~9;x.) .f9r tr~~~c,Qnduc.tIOl'l"(lf ,lll )~ml10_""'!> 

5800 pmhos 
12 mA 

4.2 rnA 

-7 volls 

0.25 megohm 
1.0 megohm 

H~H 4::: 5 Pp 6 Cl2p 

2 .' ,7 
PD Clip 

I· 
K.<l3p 

12CR6 
12.6 

7EA 

0.15 
±100max 

volts 
ampere 

volts 

300 volts 
See curve page 96 

300 volts 
o volts 

2.5. wattS 

0:3 watt 
See curve page '96 

250 
100 
-2 
0.8 

2200 
9.S 

,_ 2.6 
-'-S2 

volts 
volts 
volt. 

megohm 
pmhos 

rnA 
mA 

volts 



TECHNICAL DATA 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Jtesistance: 

For fixed-bias' operation ..................................... . 
For cathode-bias operation .................................. . 

Diode Unit 
MAXIMUM RATINGS (Deslgn·Center Values) 
Plate Current .................................................. . 

0.2. 
1.0 
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megohm 
megohm 

1 mA 

6CS6 
PENTAGRID AMPLIFIER 3CS6, 4CS6 

7CH 

Miniature type used as a gated amplifier in color and 
black-and-white television receivers. In such service, 
it may be used as a combined sync separator and sync 
clipper. Outlines section, 5C; requires miniature 7-
contact socket. Types 3CS6 and 4CS6 are identical with 
type 6CS6 except for heater ratings. 

Heater Voltage (ac/dc) .................... . 
Heater Current .................•........... 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

3C96 
3.15 

0.6 
11 

4C96 
4.2 

0.45 
11 

Peak value ............................. ±200 max ±200 max 
Average Value ......................... 100 max 100 max 

Direct Interelectrode Capacitances (Approx.) 
Grid No.1 to Plate ......................................... . 
Grid No.3 to Plate ......................................... . 
Gdd No.1 to Grid No.3 ..................................... . 
Gi'id No.1 to Cathode. Heater. Grid No.2, Grid No.3, 

Grid No.4. and Grid No.5 ................................. . 
Grid No.3 to Cathode, Heater, Gl'id No.1, Grid No.2. 

Grid No.4, and Grid No.5 ...............................•• 
Plate to Cathode, Heater. Grid No.1. Grid No.2, Grid No.3. 

Grid No.4. and Grid No.5 .............. . ................•• 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grids-No.2-and-No.4 Voltage ...................... . 
Grid-No.3 Voltage ................................ . 
Grid-No.1 Voltage ................................ . 
Plate Resistance (Approx.) ..... : ................. . 
Grid-No.3-to-Plate Transconductance .............. . 
Grid-No.1-ro-Plate Transconductance .............. . 
Plate Current ....................................• 
Grids-No.2-and-No.-4 Current ..................... . 
Grid-No.3 Voltage (Approx.) for plate current of 

50 /LA .............•.•..........•..•..•....•.. 
Grid-No.1 Voltage (Approx.) for plate current of 

50 /LA: ........................ ~ •.•. : ........•.. 

100 
80 

-1 
o 

0.7 
1500 

0.8 
5.5 

-2.2 

Gated Amplifier Service 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voitage .................................................. . 
Grids-No.2-and-No:4 Supply Voltage ............................. . 
Grids-No.2-and-No.4. Voltage' ....................................• 
Cathode Currept ............................................... . 
Plate Dissipation ................................................ . 
Grids-No.2-and-No.4 Input, 

For grids-No.2-and-No.4.voltages up to 150 volts .............• 
For grids-No.2-and-No.4 voltages between 150 and 300 volts ... 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance ....................................• 
Grid-No.8-Circuit Resistance ....................................• 

MEDIUM-MU DUAL TRIODE 

6CS6 
6.3 volts 
0.3 ampere 
11 seconds 

±200 max volts 
100 max volts 

0.07 max pF 
0.36 max pF 
0.22 max pF 

5.5 pF 

7 pF 

7.5 pF 

100 volts 
30 volts 

0 volt 
-1 volt 

1 megohm 
/Lrnhos 

1100 /Lrnhos 
1.0 rnA 
1.3 rnA 

volts 

-2.5 volts 

300 volts 
300 volts 

See curve page 96 
14 mA 

1 watt 

1 watt 
See curve page 96 

0.47 megohm 
2.2 megohms 

6CS7 
8CS7 

9EF 

Miniature type used as combined vertical-deflection os­
cillator and vertical-deflection amplifier in television 
receivers; Unit No.1 is used as a conventional block­
ing oscillator in vertical-deflection circuits, and unit 
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No.2 as a vertical-deflection amplifier. Outlines section, 6E; require minia­
ture 9-contact socket. Type 8CS7 is identical with type 6CS7 except for 
heater ratings. 

8CS7 8CS7 
6 .. 3 8.4 
0.6 0.45 

Heater . Voltage (ac/dc) ......... , ................ .. 
Heater Current ........................••.........• 

11 11 Heater Warm-up Time (Average) .................• 
Ilea ter-Ca thode. Voltage: . 

Peak value .................................... . ±200 max ±200 max 
Average value ............ ' ....... : .. ; ... , ...... . 100 max 100 max 

Direct Interelectrode Capacita'nces (Approx.): Unit No.1 Unit No.2 
Grid to Plate ................................. . 2.6 2.6 
Grid to Cathode and Heater ................... . 1.8 3 
Plate to Cathode and Heater ....... , ........... . 0.6 0.5 

Class Al Amplifier 

CHARACTERISTICS 
Plate Voltage ............•...........•............ 

Unit No.1 
Oscillator 

260 
-8.5 

Unit No.2 
Amplifier 

250 
Grid Voltage ......... : ........................... . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ..................... , ...............•• 
Plate Current for grid voltage of -16 volts ....... . 

17 
7700 
2200 
10.5 

Grid Voltage (Approx.) for plate current of 10 /LA -24, 

-10.5 
15.5 
3450 
4500 

19 
3 

Grid Voltage (Approx.) for plate current of 50 /LA -22 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-ctmter Values) 
DC Plate Voltage ................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute 

. Maximum) ..................................•• 
Peak Negative-Pulse Grid Voltage .................• 
Peak Cathode Current .' ...........................• 
Average Cathode Current .........................• 
Plate Dissipation ................................. . 
MAXIMUM CIRCUIT VALUES 

Unit No.1 
Oscillator 

500 

-400 
70 
20 

1.25 

Unit No.2 
Amplifier 

500 

2200A 
-250 

105 
30 

6.5 

Grid-Circuit Resistance.............................. 2.2 2.2 

# Pulse durati9n must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
A Under no circumstances should this absolute value be exceeded. 

6CUS 
12CU5/12C5. 17CU5 BEAM POWER TUBE 

Miniature type used in the tiudio output stage of tele­
vision receivers. Outlines section, 5D; requires minia­
ture 7 -contact socket. Types 12CU5/12C5 and 17CU5 
are identical with type 6CU5 except for heater ratings. 

Heater Voltage (ac/dc) ..................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

6CU5 
6.3 
1.2 

12CU6/12C5 17CU5 
12.6 16.8 

0.6 0.45 
11 11 

lCV 

Peak value .,........................... ±200 max ±200 max ±200 max 
Average value.......................... 100 max 100 max 100 max 

Direct Intel'electrode Capacitances (Approx.): 
Grid No.1 to Plate ., ...... , ....... '., ......................• 
Grid NO.1 to Cathode, Heater, ·Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ..........• 

Class ~ Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............... " ............... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ . 
Pla.te Dissipation .............................................. . 
Gl·id-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ..... ~ .. ; ......... : ... _" .. __ 

0.6 
13 

8.5 

150 
130 

o 
7 

1.4 
220 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
/Lmhos 

mA 
mA 

volts 
vults 

volts 

volts 
volts 

mA 
mA 

watts 

megohms 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

watts 
watts 

·C 
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TYPICAL OPERATION 
Plate Voltage ...............•.................................•• 
Grid-No.2 Voltage ...................................... ; ...••••• 
Grid-No.1 Voltage ..............................................• 
Peak AF Grid-No.1 Voltage ..................... , ...............• 
Zero-Signal Plate Current .......•............................... 
Maximum-Signal Plate Current .............................. " ... . 
Zero-Signal Grid-No.2 Current ................................... . 
Maximum-Signal Grid-No.2 Current , .............................. . 
Plate Resistance (Approx.) ...................................... . 
Transconductance .............................................. . 
Load Resistance ................................................ . 
Total Harmonic Distortion ......................................• 
Maximum-Signal Power Output ...............................•.• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ...................................... . 
For en thode-bias operation ...............................•••• 

Refer to type 6BQ6GTB/6CU6. 

120 
110 
-8 

Ii 
49 
1>41 

4 
8.6 

10000 
7500 
2500 

10 
2.3 

0.1 
0.6 

6CU6 

215 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
pmhos 

ohms 
per cent 

watts 

megohm 
megohm 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 6CU8 

9GM 

Miniature type used in color and black-and-white tele­
vision re~eiver applications. The pentode unit is used 
as an if amplifier, video amplifier, agc amplifier, and 
reactance tube. The triode unit is used in low-fre­
quency oscillator, sync-separator, sync-clipper, and 
phase-splitter circuits. Outlines section, 6B; requires 
miniature 9-contact socket. 

Heater Voltage (ae/dc) ......................................••• 
Heater Current ................................................... . 

Heatp~.a~I~: V.ol~~~~.: ......................................... . 
Average value ............................................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................................... . 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Plate to Cathode. Heater. Pentode Grid No.3 and Internal Shield 

Pentode Unit: 
Grid No.1 to Plate ............................................ . 
Grid No.1 to C"thode. Heater, Gdd No.2, Grid No.3. Triode 

, Cathode, .and 'Internal Shield ............................. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, Triode 

Cathode, and Internal Shield ............................. . 
Pentode Grid No.1 to Triode Plate ...........................• 
Pentode Plate to Triode Plate ................................ . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage .................................... 330 
Grid-No.2 Supply Voltage ........................ . 

6.3 
0.45 

±200 maK 
100maK 

1.6 
1.9 
1.6 

0.025 max 

7 

2.4 
0.03 max 
O.07ma", 

Pentode Unit 
330 
330 

Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value o 

2.8 

See curve page 96 
o 

Plate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 166 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ....................... ; .... . 
Grid-No.2 Supply Voltage ........................ . 
Gl'id-No.l Voltage ............................... . 
Cathode-Bias Resistor ...... ; .....................• 
Amplification Factol' .............................• 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current .................................. .. 
Plate Current for grid-No.1 voltage of -3 volts ...• 
Grid-No.2 Current ...............................• 
Grid-No.1 Voltage (Approx.) for plate current of 

20 pA ....................................... . 

125 

-':"1 

24 
4100 
1>800 

17 

-19 

2.3 

0.55 
See curve page 96 

125 
125 

66 

170000 
7800 

12 
-1.6 

3.g 

.-3 

volts 
ampere 

volts 
volts 

pF 
pF 
pP' 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volts 
ohms 

ohms 
"mho. 

mA 
mA 
mA 

volts 
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6CW4-
2CW4, l3cW4 HIGH-MU TRIQDE 

Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and­
white television and FM receivers. .Outlines seetion, 
1; requires nuvistor socket. Types 2CW 4 and 13CW 4 
are identical with type 6eW4 except for heater ratings. 

INDEX = LARGE LUG • = PIN _-CUT OFF 
12AQ 

2CW4 
Heater Voltage (se/dc) ...................• 2.1 volts 
Heater -Current .............. _ . . . . . . . . . . . . • 0.45 

6CW4 
6.3 

0.135 
Heater Warm-up Time (Average) .........• 8 
Peak Heater-Cathode Voltage .............. ±100 max ±100 max 

13CW4 
13.5 
0.06 ampere 

seconds 
±100 max volts 

Direct Interelectrode Capacitances (Approx.) ................... . 
Grid to },late- - ... _ . _ ....................................... . 
Grid to Cathode, Heater, and Shell .........................• 
Plate to Cathode, Heater, and Shell .....................•.. 
Plate to Cathode ................. _ ........................• 
Heater to Cathode .............................•...•.....• , 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage .................... ; .... , ................ . 
Plate Voltage .............................. ; ......•..........• , 
Grid Voltage: 

Negatfve-bias value .........•..••.•............•.........•• 
Peak positive value ............................... ; ... ; .. .. 

Cathodj! Current .........•...............•.....................• 
Plate Dissipation .............•..........•............•........• 

0.92 
4.3 
1.8 

0.18 
1.6 

300· 
135 

55 
o 

15 
1.5 

CHARACTERISTICS AND TYPICAL OPERATION 
Typical 

Charaeieristics Operation 
Plate Supply Voltage ........................... . 
Grid Supply Voltage ............................. . 
Cathode-Bias Resistor ............................ . 
Grid Resistor ........... , ........................ . 
Amplification Factor ............................. .. 
Plate Resistance (Approx.) ..... .' ............ , .... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid Voltage (Approx.) for plate CUi'rent of 10 pA 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Reslstanee:' 

110 70 
o 0 

130 
47000 

65 68 
6600 5440 
9800 12500 

7 7.2 
-4 

pF 
pF 
pF 
pF 
pF 

volts 
volts 

volts 
volts 

mA 
watt 

volts 
volts -
ohms 
ohms 

. ohms 
pmhos 

mA 
volts 

For fixed-bias operation .............•............ ,........ • 0.5 megohm 
For cathode-bias operation .................................. 2.2 megohms 

• A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used 
in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of operation • 
• For operation at metal-shell temperatures up to -135° C. 

TYPE 6CW4 

'" ... a:: 
40 ... 

Q. 

:I 
:! ... 30 ... 
ji ... 20 Iii 
~ 

10 

300 
92CS-10524TI 
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POWER PENTODE 

6CWS 
6CWS/ 

EL86 
ICWS, lOCWS, 

217 

15CWS, lSCWS/PL84 
SCV Miniature types with frame grid used for vertical-de­

flection amplifier service in color and black-and-white 
television receivers. Outlines section, 6G; require mini­
ature 9-contact socket. Types 8CW5, 10CW5, 15CW5, 
and 15CW5/PL84 are identical with types 6CW5 and 
6CW5/EL86 except for heater ratings. 

Heater Voltage (ac/dc) ....••••• 
Heater Cun-ent ..............•••• 
Heater Warm-up Time .......••• 
Heater-Cathode Voltage: 

SCW5 
6CW5/EL86 

6.3 
0.76 

SCW5 
8 

0.6 

lOCW5 
10.6 
0.45 

11 

15CW5 
15CW5/PLS4 

15 volts 
0.3 ampere 

seconds 

Peak value ................•• 
Average value .............. . 

±330 max ±330 max ±330 max ±330 max volts 
±220 max ±220 max ±220 max ±220 max volts 

Direct Interelectrode Capacitances: . 
Grid No.1 to Plate ........................................•• 
Grid No.1 to Heater ....................................•••. 
Grid No.1 to Cathode. Heater, G"id No.2. and G"id No.3 ..... . 
Plate to Cathode. Heater. Grid No.2. and Grid No.3 ........•• 

Class A, or Class AB, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................•• 
Plate Supply Voltage ............................. ' ...........•• 
Grid-No.2 Voltage .............................................. . 
Grid·No.2 (Screen·Grid) Supply Voltage ......................•• 
Cathode Current ...................................... : .........• 
Plate Dissipation ..............................................• 
Grid·No.2 Input ..............................................•• 
Peak Grid.No.2 Input .....................................••••• 

CHARACTERISTICS 
Plate Voltage ..............................................•••• 
Grid·No.2 Voltage ............................................. . 
Grid·No.l (Control-Grid) Voltage ...............................• 
Mu Factor (Grid No.2 to Grid No.1) ...........................• 
Plate Resistance ............................................... . 
Transconductance .............................................. . 
Plate Current ................................................ " . 
Grid-No.2 Current .................................•..••..•... 

MAXIMUM CIRCUIT VALUE 
Grid·No.I-Circuit Resistance ...•...•.......•••••.•.•••.•...••• _. 

Vertical-Deflection Amplifier 
For operation in a 525-line. 30·frame system 

MAXIMUM RATINGS (Design·Maximum ,Values) 
Plate Voltage ............................ ' .....................• 
Peak Positive-Pulse Plate Voltage# ...........................• 
Grid-No.2 Voltage ............................................ . 
Peak Negative-Pulse Grid-No.1 Voltage ......................•. 
Peak Cathode CUI'rent .........................................• 
Average Cathode Current .....................................•. 
Plate Dissipation .. . ........................................... .. 
Grid-No.2 Input .................•.•........••... : ...•.•....•••• 

MAXIMUM CIRCUIT VALUE 
Grid·No.l-Circuit Resistance •............................... : •.• 

0.6 
0.25 max 

13 
6.8 

275 
600 
220 
600 
110 
14 

2.1 
'l 

170 
170 

-12.1. 
S 

26000 
11000 

70 
3.0 

275 
2200 

275 
-':250 

240 
110 
12 

2.1 

2.2 

pF 
pF 
pF 
pF 

voits 
vOlts 
volts 
volts 

rnA 
watts 
watts 
watts 

volts 
volts 
volts 

ohms 
ILIDhos 

rnA 
rnA 

megohm 

volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts , 

megohms I 

"" Pulse duration must not exceed 6% of a vertical scanning cycle (1.2 miliil!eConds). • 
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6cxa" 
BCD 

MEDIUM-MU TRIODE­
SHARP~CUTOFFPENTODE 

Miniature type' used in, television reeeiverapplications. 
Pentode ll,nit)s used as video amplifier; triode ,unit is 
used in sound if..,a~i>lifier, sweep-oscHlator, sync-sep­
arator, sync-amplifier, and sync~clipper circuits. Out­
lines section, 6E; requires miniature 9~contact socket. 
Type 8CX8 is identical with type 6CX8 except for 
heater ratings. ' 

H~ter Voltage (ae/de) .•.................••.•.••• 
Heater Current .......... ' ....................... .. 
Heater Warm-up Time (Average) .........•...•••. 
Heater-Cathode Voltage: 

6CX8 
6.3 

0.75 

8CX8 
8 

0.6 
11 

9DX 

Peak value' ................................. . ±200 max ±200 max 
Ave..-ge value ......... , .................... .. 100 max 100 max 

Direct Intereleetrode Capacitances: 
Triode Unit: , 

Grid to, Plate ......... " .................................... . 
Grid to Cathode and Heater .........•.....•...•.... ' .......• 
Plate to Cathode and Heater ............................... .-

Pentode Unit: 
Grid, 'No.1 to Plate .......................................•• 
Grid' 'No.1 to Cathode, Heater, Grid No.2, Grid No.8, and 

Internal Shield ....................................... " .•• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .. , .............. ' .......................... . 
Triode, Grid to Pentode Plate ........•..•.••. , ..•............ 
Pentode ,Grid No.1 to Triode Plate .... : ...... , ................ , 
Pentode Plate to Triode Plate ........................ , ........ . 

Class Al Amplifier . 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage .......................... ;........... 330 
Grid-No.2 (Screen-Grid) Voltage ................. " 

4.4 
2.2 

0.88 

0.06 

9 

4.4' 
0.018 max 
0.005 max 
0.17 max 

Pentode Unit 
330 
330 

Grid-No.2 Voltage ........................... , ..... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value o 

2 

See curve page 116 
o 

Plate DiSSipation ..•..•...........•.............•• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .....•.• 
For grid-No,' voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................ .. 
Grid-No.2 Supply Voltage ........................ ' 
Cathode-Bias Resistor ; ....•.........•............. " 
Amplifi,cation Factor ............................. . 
Plate Resistance (Approx.) ......•................. 
'Transconductance ..............••.. ' .•...•.•.•....• 
Plate Current ...............•..•...•............. 
Grid-No.2 Current ................... ' ............• 
Grid-Nc.l (Voltage Approx.) for plate current of 

too /LA ..................................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: /. 

For fi,xed-bias operation .................... "' c 

For' cathode-bias operation ................... , 

150 

150 
40 

8700 
4600 

9.2 

'--0 

0.5 
1 

5 

1.1 
See curve page 96 

200 
125 

68 

70000 
10001) 

24 
52 

-8.5 

0.25 
1 

volts 
ampere 

volts 

volta 
volta 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

volts 
volts 

volts 
watts 

watta 

volta 
volts 
ohm .. , 

ohms 
"mhos 

rnA 
mA. 

wits 

meg-ohm 
megohm 

6CYS 
2CY5, 3CY5. 4CY5 SHARP-CUTOFF TETRODE 

Miniature type used as rf amplifier in vhf tuners. of 
television receivers. Outlines section, 5C; requIres 
miniature 7-contact socket. Types 2CYS, aCY5, and 
4CY5 are identical with type 6CYS except for heater 
ratings. 

0H4' 5' 
H ,0& 

3 6 

K --- K 
IS 2 I 7 IS 

GI 

7EW 
2CYS SCYS, 4CY5 6CYII 

Heater Voltage (ae/dc) .......... 2.4 2.9 4.5 6.3 volts 
Heater Current 0.6 0.45 0.3 0.2 ampe're 
Heater Warm-up 'Ti';'~' .(.\-.;.~~~g~) . : 11 11 11 seconds 
Peak Heater-Cathode Voltage •••• , ±100max ±100 max ±100max ±100 max voltll 
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Direct Interelectrode Capacitances (Approx.), : 
Grid-No.1 to Plate ........................................•• 
Grid-No.1 to Cathode, Heater, G"id No.2 and Internal Shield ., 
Plate to Cathode, Heater, Grid No;2, and Internal Shield 

• With external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ....................•............................• 
Grid-No.2 (Screen-Grid) Supply Voltage ...................•.... 
Grid-No.2 Voltage .............................................• 
Grid-No.1 (Control-Gdd) Voltage, Positive-bias value ...........• 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts ..... ' ................ . 
For grid-No.2 voltages between 90 imd 180 volts ........... . 

CHARACTERISTICS 
Plate Voltage .................................................• 
-Grid-No.2 Voltage ............................................• 
Grid-No.1 Voltage ............................................• 
Plate Resistance (Approx.) ..................................•• 
Transconductance .............................................. . 
Plate Current .................................................• 
Grid-No.2 CUrl'ent ............................................•• 
Grid-No.1 Voltage (ApPi·OX.) for plate current of 20 p.A ........•• 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

o 50 100 
PLATE VOLTS 

DUAL TRIODE 

150 200 

92CS-9518T 

0.03 
4.5 

3 

219 

pF 
pF 
pF 

180 volts 
180 volts 

See curve page 96 
o volts 

20 mA 
2 watts 

0.5 watt 
See curve page 96 

125 volts 
80 volt. 

-1 volt 
0.1 megohm 

8000 p.mho.. 
10 mA 

1.5 mA 
--6 volts 

0.5 megobm 

6CY7 
1ICY1 

Miniature type used as combined vertical oscillator 
and vertical-deflection amplifier in television receivers. 

TI Unit No.1 is used as a blocking oscillator in vertical­
deflection circuits, and unit No.2 is used as a vertical­
deflection amplifier. Outlines section, 6E; requires mini­
ature 9-contact socket. Type llCY7 is identical with 

9LG type 6CY7 except for heater ratings. 

Heater Voltage (ae/de) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................• 
Heater-Cathode Voltage: 

Peak value .... ; ............................. . 
Average value ....... , ........................ . 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ...........................• 
Grid Voltage ................................... .. 

ICV7 nCV7 
6.3 11 

0.76 0.45 
11 

±200 max ±200 max 
100 max 100 max 

Unit No.1 Unit No.2 
250 150 
-3 

volts 
ampere 
,seconds 

volts 
volts 

volts 
volts 
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Cathode.Bias Reslst~r •..•.....•....•...........••• 
Amplification Facto!; ... ; .........................• 
Plate Resistance (App~x.) ......... : ............ . 
Transconductance ' .... ' .. ' ......... , ...............•• 
Plate Current ..... ' .............................. . 

68 
62000 
1300 

1.2 
,Plate Current for g~ld voltage of ~30 volts ....... . 
Grid Voltage (Approx.) for plate current of 10 /LA .• -5.5 

620 
6 

920 
6400 

30 
3.5 

Grid Voltage (Approx.) for plate current of 200 /LA . --40 

. Vertical·Defiection Oscillator and" Amplifier 
For operation In a li2S-lIne, 30.frame system 

, '. Unit No.1 Unit No.2 
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier 
DC Plate Voltage ................................ 350 850 
Peak Positive-Pulse Plate Voltage#' ................ 1800 
Peak Negative-Pulse Grid Voltage ................ -400 -250 
Peak Cathode Current ...........................• 120 
Aver_ge Cathode Current ...•..................... 35' 
Plate Dissipation ................................. 1 5.5 
MAXIMUM CIRCUIT VALUES 

ohms 

ohms 
I'rohos 

rnA 
mA 

volts 
volts 

volts 
volts 
volts 

rnA 
mA 

watts 

Grid·Circuit Resistance ........................... 2.2 2.2t megohDis 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
t For cathode-bia,s operation. 

6CZS 
-5CQ ~EAM POWER TUBE 

Miniature type used as a vertical·deflection amplifier 
in high·efficiency deflection circllits of color and black­
and-white television receivers and in the audio output 
stage of television and radio receivers. Outlines sec­
tion, 6G; requires miniature 9-contact socket. Type 
5CZ5 is identical with type 6CZ5 except for heater 
ratings. . 

Heater Voltage (acldc) ........................ .. 
Heater Current ....... ' ...........................• 
Heater Warm·up Time (Average) ..•............•. 
Heater-Cathode Voltage:, 

6CZG 
4.7 ' 
0.6 
11 

6CZG 
6.S 

0.45 
11 

9HN 

Peak value ............................ ; ....•. ±200 max ±200 max 
Average value ........................... ' .... . 100 max 100 max 

Direct lnterelectrode Capacitances:, 
Grid No.1 to Plate .... , ....................................... . 

. Grid No.1 to Cathode. Heater, Grid No.2, and Grid No.3 ....•• 
Plate to Cathode. Heater; Grid No.2, and Grid, No.3 

Class A. Amplifier' 
CHARACTERISTICS 
Plate Voltage .................................. .. 
Grid.No •. 2 Voltage ............................... .. 
Grld-No.l Voltage. ...•.......................... , .. 

75 
,25& 

Plate Resistance ...••..•......................•••• 
Transconductance • ., ............................. . '--
Plate· Current ................................... .. 130- . 
Grid-No.2 Current .•.............................. la· 
Grid-No.1 Voltage. (Appro,..) for plate current of 

100 /LA ..•.•••••••••......................•... 

Vertical.Deflection AmpUfier 
. POI:. operation in a 52G-line. 30-frame system 

MAXIMUM RATINGS (DeSign-Maximum Values) 
DC Plate Voltage. . ........................................... .. 
Peak Positive-Pulse Plate., Voltage# ........................... . 
Grld·No,2 (Sereen-Giid) V&ltage ............................... . 
Peak N:egative.Pul.se Grld.No.l (Control·Grid) Voltage .....•.... 
Peak Cath\>de· Current ............. ' ................ ' .............. . 
Average. Cathode- Current ............. : ......................... . 
Plate Dissipation. . ................ ' ............................ . 
Grid·No.2 Input ........ "; ............ " ........................... . 
Bulb Temperature, (.\\t. hottest point), .........................•• 
MAXIMUM CIRCUIT VALUES 
Grld~No.l·Circuit Resistance: 

For fixed~bflll'l operation ................................... .. 
For cathode-bias operation : ... ~ ...... , ..................... . 

0.4 max 
9 
6 

250 
250 

...,.;16 
73000 
·4800 

46 
4.6 

--40 

350 
2200 
315 

-275 
155 
45 
10 

2.2 
250 

0.5 
1.0 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

I'm:.,: 
mA 

volts 

volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

'0 

megohm 
megohm 
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#'Pulse duration must not exceed 15% of a vertical seannlng, Cl)"e1e (2;6 milliseconds) • 
• This value can be measured by a method involving a. recu~rent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Refer to chart at end of section; 

Refer to chart at end of section. 

Refer to chart at end of section. 

e Gr, 
If ,r. ... I..;L..I..I;;\ 9 HIGH-MU TRIPLE TRIODE 

6D6 

6D7 

6D8G 

6D10 
10 Pr Duodecar type used in oscillator-mixer, grounded-grid 

, amplifier, and automatic-frequency-control circuits. 
, 12 II Gr3 Outlines section, SA; requires duodecar 12-contact 

H H socket. Heater: volts (ac/dc), 6.3; amperes, 0.45; maxi-
12BQ mum heater-cathode volts, ,±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Triode Unit) 
Plate Voltage .. , .... , ... : .. " ... , ............... , ...... ,., ... ' •• 
Grid Voltage: ' 

'Positive-bias value ............ , ............. , ............• _' 
Negative-bias value .. , ... ,.,., .. ,., .. " .. , .. , .. ,.,.,., ... : .• 

Plate Dissipation ..... ,., .... , ......... " .. ,',., ...............• 
Total Plate Dissipation (All plates) , ...... , .. , ..... , ........•• ~ 
CHARACTERISTICS (Each Triode Unit) 
Plate Voltage , .... , ... , ......•...... , ... ".,.,.,., ...... , .. " ..• 
Grid Voltage ............... , ...... , ... , .... , .... , ... , .. , ......• 
Amplification Factor .. ,' ' ......... , ...... , ... , .. ; , , . , ...... : ....• 
Plate Resistance (Approx.) ........ ,.,", .. ,", ... ,., .......... ;. 
Transconductance ............................................ '._ • 
Plate Current ......... , .. , ... , .. ,".""', ..... , ....... , ....••. 
Grid Voltage (Approx.) for plate current of 20 ILA ..•.•.•••••••• 

330 

o 
-50 

2 
6 

125 
-1 

57 
13600 

4200 
4.2 

-y-4 

6DA4 

volt. 

volts 
volts 

watts 
watts 

volts 
volts 

ohms 
pmhos 

rnA 
volts 

~
p 

K3 

'2 . 7 
IC. H 

I S 
Ie H 

4CG 

HALF-WAVE' 
VACUUM RECTIFIER 12»4,1704 

Glass octal type used as damper tube in horizontal­
deflection circuits of television receivers. Outlines sec­
tion, 13D; requires octal socket. May be supplied with 
pin No.1 omitted. Socket terminals 1, 2, 4, and 6 should 
not be used as tie points. This tube, like other power­
handling tubes, should be adequately ventilated. Types 
12D4 and, 17D4 are identical with type 6DA4 ex!!ept 
for heater ratings. 

Heater Voltage (ac/d';) .... ,.:;, ............. .. 
Heater Current ... ,"",., ... ".,",.,,'."",. 
Heater Warm-up Time (Average) . ' .. , ... ". ','., 

GDA4 
6.3 
1,2 

Damper Service 

12m 
12.6 
0.6 
11 

For operation in a 525"lin!,. 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) . . . 
Peak Inverse Plate Cun'ent# "' .. ,.,'" .','., . '" , .. , ... , ....... ; ••• , 
Peak Plate Current .. , .......... "."' ... ".";"':.,."."._ .. ~ 

~;;:'~i)j!l;~~i~"':~~~ ,::':::::::::::::: :::::: :::::: :::::: ::::::::' 

1704 
16.8 volts 
0.45 amperes 

11 seconds' 

4100 volts 
900 rnA 
.1Ii"$ rnA 

watts 
Beater-Cathode Voltage: '/ , -440()" volts 

~~:rag~al~~~;". ::: :::::::::: :.::,:::.::,::::: :~:~;:'::: +~gg -90.0 volts 

-li·1i 

#l'nlse dUl'ation: must. nQ~ «!l'ceed 111:% o~_ 3 bo"izo~~al' Bcanning. Cl)"cle.(10:nlicroseC~llds). 



222 RCA RECEIVING TUBE MANUAL 

6D85 
12DB5 BEAM POWER TUBE 

Miniature type used as vertical-defiection-amplifierK,G3 2 

tube in television receivers. Outlines section, 6F i re- .r"\;~::::::;"'" 
quires miniature 9-contact socket. Type 12DB5 is iden-
tical with type 6DB5 except for heater ratings. 9GR 

Heater Voltage (ac/dc) .......................... . 
Heater Current ..................................• 
Heater Warm-up Time (Average) ................• 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ................... , ............ . 

Class A" Amplifier 
MAXIMUM RATINGS (Design-Center Values) 

6DB5 
6.3 
1.2 

±200 max 
100 max 

Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage .............................. .. 
Plate Dissipation .............................................. . 
Grid-No.2 Input ..............•.........................•......• 
TYPICAL OPERATION 
Plate Supply Voltage .........................................• 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor .......................................... . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current .: .............................. . 
Zero-Signal Qrid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ........................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Load Resistance ' .............................................. .. 
Total Harmonic Distortion .................................... .. 
Maximum-Signal Power Output .............................. .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation ................... : .............• 

Vertical-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage .............................................•• 
Peak Positive-Pulse Plate Voltage (Absolute Maximum)# .......• 
DC Grid-No.2 (Screen-Grid) :Voltage ...........................• 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ....................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input .. ' .............................................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

12DB5 
12.6 volts 

0.6 ampere 
11 seconds 

±200max volts 
100 max volts 

300 volts 
150 volts 
10 watts 

1.25 watts 

200 volts 
125 ,volts 
180 ohms 
8.5 volts 
46 rnA 
47 mA 

2.2 mA 
8.5 rnA 

28000 ohms 
8000 pmhos 
4000 ohms 

10 per cent 
S.8 watts 

0.1 megohm 
2.2 megohms 

300 volts 
2000· volts 

150 volts 
-250 volts 

200 mA 
55 mA 
10 watts 

1.25 watt. 

For fixed-bias operation ...................................• 0.1 megohm 
For cathode-bias operation .................................. 2.2 megohms 

# Pulse duration must not exceed 15% of a Vertical scanning cycle (2.5 milliseconds) • 
• Under no circumstances should this 'absolute maximum value be exceeded. 

6DC6 SHARP-CUTOFF PENTODE 
Miniature type used in the gain-controlled picture if 
stages of color and black-and-white television re­
ceivers and as' an rf amplifier in the tuners of such 
receivers. Otulines section, 5Ci requires 7-contact mini-
ature socket. ' . 

* p 
4 5 

H 3 ::: 6 Gz 

2 7 
K G3 

I IS 

GI 

7eM 
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Heatel' Voltage (ac/dc) " ...... ',""""', .. ,' ...... , ........ . 
Heater Current , ......... , , , , , , , , ..................... , .......• 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Diree.t Interelectrode Capacitances: 
Grid No.1 to Plate ..................................... , .• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ...................................... , , , • 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .,. , , ..... , ....... , ................. , , , • , • 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .........•...................................... ,. 
Grid-No.3 (SuPP1'essor-Grid) Voltage, Positive value ............ ,. 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Voltage ............................... , 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value .......... ', 
Plate Dissipation ............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts .................... ,. 
For grid-No.2 voltages between 150 and 300 volts ..........• , 

CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Connected 
Grid-No.2 Supply Voltage ...................................... . 
Cathode-Bias Resistor ......................................... ,. 
Plate Resistance (Approx,) .................................. ,' 
Transconductance ................................... , .......... . 
Plate Current .... ,,' ........................................... . 
Grid-No.2 Current .............................................• 
Grid-No.1 Voltage (Approx.) for tl'ansconductance of 60 /LmhOS .• 
MAXIMUM CIRCUIT VALUES 
Grid-No,1-Circuit Resistance: 

For fixed-bias operation ................................... . 
F01' cathode-bias operation ....... , .....................••• ,. 

25 
::l 
II: 

~ 20 
::IE 
ct 

:3 15 
:i 
III 
li 10 
~ 

5 

TYPE 6DC6 
GRID-No.3 VOLTS-O 
GRID-No.2 VOLTS-I50 

0 

( 

Il -I 

I GRID-No.1 VOLTS IEC --2 r J 
r 

IV' -~6"G 
o 100 ~ 300 

PLATE VOLTS' 92cs .. nOTI 

See chart at end of section. 

TWIN DIODE-SEMIREMOTE· 
CUTOFF PENTODE 

223 

6,3 volts 
0.3 ampere 

±200max volts 
100 max volts 

0.02 max pF 

6,5 pF 

2 pF 

300 volts 
o volts 

300 volts 
See curve page 96 
o volts 
2 watts 

0.5 watt 
See curve page 96 

200 
to cathode 

150 
180 
0,5 

5600 
9 
3 

-12.5 

0.25 
1.0 

volts 
at socket 

volts 
ohms 

megohm 
/Lmhos 

rnA 
rnA 

volts 

megohm 
megohm 

6DC8 

6DCSI 
EBFS9 

Miniature type used as. rf- and if-amplifier tU.be in 
radio and television receivers. Outlines section, 6E; re­
quires 9-contact socket. 

Heater Voltage (ac/dc) ............................ , .. , ... ,., •• 
Heater Current ... . ........................................• 
P€a.k Heater-Cathode Voltage ........•....•...... : .............. . 

6.3 
0.3 

±100 max 

volts 
ampere 

volts 
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Direct Interelectrode Capacitances: 
Pentode Unit: 

Grid No.1 to Plat.e ........ , ..............................• 
Grid No.1 to' A1I Other. Electrodes Except Plate .; ......... . 
Plate to All Other Electrodes F..xcept Grid No.1 ........... . 
Grid No.1 to Heater ....................................... . 

Plate of Each Diode. Unit to. A1I Other. Electl'odes ........... . 
Plate of Diode Unit No,l. to Plate of Diode Unit No.2 ......... . 
Plate of Diode Uitit No.1. to Heatet' .......................... . 
Plate of Diode Unit No.2 to' Heater ......................... . 
Plate of Diode Unit No.1 to Pentod". Grid No.1 ............. . 
Plate of Diode Unit N";2 to Pentode Grid No.1 ............... . 
Plate of Diode Unit No.1. to Pentode Plate ................... . 
Plate of Di9de Unit No.2 tQ Pentode Plate ................... . 

: Pentode .Unit as Class At Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Supply Voltage ...........................................• 
Plate Volta!!e ................................................. . 
Grid.No.2 Voltage: 

With plate current greater than 8 mA ..................... . 
With plate current less than 4 mA ... : ...................• 

Cathode Current ............................................... . 

~~ij~N~~SSifna;~~n .::::::::::::::::::::::::::::::::::::::::::::::: 
CHARACTERISTICS 

0 . .0.025 max pF 
5 pF 

5.2 pF 
.o.05ma" pF 

2.5 pF 
.o.25ma" pF 

.0 . .015 max pF 

.0 . .0.03 max pF 
.0.6.0.08 max pF 

.0 . .0.01 max pF 
.0.15 max pF 

0 . .025 max' pF 

550 volts 
3.0.0 volts 

125 volts 
366 volts 

16.5 mA 
2.25 watts 
.0.45 watts 

Plate Voltage ................... , .................. . 
Grid_ No.3 ...... · ................................ .. 

2 . .0.0 25.0 volts 
Connected to cathode at socket 

Grid~No.2 Voltage ............................... . 1.0.0 1.00 volts 
Grld·No.l Voltage ........ , .. ' .................... .. -1.5 -2 volts 
MuFactor. Grid NQ.2 to· Grid No.1 .............. _.' 2.0 2.0 
Plate Resistance (Approx.)· ...................... . 
Tt'ansconductanee ...... -......................... .. 

.0.6 1 
450.0 380.0 

Plate Current ......•............................. 11 9 
Gl·id.No.2 Current .•.. : ......... ~ .......... _ ...... . 
Transconduetance. at grl.t:.No.l voltage of -20 volts 

3.S 2.7 
120 200 

MAXIMUM CIRCUIT VALuE 
Grid.No.l·Circuit Resistance ..................................• _ 

Diode Units (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage .................................. .. 
Peak Plate Current ..............•................... ' .........• 
Average Plate Current •.............•.......................... _ 

200 
Ii 

O.S 

megohm 
I'mhos 

'mA 
mA 

I'mhos 

megohms 

volts 
rnA 
mA 

6DE4 
17DE4~ 22DE4 

H.ALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used" as damper tube in horizontal. 
deflection circuits of television receivers. Outlines see­
tion, 13G; requires octal sock;et. Socket terminals 1, 
2, 4, and 6 should not be .used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 17DE.4 and 22DE4 are identical with 
type 6DE4 except for heater ratings. 

~" 
H 

Heater Voltage (ac/dc) ...................... . 
Heater Current· ....... _ ..... , ................. . 
Heater Warm-up Time (A~erage) ............. . 
Direct Interelectrode Capacitances {Approx.): 

60Eol 
6.3 
1.6 

170E4 
17 

.0.6 
11 

Plate to Cathode and' Heater ... , ......................... .. 
Cathode to Plate and Heater ................................• 
Heater to Cathode .......................................•. 

Damper Service 
For operation in a 525-line. SO·frame system 

MAXIMUM RATINGS (Design·Maximum Values) . 
Peak Inverse Plate Voltage;jf ............... , .................. .. 
Peak Plate Current ........................................ ' ... . 
Average Plate Current .........................................• 
Plate Dissipation ....... -....................................... .. 

4CG 

220E4 
22.4 
.0.45 

11 

8.5 
11.5 

4. 

55.00 
1100 

180 
6.5 

volts 
amperes 
seconds 

pF 
pF 
pF' 

volts 
mA 
rnA 

watta 
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Heater-Cathode Voltage: 
Peak value ................... .........•.•.•• +300 -55{)0 volts 
Average value ............................... +100 -900 volts 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA .................. 34 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle {10 microseconds). 

6DE6 
SHARp·CUTOFF PENTODE 4DEII 

Miniature type used in the gain-controlled picture if 
stages of television receivers utilizing an intermediate 
frequency in the order of 40 MHz and as an rf am­
plifier in vhf television tuners. Outlines section, 5C; re­
quires miniature 7-contact socket. Type 4DE6 is iden­
tical with type 6DE6 except for heater ratings. 

Heater Voltage (ac/dc) ........................•• 
Heater Current ..................................• 
Heater Warm-up Time (Average) ................• 
Heater-Cathode Voltage: 

Peak value .................................•. 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ...........................• 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ........................ . 

.. With external shield connected to cathode. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

mEG 
4.2 

0.45 
11 

±200max 
100 max 

Unshielded 
0.025 max 

6.5 

2 

Plate Voltage .........................................•....•••• 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............ . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...........• 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .....................• 
For grid-No.2 voltages between 165 and 330 volts ........... . 

:3 
III 
11. 

30 

~20 

:3 
i 
III 
~ 10 

~ 

o 

CHARACTERISTICS 

TYPE 60E6 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. I--
GRID-No.2 VOLTS"155 I 

/ 
0 !. 

r 
-2 

I 
I -3 

r GRID-No.1 VOLTS ECI" 4 
-5 

-6 
100 200 300 400 

PLATE VOLTS 92CS-8578TI 

Plate Supply Voltage ..•....•.................................. 
Grid No.3 ................... , . .. . . . . . . . . . . . . . . . . . . . . Connected 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) ................................... .. 
Transconductance .......... ........ _ ............................... " " q 

GDEG 
6.3 volts 
0.3 ampere 

seconds 

±200 max volts 
100 max volts 

Shielded" 
0.015 max pF 

6.5 pF 

3 pF 

330 volts 
o volts 

330 volts 
See curve page 96 
o volts 

2.3 watts 

0.55 watt 
See curve page 96 

125 
to cathode 

125 
56 

0.25 
8000 

volts 
at socket 

volts 
ohms 

megohm 
JLmhos 
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Transconductance for grid-No.1 volts of -5.5 and cathode resistor 
of 0 ohms ........................................... ' ...... . 

Plate Current ., .. ;: ............................................ . 
Grid-No.2 Current .... , .......................................•• 
Grid-No.1 Voltage (Approx.) for plate current of 20 p,A .•.•.••••• 

6DE7 
10D£7, 130£7 DUAL TRIODE 

Miniature type used as combined'vertical oscillator and 
v!lrtical-deflection amplifier in television receivers. 
Unit No.1 is used as a blocking oscillator in vertical­
deflection circuits, and unit No.2 is used as a vertical-

700 
15.1i 
, 4.2 
-9 

deflection amplifier. Outlines section, 6E; requires mini- 9HF 

p,mhos 
mA 
mA 

volts 

ature 9-contact socket. For curve of average plate characteristics, Unit 
No.2, refer to type 6DR7. Types 10DE7 and 13DE7 are identical with type 
6DE7 except for heater ratings. 

6DE7 IODE7 13DE7 
Heater Voltage (ac/dc) .................... 6.3 9.7 13 volts 
Heater Current .....................•..•••• 0.9 0.6 0.45 ampere 
Heater Warm-up Time (Average) ......•••• 11 11 seconds 
Heater.Cathode Voltage: 

Peak value ............................ ±200 max ±200 max ±200 max volts 
Average value ......................... 100 max 100 max 100 max volts 

Direct, Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate ................................. 4 8.5 pF 
Grid to Cathode and Heater .................. 2.2 5.5 pF 
Plate to Cathode and Heater .................• 0.52 '1 pF 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage .................................. .. 
Grid Voltage ...................................•. 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ............ A •••••••••••••••••••• 

Plate Current ' ................................... . 
Plate Current for grid voltage of -24 volts ....... . 
Grid Voltage (Approx.) for plate current of 10 p,A 
Grid Voltage (Approx.) for plate current of 50 p,A 

TYPE 60E7 
UNIT NQ.I 

Unit No.1 
250 

-11 
17.5 
8750 
2000 

5.5 

-20 

Unit No.2 
150 

-17.5 
6 

925 
6500 

85 
10 

-44 

~25r--;---+--~--+--;r--+---r--+-~ 
15 
~2ot--t--+ 
C( 

:i 15 
:i 
~ 10 
.J 
0.. 

92CS-II988T 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ..............................• _ 
Peak Positive-Pulse Plate Voltage# .............• _ 
Peak Negative-Pulse Grid Voltage ................•• 
Peak Cathode Current ...................... c ..... " 

Unit No.1 
Oscillator 

330 

-400 
, 77, 

Unit No.2 
Amplifier 

276 
1600 

-250 
175 

volts 
volts 

ohms 
p,mh08 

mA 
mA 

volts 
volts 

volts 
volts 
volts 
mA 
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Average Cathode Cunent ........•............... < 

Plate Dissipation ................................. . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

22 
1.5 

50 
7 

227 

mA 
watts 

For grid-l'esistor bias or cathode-hias operation . 2.2 2.2 megohm .• 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

"'3 ~
G24 5~ 

--­. ---. ---
2 7 BEAM POWER TUBE 6DG6GT 

H H 

1 8 
Ne K 

(;3 

7S 

Glass octal type used as output tube in audio-ampli­
fier applications Outlines section, l3D; requires octal 
socket. This type may be supplied with pin 1 omitted. 

Heater Voltage '(ac/de) ....................................... . 
Heater CUlTent ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Dh'ect Interelectl'Ode Capacitances (Appl·ox.): 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Gl"id No.2, and Grid No.3 ......... . 

Class A, Audio-Frequency Power Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................... . 
Grid-No.2 (Screen-Gl'id) Voltage ............................... . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ............................................... . 
TYPICAL OPERATION 
Plate Supply Voltage ............................ . 
Gdd-No.2 Supply Voltage ....................... . 
Grid-No.1 (Control-Grid) Supply Voltage .........• 
Peak AF Grid-No.1 Voltage .....................• 
Cathode-Bias Resistor ............................ . 
Zero-Signal Plate Current ....................... . 
Maximum-Signal Plate Current .................. ". 
Zero-Signal Grid-No.2 Current ................... . 
Maximum-Signal Grid-No.2 Current .............. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Load . Resistance ................................. . 
Total Harmonic Distortion ....................... .. 
Maximum-Signal Power Output ...................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

110 
110 

-7.5 
7.5 

49 
50 

4 
10 

13000 
SOOO 
2000 

10 
2.1 

For fixed-bias operation .................................•.•. 
For cathode-bias opel'ation ................................. . 

6.3 volts 
1.2 amperes 

±200 max volts 
100 max volt. 

0.6 pF 
15 pF 
10 pF 

200 volts 
125 volts 

10 watt. 
1.25 watt. 

200 volt. 
125 volts 

volt. 
S.5 volt. 

180 ohms 
46 rnA 
47 rnA 

2.2 rnA 
8.5 rnA 

28000 ohms 
8000 pmhos 
4000 ohm. 

10 per cent 
3.8 watts 

0.1 megohm 
0.5 megohm 

6DK6 H~"',,:' ." 
2 7 

K (;3 
1 IS 

(;1 

SHARP-CUTOFF PENTODE 3DK6, 4DK6, 12D)[6 

Miniature type used as if-amplifier tube in color and 
black-and-white television receivers. Outlines section, 
5C; requires miniature 7-contact socket. Types 3DK6, 
4DK6, and l2DK6 are identical with type 6DK6 except 

7CM for heater ratings. 

Heater Voltage (aclde) ......... . 
Heater Current ................ . 
Heater Warm-up Time (Avel'age) 
Heatel'-Cathode Voltage: 

3DK6 
3.15 

0.6 
11 

4DK6 
4.2 

0.45 
11 

6DK6 
6.3 
0.3 

12DK6 
12.6 
0.15 

volts 
ampere 
seconds 

Peak value ................. . { +200 max 
--300 max ±200 max ±200 max ±200 max volt. 

volts Average value .............. . 100 max 100 max 100 max 100 max 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate .... . ...................................• 
Grid No.1 to Cathode, Heater, Gl'id No.2, Grid No.3 and 

Intemal Shield .........................................•. 
Plate to Cathode, Heater, Grid No.2, Grid No.3 ,and 

Internal Shield ........................................... . 

0.025 max 

6.3 

i.9 

pF 

pF 

pF 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................... ' ............................... . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............. . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

CHARACTERISTICS 
Plate Supply Voltage ........ ; ................................. . 
Grid No.3 ...................................... ,..... Connected 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor .......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance ... , .......................................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 p.A ....... . 

TYPE 6DK6 
GRID No.3 AND INTERNAL SHIELD CONNECTED 

TO CATHODE AT SOCKET. 
GRID-No.2 VOLTS'125 

\ (GRID-No.1 IIOLTS ECI'O 

\ I Ib -<1§ 

\IJ, -J 
~ • .:!:~.2.. E~.O 

) ----j --T ----1.5 

k -- ----,r-:1f -0.5 
- _-2.5 -3 -3.5 

o 20D 400 600 
PLATE VOLTS 92CS-985ITI 

6DLS POWER PENTODE 
Miniature type used in audio output applications in 
automobile radios. Outlines section, 5E; requires mini­
ature 9-contact socket. Heater: volts 6.3; amperes 
0.2; maximum heater-cathode volts, ±100. 

Class Ai Amplifier 
MAXIMUM RATINGS (Pes/gn-Maxilrium Values) 
Plate Supply Voltage ........................................... . 
Plate Voltage .......... ',' ...................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage .............................................. . 
Cathode CUrrent ................................................ . 
Plate Dissipation ............................................... . 
Grid-No.2, Input ................................................. . 
TYPICAL OPERATION 
Plate Voltage ..................................... _ 
Grid,No.2 Voltage ................................ . 
RMS AF Grid-No.1 (Control-Grid) Voltage ........ . 
Cathode-Bias Resistor ............................. . 
Plate Current ......... , ............................ . 
Grid-No.2 Current ............•............. ;' ..... . 
Load Resistance ................................... . 
Total Harmonic Distortion ......................... . 
Power Output ..... , .. : ........................... . 
MAXIMUM CIRCUIT VALUE 

200 
200 
4.5 
230 

23 
4.2 

8000 
12 

2.3 

Grid-No.1-Circuit ltesistanJlt!, for c!lt\lode,-bias operation ..•........• 

830 volts 
o volts 

330 volts 
See curve page 96 
o volts 

2.3 watts 

0.55 watt 
See curve page 96 

125-
to cathode 

125 
56 

0.35 
9800 

12 
3.8 

-6.5 

volts 
at socket 

volts 
ohms 

megohm 
I'mhos 

mA 
mA 

volts 

$H4/ 
H3' === e G2 

---
K 2 7 G 
G3 I 

I 

GI 

7DQ 

550 volts 
300 volts 
550 volts 
300 volts 

35 mA 
2.5 watts 

6 watts 

250 volts 
250 volts 

5 volts 
320 ohms 

24 mA 
4.5 mA 

10000 ohms 
12 per cent 

3.0 watts 

2 megohms 
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See chart at end of section. 6DM4 

HALF-WAVE 6DM4A 

~
p VACUUM RECTIFIER UDM4A. lIDM4A 

113 

2 7 
Ie 8 H 

H 
4CG 

Glass octal type used as damper tube in horizontal­
deflection circuits of television receivers. Outlines sec­
tion. 13G; requires octal socket. Socket terminals 1, 2, 
4, and 6 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 12DM4A and 17DM4A are identical 
with type 6DM4A except for heater ratings. 

6DM4A 12DM4A 17DM4A 
Heater Voltage (ac/dc) 
Heater Current 

6.3 12.6 16.8 

Ti;';~' (A~~~":g~)":::::::::::::: 
1.2 0.6 0.45 

Heatel' Warm-up 11 11 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ", .. , .. , ................. , ........ . 
Peak Plate Current " .................... ' .....................• 
Average Plate Current .............................. , .......... . 
Plate Dissipation .. , .................... ',' .....................• 
Heater-Cathode Voltage: 

5000 
1200 

200 
6.5 

volts 
amperes 
seconds 

volts 
mA 
mA 

'Watts 

Peak value .. , ................ " ............. . +300 -5000 volts 
Average value .............................. ,", +100, -900 volts 

# Pulse dUI'ation must not exceed 15')'0 of a horizontal scanning cycle (10 microseconds). 

See chart at end of section. 6DN6 

MEDIUM-MU DUAL TRIODE 6DN1 
Glass octal type used as combined vertical-deflection­
oscillator and vertical-deflection-amplifier tube in tele­
vision receivers. Outlines section. 13B; requires octal 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.9; maxi­
mum heater-cathode volts, ±200 peak, 100 average. 

Class Al Amplifier 
CHARACTERISTICS Unit No.1 
Plate Voltage , ..................... , .... ,........ 250 
Grid Voltage '.,."................................ -8 
Amplification Factor "' .. , .......... "............ 22.5 
Plate Resistance (Approx.) .......................• 9000 
Transconductance ' , ... ' ............ , ' ... , . , . . . . . . . 2500 
Plate Current .......... , .. , ....... , ........... ,.,. 8 
Grid Voltage (Approx.) for plate current of 10 p.A ,. -18 

Unit No.2 
250 

-9.5 
15.4 

2000 
7700 

41 

Grid Voltage (Approx.) for plate current of 50 p.A .. -23 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .. , ......... " .................• 
Peak Positive-Pulse Plate Voltage# .............. . 
Peak Negative-Pulse Grid Voltage ................. . 
Peak Cathode Current "., ........................ . 
Average Cathode Current .........................• 
Plate Dissipation .,", ............. , ..... ',' .....•• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Unit No.1 
Oscillator 

350 

--400 

1 

Unit No.2 
Amplifier 

550 
2500 

-250 
150 

50 
10 

volts 
"olts 

ohms 
p.mhos 

rnA 
volts 
volts 

volts 
volts 
mA 
mA 
mA 

watts 

For fixed-bias operation ...................... . 2.2 2.2 megohms, 
For cathode-bias operation .................. ' ..• 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical SCanning cycle (2.5 milliseconds). 
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6DQ4 HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as damper' tube in horizontal­
deflection circuits of, television receivers. Outlines sec­
tion, 13F; requires octal socket. Socket terminals 1, 
2, 4, and 6 should not be used as, tie paints. Heater: 
volts (ac/dc), 6.3; amperes, 1.2. 

Damper Service 
". For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ............ ; .... ' .................. . 
Peak Plate Current ............ , ... ' ............................ . 
Average Plate Current ......................................... . 
Plate Dissipation .............................................. . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

CHARACTERISTICS, Instantaneous Value 

+300 
+100 

~
p 

'K 3 

2 7 
Ie 8 H 

H 
4CG 

5500 volts 
1000 mA 

175 rnA 
6 watts 

-5500 volts 
-900 volts 

Tuhe Voltage Drop for plate current of 250 rnA ................ 32 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6DQS BEAM POWER TUBE 

Glass octal type used as horizontal-deflection ampli­
fier in color and black-and-white television receivers. 
Outlines section, 21B; requires octal socket. 
Heater Voltage (acldc) ........................................• 
Heater Current ,., .................. ' .............. , ............ . 
Heater-Cathode Voltage: 

Peak value ' ............ , .................................. . 
Average value ............... , ............................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to 'Plate .......... : ............................• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .........• 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ................................. . 
Grid No.2 (Screen-Grid) Voltage .............. . 
Grid No.1 (Control-Grid) Voltage ............. . 
Amplification Factor .......................... . 
Plate Resistance (Approx.) ........... .' ....... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ........................... . 
Grid-No.1 Voltage (Approx:.) for plate mA = 1 . 

• Grid No.2 connected to plate. 

Pentode 
Connection 

70 175 
125 125 

o -25 

5500 
10500 

650· 110 
42* 5 

-55 

~
G2 ~GI 

4 5 

G3 G3 K 3 ___ b K 

2 7 
Ii H 

I 8 
GI I GZ 

8JC 
6.3 
2.5 

±200max 
100 max 

0.5 
23 
11 

Triode­
Connection 

125 

-25 
3.3 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
j£mhos 

mA 
mA 

volts 

* These values can be measured hy a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Ampl ifier 
For operation in a 525-1ine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .... , ......................................... . 
Peak Positive-Pulse Plate Voltage# ................... : ....... . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 (Screen-Grid) Voltage ........................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... . 
Peak Cathode Cjlrrent ... ' ...................................... . 
Average Cathode Current ......... ; ............................• 
Grid-No.2 Input ............................................... . 

990 
6500 

-1100 
190 

-250 
1100 

315 
3.2 

volts 
volts 
volts 
volts 
volts 
mA 
rnA 

watts 
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Plate Dissipation" .............................................• 
Bulb Temperature (At hottest point) ..........................•• 
MAXIMUM CIRCUIT VALUE 

24 
220 

231 

watts 
'C 

Grid-No.I-Circuit Resistance, Fol' grid-resistor-bias operation .... 0.47 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• A bias resistor or othel' means is requh'ed to pl'otect the tube in absence of excitation. 

TYPE 6DQ!5 
GRID-No.2 ~-I 

TYPE 6DQ!5 
GRID-No.1 VOLTS' 0 

~ 
'" ... 
:::Ii 
C 
:; 
...J 
iii .. .. 
;;; 
ti 
...J ,.. 

600 VOl~ ~ til 
I ""+-~I~\'T ECllo- IO 

400 
( c;IIID-~-:;;;- -15 

\I(r' ...-f--- -20 I ........ 1" I 

!~ ~ r--
~ -25 

-30 
If"" - - -- 00 -35 --

o 100 200 300 400 
PLATE VOLTS 92CS-93OST 9ZCS-9511T 

Refer to chart at end of section. 6DQ6A 

6DQ6B 
BEAM POWER TUBE UDQ6B, 17DQ6B 

Glass octal type used as horizontal-deflection-amplifier 
tube in high-efficiency deflection circuits of color and 
black-and-white television receivers. Outlines section, 
20; requires octal socket. This type may be supplied 
with pin 1 omitted. Types 12DQ6B and 17DQ6B are 
identical with type 6DQ6B except for the heater 
ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

6DQ6B 
6.3 
1.2 

12DQ6B 
12.6 

0.6 
11 

17DQ6B 
16.8 volts 
0.45 ampere 

11 seconds 

Peak value ........................... . 
Average value ........................ . 

±200 max 
100 max 

±200max 
100 max 

±200 max volts 
100 max volts 

Direct Intereleet~'ode Capacitances (Approx.) 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and GI'id No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........•• 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Grid-No.2 Voltage ................................ 150 
Grid-No.1 Voltage ................................ 0 
Plate Resistance (ApPl·OX.) ....................... . 
Transconductance ...............................•• 
Plate Current .................................... 345· 
Grid-No.2 Current ..............................•• 27· 
Grid-No.1 Voltage (Approx.) for 

grid-No.2 volts = 150, plate mA = I, 
plate volts = 250 ............................. . 
plate volts = 5000 ........................... . 

Horizontal-Deflection Amplifier 
For operation in B 525-Iine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate-Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ........................... .. 

0.5 pF 
15 pF 

7 pF 

250 
150 

-22.5 
18000 

7300 
65 
1.8 

-42 
-100 

770 
6500 

-1500 

volt. 
volts 
volts 
ohms 

/Lmhos 
mA 
mA 

volts 
volts 

volts 
volts 
volt. 
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DC Grid-No.2 (Screen-Grid) Voltage , .......................... . 
Peak Negative-Pulse Grid-No.1 Voltage ............... ,., .... , .. . 
Peak Cathode Current ........ , ... ".".'., ...... , ..... , .... ' ... . 
Average Cathode Current .... ,', ... ,., .. , ... , .. ,., .. ,., ........ . 
Grid-No.2 Input ....• ,.".,',." .. ,', .. ,"',.,.".,.".,"',., .. 
Plate Dissipation. ",.,',.,',',.,',." .. ,.,"""",.,'" .... , , .. 
Bulb Temperature (At hottest point) .',., .. ,',.,.,',"""',.". 
MAXIMUM CIRCUIT VALUE 

220 
-330 

610 
175 
3.6 
18 

220 

volts 
volts 

mA 
mA 

watts 
watts 

·C 

Gdd-No.I-Circuit Resistance for grid-resistor-bias operation ,.,., 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

6DR7 
lODR7, l3DR7 DUAL TRIODE 

Miniature type containing high-mu and low-mu 
triodes; used as combined vertical-deflection-osciIIator 
and vertical-deflection-amplifier tube in television re­
ceivers. Outlines section, 6E; requires miniature 9-con­
tact socket. Types 10DR7 and 13DR7 are identical with 
type 6DR7 except for heater ratings. 9HF 

GDR7 lODR7 13DR7 
Heater Voltage (acldc) ... ' ........... ,.... 6.3 9.7 13 volts 
Heater Cut'rent .,',", .. ",',',' .. , .... ,.... 0.9 0.6 0.46 ampere 
Heater Warm-up Time (Average) ... ,...... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................ ±200 max ±200 max ±200 max volts 
Average value .... ,., .... ,.,., .. ,...... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No_2 
Grid to Plate ................................ 4.5 8.6 pF 
Grid to Cathode and Heater ., ........ ,....... 2.2 6.6 pF 
Plate to Cathode and Heater ....... , ... ,...... 0.34 1 pF 

Class At Amplifier 
CHARACTERISTICS 
j>late Voltage .. "', .......... , ..... ',.,',." ..... . 
Grid Voltage ,.".,.,.,' .. "' .. ", .. '.,"', .. " .. ' 
Amplification Factor ., .. ,',."'.".,""',.,,.,.,. 
Plate Resistance (Approx.) ,.,.,.,.', ... ,.,.,., .. ' 
Transconductance , ...... , , ......... , .. , , , , ........ 
Plate' Current " .. , .. ,., ...... ,",', .. ,',.",.,",. 
Plate Current for gl'id voltage of -24 volts """,. 
Gdd Voltage (Approx.) fOi' plate current of 10 fl,A 
Grid Voltage (Approx.) for plate current of 50 p.A 

Unit No.1 
260 
-3 

68 
40000 

1600 
1.4 

-5.5 

14 

12 

TYPE SOR7 
UNIT No,l 

~O 

~ 
V 
?' 

140 

1201--+~'-I 

A.,c, 

~ ~<:)~ / :y 

7// 7' 
V V / 

/ 
L 
~ i-'-

/' 
V / V /' 

/ 

~ r--
~ V V /' V k--'" 

V 
,.....,.- ,../ ,(, 

o 100 200 300 400 

'" ll! 100 
ILl 
Q. 

~ 80 

:3 
i 
ILl 
!;;( 
-' Q. 

Unit No.2 
160 

-17.5 
6 

925 
61i00 

35 
10 

-44 

TYPE SOR7 
UNIT No,2 

PLATE VOLTS 92CS-9912T PLATE VOLTS 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plat", Voltage ....... , ..... , .. ,., ... ,"", ... . 
Peak Positive-Pume Plate' Voltage# .", ... ,',., .. . 

330 

Peak Negative-Pulse Grid Voltage •.... ,., .. " ....• -400 

275 
1500 

-250 

volts 
volt. 

ohms 
pmhos 

rnA 
mA 

volts 
volts 

92CS-9913T 

volts 
volts 
volts 
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Peak Cathode Current ............................• 70 
Average Cathode Current ......................... 20 
Plate Dissipation ................................. 1 
MAXIMUM CIRCUIT VALUES 
Gdd-Cit'cuit Resistance: 

For grid-resistance-bias or cathode-bias operation 2.2 

233 

175 mA 
50 mA 

7 wattH 

2.2 megohnls 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

p 

6054 
HIGH-MU TRIODE ZDS4 

Nuvistor type used as grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and-white 
television and FM receivers. Outlines section, 1; re­
quires nuvistor socket. Type 2DS4 is identical with 
type 6DS4 except for heater ratings. 

12AQ 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) .................. . 
Peak Heater-Cathode Voltage ...................... . 
Direct Interelectrode Capacitances (Approx.) 

2DS4 
2.1 

0.45 
8 

±100 max 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, and Shell .......................... . 
Plate to Cathode, Heater, and Shell ......................... . 
Plate to Cathode ........................................... . 
Heater to Cathode .........................................• 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ........................................... . 
Plate Voltage .................................................. . 
Grid Voltage, Negative-bias value ............................... . 
Grid Voltage, Peak positive value ............................... . 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Grid Supply Voltage ........................................... . 
Cathode-Bias Resistor ........................................... . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance ......... , .................................... . 
Plate Current ..................... . ................. . 
Grid Voltage (Approx.) for plate current of 100 !LA ............. . 
Gl"id Voltage (Approx.) for plate current of 10 !LA ............. . 

TYPE 6054 

6DSA 
6.3 volts 

1.35 amperes 
seconds 

±100 max volts 

0.92 pF 
4.3 pll~ 

1.8 pF 
0.18 pF 

1.6 p}l~ 

300' volt. 
135 volt. 

-55 volts 
0 volts 

15 mA 
1.5 watt 

110 volts 
0 volts 

130 ohms 
63 

7000 ohm. 
9000 JLmhos 

6.6 mA 
-5 volt..q 

-6.8 volts 
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TYPICAL OPERATION 
Plate Voltage ............................................•..•• 
Grid Supply Voltage ..................................... : ...... . 
Grid Resistor .................................................. . 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) ...................................... . 
Transconductance ............................................... . 
Plate Current .. . .........................................• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance!. 

7'0 
o 

47000 
68 

5440 
12500 

7 

volts 
volts 
ohms 

ohms 
/Lmhos 

rnA 

For fixed-bias operation ..................................... 0.5 megohm 
For cathode-bias operation ................................... 2.2 megohm 

° A plate supply' voltage of 300 volts may be used provided a sufficiently large resistor is qsed 
in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of operation. 
- For operation at rnetal-shell temperatures up to 12So C.· 

6DSS BEAM POWER TUBE 
Miniature type used in the audio output stages of tele­
vision and radio receivers. Outlines section, 5D; re­
quires miniature 7-contact socket. 
Heater Voltage (acldc) ......................................... . 
Heater Current ................................................. . 
Peak Heater-Cathode Voltage ................ , .................. . 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate .........................................• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ......• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .........•• 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ........................................•....•.•••• 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Grid-No.1 (Control-Gl'id) Voltage, Positive-bias value ...........• 
Plate Dissipation ............................................... . 
Grid-No.2 Input 
Bulb Temperatur~ '(At'h~iie'st: p~i~ti'::::::::::::::::::::::::::::: 

T)'PE 60S5 GRID-No.2 VOLTS-200 
- IOO~-,--~--~---r--~--t--; 9 
~ ;80~-=~~f---+---+---f---i---i 

~r 
(fi ~ 60H--b~'F-:", 
11<:; 
0::/ 
7.:::E40H:_~-

t! 

~ 20~~~~~~mli;1 
o 100 200 300 

PLATE VOLTS 92CS-9292T 

6.3 
0.8 

:t200 max 

0.19 
9.5 
6.3 

275 
275 

0 
9 

2.2 
250 

TYPICAL OPERATION AND 
CHARACTERISTICS 

Cathode-Bias Fixed-Bias 

Plate Supply Voltage ...............• 
Grid-No.2 Supply Voltage ........... . 
Grid-No.1 Voltage .................. . 
Cathode-Bias Resistor ............... . 
Peak AF Grid-No.1 Voltage ......... . 
Zero-Signal Plate Current .......... . 
Maximum-Signal Plate Current ..... . 
Zero-Signal Grid-No.2 Current ...... . 
Maximum-Signal Grid-No.2 Current .. 
Plate Resistance (Approx.) ........•• 
Transconductance .................. . 

Operation 
200 200 
200 260 

180 270 
·7.5 9.2 

34.5 27 
32.5 25 

3.6 3 
9 9 

28000 28000 
6000 6800 

Operation 
200 250 
200 200 

-7.6 -8.5 

7.5 8.5 
35 29 
36 32 

3 3 
9 10 

28000 28000 
6000 1i800 

volts 
ampere 

volts 

pF 
pF 
pF 

volts 
volt. 
volts 

watts 
watt. 

·C 

volts 
volts 

ohms 
volts 

rnA 
mA 
rnA 
rnA 

ohms 
/Lmhos 
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Load Resistance ..................••• 
Total Harmonic Distortion ..........• 
Maximum-Signal Power Output 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Cathode-Bias 
Operation 

6000 8000 
10 10 

2.8 3.6 

Fixed-Bias 
Operation 

6000 8000 
9 10 
3 3.8 

For fixed-bias operation .................................... . 0.1 
1.0 For cathode-bias operation ......................•••.••• a 0 ••• 

H 

235 

ohms 
per cent 

watts 

megohm 
megobm 

60T5 
BEAM POWER TUBE 12DTS 

9HN 

Miniature type used as a vertical-deflection-amplifier 
tube in television receivers employing nO-degree pic­
ture-tube systems. Outlines section, 6E; requires 
miniature 9-contact socket. Type 12DT5 is identical 
with type 6DT5 except for heater ratings. 

GDT5 12DT5 
Heater Voltage (ac/dc) ........................... . 6.3 12.6 volts 
Hea ter Current ................................... . 1.2 0.6 amprees 
Heater Warm-up Time (Average) ................. . 11 seconds 
Heater-Cathode Voltage: 

Peak value ................................... . ±200 max ±200 max volts 
Average value ................................ . 100 max 100 max volts 

CHARACTERISTICS 
Class A, Amplifier 

Plate Voltage ................................ . 60 80 250 volts 
Grid-No.2 Voltage ............................ . 150 250 250 volts 
Grid-No.1 Voltage ............................ . 0 0 -16.5 volts 
Transconductance .............................• 6200 pmbos 
Plate Current ................................. . 95- 195- 44 mA 
Grid-No.2 Current ............................ . 8.5- 19· 1.5 rnA 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 rnA ............................... . -35 volts 
- These values can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 

a recurrent waveform such that the 

Vertica I-Deflection Ampl ifier 
For operation in a 525-line, 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ........... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ......................................•.........• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................. a, •• , •••••••••••••• 

For cathode-bias operation .................................. . 

315 
2200 

285 
-250 

190 
55 

9 
2 

volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

0.5 megohm 
1 megohm 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Refer to chart at end of section. 6DT6 

6DT6A 
H 3 ::: 6 G2 ~

4 sP 

SHARP-CUTOFF PENTODE 3DT6A, 4DT6A 

---
K 2 7 G3 

IS I 
G, 

7EN 

Miniature type used as FM detector in color and black­
and-white television receivers. Outlines section, 5C; 
requires miniature 7-contact socket. Types 3DT6A and 
4DT6A are identical with type 6DT6A except for 
heater ratings. 

3DT6A 4DT6A 6DT6A 
Heater Voltage (aclde) ................... . 3.15 4.2 6.3 volts 
Heater Current ............................ . 0.6 0.45 0.3 ampere 
Heater Warm-up Time (Average) ......... . 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ........................... . ±200 max ±200 max ±200 max volts 
Average value ........................ . 100 max 100 max 100 max volts 
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Direct Interelectrode Capacitances (Approx.)* 
Grid No.1 to Plate .........................................•• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.8, and 

Internal Shield .......................................... . 
Grid No.8 to Plate ..........................•.... , ......... . 
Grid No.1 to Grid No.8 ... , ..............•..... , .........•• 
Grid. No.3 to Cathode, Heater, Grid No.1, Gdd No.2, and 

Internal Shield ,., ..... , ................. , ............... . 

• External shield connected .to cathode. 

Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage .................... , ..................... . 
Grid No.3 (Suppressor Grid) ... , ........................ 'Connected 
Grid-No.2 (Screen-Grid) Supply Voltage ................. , ..... . 
Cathode-Bias Resistor .......... , ...... , ... , ....... , •.... , ..... . 
Plate Resistance (Approx.) ....... ,.' ........ , ........ , ...... ,. 
Transconductance, Grid No.1 to Plate ............... ' .......... . 
Transconductance, Grid No.3 to Plate ............. , ............ . 
Plate Current .,., ..... , ..... ,., .... ' ...... , .... , .. , ... ,', ..... . 
Grid-No.2 Current ., .......... , ........... , .. ", .. "., ......... . 
Grid-No.1 Voltage (Approx.) for plate current of 10 /LA •.•••••• 
Grid-No.3 Voltage (Approx.) for plate current of 10 /LA . ....... . 

FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ... ,., ........................ , ................... . 
Grid-No.3 Voltage ., .. , ........ , ... "., .. ,.,., ...... , .......... . 
Grid-No.2 Supply Voltage , ........... , ....... , ... ~ , ....... , .... . 
Grid-No.2 Voltage ., .............................. ,", .. , ....... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bi.as value ............ . 
Plate Dissipation ., ............ , ...... , ... " ................. , .• 
Grid-No.2 Input: . 

For grid-No.2 voltages up to 165 volts ...... " .............• 
For grid-No.2 voltages between 165 and 330 volts .. : ........• 

MAXIMUM CIRCUIT VALUES-
Grid-No.I-Circuit Resistance: 

For fixed-bias operation ................. , ................. . 
For cathode-bias opel'ation ........... , ................. : ..•• 

6DT8 
lIDT8 HIGH-MU TWIN TRIODE 

Miniature type used in radio and television receiver 
applications and in push-pull rf amplifiers or as fre­
quency converter in FM tuners. Outlines section, 6B; 
requires miniature 9-contact socket. Type 12DT8 is 
identical with type 6DT8 except for the heater ratings. 
Except for heater and heater-cathode ratings, inter­
electrode capacitances, and basing arrangement, these 
types are identical with miniature type 12AT7. 

Heater Voltage (ac/dc) ...•.•....••.•......•....... 
Heater Current ................................... . 
Heater-Cathode Voltage: 

Peak value ................••.................. 
Average value ................................. , 

Direct Interelectrode Capacitances (Approx., Each Unit 
Noted: 

6DT8 
6.3 
0.3 

±200max 
100 max 

Except as 

Grid to Plate ................. , ........... , ................ , .. 
Grid to Cathode, Heater, and Internal Shield ......... ; ...... . 
Plate to Cathode, Heater, and Internal Shield ............... . 
Heater to Cathode ............................. , ... , ....... . 
Cathode to Grid, Heater, and Internal Shield (Unit No.2) ... . 
Plate to Grid, Heater, and Internal Shield (Unit No.2) 

t With external shield connected to grid of unit under te!\t. 
• With external shield connected to ground. 
• With exterllBl shield connected to llathode of unit under test. 

0.02 

5.8 
1.7 
0.1 

6.1 

150 
to cathode 

100 
560 

0.15 
1350 

515 
1.55 

1.8 
-5.2 
--4.2 

pF 

pF 
pF 
pF 

pF 

volts 
at socket 

volts 
obms 

megohm 
/Lmbos 
pmhos 

rnA 
mA 

volts 
volts 

330 volts 
28 volts 

330 volts 
See CUl've page 96 
o volts 

1. 7 watts 

1.1 watts 
See curve page 96 

0.25 
0.5 

12DT8 
12.6 
0.15 

9AJ 

±200 max 
100 lDBX 

1.6· 
2.7· 
1.6· 

3· 
5.3t 
2.8t 

megohm 
megohm 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
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It 

HIGH-MU TRIODE 6DV4 

G 
INDEX = LARGE LUG 
•• SHORT PIN 

2DV4· 

Nuvistor type used at frequencies up to 1000 MHz in 
uhf oscillator stages of color and black-and-white tele­
vision receivers. Outlines section, 1; requires nuvistor 
socket. Type 2DV 4 is identical with type 6DV 4 except 
for heater ratings. 

12EA 

Heater Voltage (acldc) ........................... . 
Heater Curl'ent ................................... . 
Heater Warm-up Time (Average) ................. . 
Peak Heater-Cathode Voltage ..................... . 
Direct Intel'electrode Capacitance (Approx.): 

2DV4 
2.1 

0.45 
8 

±100max 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, and Shell .......................... . 
Plate to Cathode, Heater, and Shell ......................... . 
Plate to Cathode ........................................... . 
Heater to Cathode .......................................... . 
Grid to Cathode ............................................• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ........................................... . 
Plate Voltage ................................................... . 
Gdd Voltage: . 

Negative-bias value ........................................ . 
Peak positive value ........................................ . 

Plate Dissipation .............................................. . 
Cathode Current ............................................... . 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Cathode-Bias Resistor .......................................... . 
Amplification Factor ........................................... . 
Plate ReBistance (Approx.) ..................................... . 
Tl"ansconducta.nce .............................................. . 
Plate Current ................................................. . 
Grid Voltage. (Approx.1 for plate current of 10 p.A ............. . 

TYPE 6DV4 

TYPICAL OPERATION AS OSCILLATOR AT 950 MHz 
Plate Voltage .•...............................................•• 
Grid Voltage ................................................... . 
Grid Resistor .................................................. . 
Plate Current .................................................. . 
Grid Curl'ent ....................... , .......... , ••• , .............. . 

6DV4 
6.3 

0.la5 

±100 max 

1.8 
4.4 
1.9 

0.25 
1.4 
3.1 

300 
125 

-55 
2 
1 

15 

75 
100 

35 
3100 

11500 
10.5 
-7 

60 
-2 

5600 
8 

350 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 

volts 
volts 
watt 
mA 

volts 
ohms 

ohms 
p.mhos 

mA 
volts 

volts 
volts 
ohms 

rnA 
p.A 
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MAXIMUM CIRCUIT VALUES 
Grid-Cireuit Resistance i· 

For fixed-bias operation ...................................•• 
For cathode-bias operation ..................................• 

• For operation at metal-shell temperatul'es up to 135°C. 

6DW4 
6DW4B HALF-WAVE 

VACUUM RECTIFIER 
N ovar types used as damper tubes in horizontal-deflec­
tion circuits of color and black-and-white television 
receivers. Outlines section, llD and 30B, respectively; 
require novar 9-contact socket. Socket terminals 1, 3, 

0.1 
0.2 

6, and 8 should not be used as tie points; it is recom- 9HP 

megohm 
megohm 

mended that socket clips for these pins be removed to reduce the possibility 
of arc-over and to minimize leakage. These tubes, like other power-handling 
tubes, should be adequately ventilated. 
Heater Voltage (ac/dc) ........................................ . 
Heater Current ................ , ............................... , 
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode and Heater ................................ . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode ........................................... . 

Damper Service 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

6.3 
, 1.2 

6.5 
9 

2.8 

volts 
, amperes 

pF 
pF 
pF 

Peak Inverse Plate Voltage# (6DW4) ............................ 5000 volt. 
Peak Inverse Plate Voltage# (6DW4B) ........................... 5500 volts 
Peak Plate Current ...................................•......... 1300 mA 
Average Plate Current .......................................... 250 mA 
Plate Dissipation ............................................... 8.5 watts 
Heater-Cathode Voltage: 

Peak value .................................... +300 -5000 volts 
Average value ................................ +100 -900 volts 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA .................. 25 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle '(10 mieroseconds). 

6DW5 

6DXS 
6DXSI 
ECL84 

See chart at end of section. 

HIGH-MU TRIODE­
SHARP·CUTOFF. PENTODE 

lODX8 P 
lODX8/LCL84 

H 

Miniature type used in color and black-and-white tele- 9HX 
vision-receiver applications. The triode unit is used as' 
a sync-separator, sync-amplifier, keyed-agc, or noise-
suppressor tube. The pentode unit is used as a video-output tube. Outlines 
section, 6E; requires miniature 9-contact socket. Type 10DX8 is identical 
with type 6DX8 except for heater ratings. 

GDX8 10DX8 
6DX8/ECL84 10DX8/LCL84 

Heater Voltage (ac/de) .......... ,................. 6.3 10.2 volt. 
Heater Current .,., .............................. :. 0.72 0.45 ampel'e 
Peak Heater-Cathode Voltage ...................... ±200 max ±200 max volts 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Center ValUes} Triode Unit Pentode Unit 
Plate Supply Voltage .............................. 550 550 volts 
Peak Plate Voltage, with maximum plate current of 

0.1 mA ....................................... 600 volts 
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Plate Voltage ....................................• 
Grid-No.2 (Screen-Grid) Supply Voltage ......... ' .. . 
Grid-No.2 Voltage ................................ . 
Cathode Current .................................. . 
Plate Dissipation ................................. . 
Grid-No.2 Input ........................ ; ......... . 
CHARACTERISTICS Triode Unit 
Plate Voltage ....................... 200 
Grid-No.2 Voltage .................. . 

300 

12 
1 

Pentode Unit 
170 200 
170 200 

Grid No.1 Voltage .................. . -1.7 
65 

-2.1 -2.9 
Amplification Factor ................ . 
Mu-Factor, Grid-No.2 to Grid-No.1 ... . 

239 

300 volts 
550 volts 
300 volts 

40 mA 
4 watts 

1.7 watts 

220 volts 
220 volts 

-3.4 volts 

36 
Plate Resistance (Approx.) ......... . 

36 
0.1 

llOO() 
18 
3 

36 
0.1:\ 

10400 
18 

3 

0.15 megohm 
Transconductance ................... . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
MAXIMUM CIRCUIT VALUES 

4000 
3 

10000 
18 
3 

Grid-No.l- Circuit Resistance: Triode Unit Pentode Unit 

/Lmhos 
rnA 
mA 

For fixed-bias operation ......................•. 1 1 megohm 
For cathode~bia8 operation ........ 3 2 megohms 

• With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

6DZ4 

~
fl4 : MEDIUM-MU TRIODE 2DZ4.3DZ4 

"3 ___ 6 G 

G 2 7 P 

I 
p 

70K 

Miniature type used as a local-oscillator tube in uhf 
color and black-and-white television receivers covering 
the frequency range from 470 to 890 MHz. Outlines 
section, 5B; requires miniature 7-contact socket. For 
curve of average plate characteristics, refer to type 
6AF4A. Types 2DZ4 and 3DZ4 are identical with type 
6DZ4 except for heater ratings. 

Heater Voltage (ac/de) .................... . 
Heater Current .. . ....................... .. 
Heater Wat'm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

2DZ" 
2.35 

0.6 
11 

3DZ4 
3.2 

0.45 
11 

6DZ4 
6.3 volts 

0.225 ampere 
seconds 

Peak va.lue , .......................... ,. ±180 max ±180 max ±50max volts 
Average value ......................... . 100 max 100 max 25 max volts 

Dil'eet Intet'electrode Capacitances (Approx .. ):· 
Gdd to plate ............................................... . 
Grid to Cathode and Heater ................................ . 
Plate to Cathode and Heater ................................• 

• With external shield connected to cathode. 

Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Plate Resistor .................................................. . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
TrsIlsconductance .............................................. . 
Plate Current .................................................. . 
Grid Voltage (Approx.) for plate current of 20 /LA ............... . 

UHF Oscillator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage, Negative-bias value .............................. . 
Grid Current .................................................. .. 
Cathode Current ............................................... . 
Plate Dissipation' .............................................. . 
TYPICAL OPERATION AS OSCILLATOR AT 1000 MHz 
Plate Supply Voltage .......................................... . 
Plate-Circuit Resistance ........................................ . 
Grid Resistor .' ................................................. . 
Plate Current .................................................. . 
Grid Current (Approx.) ......................................•.• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation .................................• 

1.8 
2.2 
1.3 

80 
2700 

14 
2000 
6700 

15 
-11 

135 
-50 

2 
20 

2.3 

135 
2700 

10000 
15.5 
800 

pF 
pF 
pF 

volts 
ohms 

ohms 
/Lmhos 

mA 
volts 

volts 
volts 

rnA 
mA 

watts 

volts 
ohms 
ohms 

mA 
/LA 

Not recommended 
0.5 megohm 
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6DZ7 Refer to chart at end of section. 

6E5 ELECTRON-RAY TUBE 
Glass type used to indicate the effects of a change in a 
controlling voltage. It is used to indicate accurate 
radio-receiver tuning. Outlines section, 13H; requires 
6-contact socket. Heater: volts (ac/dc), 6.3; amperes, 
0.3. For additional considerations, refer to Tuning 
Indication with Electron-Ray Tubes in Electron Tube 
Applications section. 

Tuning Indicator 
MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 
Plate-Supply Voltage ........................................... . 
Target Voltage ................................................. . 

TYPICAL OPERATION 
Plate and Target Supply Voltage ................. . 
Series Triode-Plate Resistor .......................• 
Target Current*t " ............................••• 
Triod.,..Plate Current.* 
Triode-Grid Voltage (Approx.): 

For shadow angle of O· ...........••••.....•••• 
For shadow angle of 90· ......................• 

* For zero triode-grid voltage. 
t Subject to wide variations. 

200 
1 
3 

0.19 

-6.5 
o 

6R 

250 max 
{250 max 

125 min 

250 
1 
4 

0.24 

-B.O 
o 

6E6 
6E7 

Refer to chart at end of section. 

Refer to chart at end of section. 

6EA4 HIGH-MU TRIODE 

volts 
volts 
volts 

volts 
megohm 

mA 
mA 

volts 
volts 

Duodecar type used as low-current, high-voltage beam 
triode as a shunt regulator in the high-voltage power 
supply of color television receivers. Outlines section, 
10D; requires duodecar 12-contact socket. Heater: 
volts (ac/dc), 6.3; amperes, 0.2; maximum heater­
cathode volts; +0, -200. 12FA 

Class A, Amplifi"r 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .................... " ........................... . 
Unregulated DC Supply Voltage ................................ . 
DC Grid Voltage ...............................................• 
Peak Grid Voltage ............................................. . 
Average Plate Current ............ ; ......................•......• 
Plate Dissipation ....................................... " ... " ..... . 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance .........................................• 

60000 
27000 
-135 
-440 

1.6 
30 

3 

6EA5 Refer to chart at end of section. 

6EA7 DUAL TRIODE 
Glass octal type used as a combined vertical-deflec­
tion oscillator and vertical-deflection amplifier in tele­
vision receivers. Outlines section, 13B; requires octal 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.05; maxi­
mum heater-cathode volts, ±200 peak, 100 average. 

volts 
volts 
volts 
volts 

rnA 
watts 

megohms 
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Class A, Amplifier 
CHARACTERISTICS 
PIa,te Voltage ................................. . 
Grid Voltage ., ................................ . 
Amplificotion Factor .......................... . 
Plate Reaistance (Approx.) .................... . 
Transconductance ............................. . 
Plate Current ................................•• 
Grid Voltage (Approx.): 

Unit No.1 
250 
-3 

66 
30000 

2200 
2 

Unit No.2 
69 175 
o -25 

100' 

5.5 
920 

6000 
40 

241 

volts 
volts 

ohms 
pmhos 

rnA 

For plate current of 20 /LA ...............• -5.3 volts 
For plate current of 200 /LA ............... -45 volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .,." .. " .......................•• 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Grid Voltage ................. . 
Peak Cathode Current ............................ . 
Average Cathode Current ......................... . 
Plate Dissipation ., ............................... . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Unit No.1 
Oscillator 

350 

-400 

Unit No.2 
Amplifier 

550 
1500 

-250 
175 

50 
10 

volts 
volts 
volts 

rnA 
rnA 

'Watts 

For grid-resistor-bias operation ................. 1 1 megohm 
For cathode-bias operation ............. 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

" 6EA8 MEDIUM-MU TRIODE-
-.--"7 KPi~3P SHARP-CUTOFF PENTODE SEA8, 9EA8, 19EA8 

Miniature type used as combined oscillator and mixel' 
in color and black-and-white television receivers utiliz­
ing an intermediate frequency in the order of 40 MHz. 
Outlines section, 6B; requires miniature 9-contact 
socket. Types 5EA8, 9EA8, and 19EA8 are identical 
with type 6EA8 except for heater ratings. 9AE 

Heater Voltage (ac/dc) ............. . 
Heater Current .. " .................. . 
Heater Warm-up Time (Avera,ge) .... . 
Heater-Cathode Voltage: 

Peak value ..................... . 
Average value .................. . 

Direct Jnterelectrode Capacitances: 
Triode Unit: 

SEAS 
4.7 
0.6 
11 

6EAS 
6.3 

0.45 
11 

9EAS 
9.5 

0.15 
11 

19EAS 
18.9 
0.15 

11 

±200 max ±200 max ±200 max ±200 max 
100 max 100 max 100 max 100 max 

Unshielded Shielded 

volts 
ampere 
seconds 

volts 
volts 

Grid to Plate ....... ,.,........................ pF 1.7 1.7 
Grid to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield "...... pF 3 3.2 
Plate to Cathode, Heater, Pentode Cathode. 

Pentode Grid No.3, and Internal Shield ...... pF 1.4 1.9 
Cathode to Heater............................. pF 3 s" 

Pentode Unit: 
Grid No.1 to Plate .......................... pF 0.02 max 0.01 max 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3. and Internal Shield .............. pF 
Plate to Cathode, Heater. Grid No.2, Grid No.3, 

and Internal Shield ......................... 2.6 3.4 pF 

5 5 

Heater to Cathode ............................. 3 3" JlF 

• With external shield connected to cathode of unit nnder test except as noted. 
" With external shield connected to ground. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 330 '330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage... ........• 330 volts 
Grid-No.2 Voltage ............... ,................. See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 



'" 
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Plate Dissipation ................................. . 
Grid-NO:2 Input: ' 

For grid-No.2 voltages up ~ 165 volts .. '.' ..... . 
For grid-No.2 voltages between 166 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ....•...... ' ..................• 
Grid-No.2 Voltage ................................. . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ; ................. : .......... . 
Antplification Factor .............................. . 
Plate Resistance (Approx.) ...................... .. 

~J::cC~~:~ri~~ .. :: : :: : : : : : : :: : : : : : : : : : : : : : : : : : : : : 
Grid-No.2 Current ....................... : ........ . 
Grid-No.1 Voltage for plate current of 10 /LA, ....... . 

TYPE 6EA8 
TRIODE UNIT 

2.5 3.1 

0.66 
See curve page 96 

150 125 
126 
-1 

56 -
40 

5000 200000 
8600 6400 

18 12 
4 

-12 -9 

TYPE 6EAS 
GRID-No.2 VOLTS'125 

watts 

watt 

volts 
volts 
volt 

ohms 

ohms 
/Lmhos 

mA 
rnA 

volts 

~ 501---1---1---1---1-
~ 
~ 401--1--1---1- 0 

/..- -0.5 :J 
~ 301---1---1-- 5 r GRID-NoJ VOt..;rs ,CI-I f...-

Ib 
5 201--I--1-."L.--I.<~of-AI-+~(!Ia..-I -1.5 

K c;;I( 1q~ ~ 
101--I-.,L.j,,£..,A::+~:,...j::~¥A~ -I - -3 - - -- ~3 

2 - ~4 - - 6 
o ~o 200 300 400 

92CS-9866T1 PLATE VOLTS 92CS-9'67TI 

6EB8 HIGH-MU TRIODE­
SHARP·CUTOFF PENTODE 

Miniature type used in color and black-and-white tele­
vision receiver applications. Pentode unit is used as 
video output amplifier; triode unit is used in sync­
separator, sync-clipper, and phase-inverter circuits. 
Outlines section, 6E; requires miniature 9-contact 
socket. Type 8EB8 is identical with type 6EB8 except 
for heater ratings. 

Heater Voltage (ac/dc) ............................ . 
Heater Current ........ ' ........................... . 
Heater Warm-up 'I'ime (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ................................• 

Direct Interelectrode Capacitances: 
Triode Unit: 

6EBS 
6.3 

0.75 

±200max 
100 max 

Grid to Plate ......... , .................................... '. 
Grid to Cathode and Heater ................................. . 
Plate to Cathode and Heater ................................ . 

Pentode Unit: 
Grid No.1 to Plate ......................... , ...... ' ... , ..... . 
Grid No.1 to Cathode. Heater. Gdd No.2. Grid No.3. and 

Internal Shield .......... , ........... ,., .................. . 
Plate to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield ........................................... . 
Triode Grid to Pentode Plate ....................... : ....... ; .. 
Pentode Grid No.1 to Triode Plate ........................... .. 
Pentode Plate to Triode Plate ............................... oo 

Class Ai Amplifier 

SEBS 
8 

0.6 
11 

9DX 

±200 max 
100 max 

4.4 
2.4 

0;36 

O.lmax 

it 

4.2 
0.018 max 
0.005 max 

0.17 max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

Plate Voltage .. oooooooo. ,oooo..................... 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage............ 330 volts 
Grid-No.2 Voltage ......... ,., ..... '.".'." .. "". See curve page 96 
Gdd-No.1 (Control-Grid) Voltage. Positive-bias value 0 0 volts 
Plate Dissipation .................................. 1 6 watts 
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Grid-No.2 Input: 
For grid-No.2 voltages up to 165 volts ......... . 1.1 watts 
For gl"id-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
See CUl'Ve page 96 

Plate Supply Voltage.............................. 260 
Grid-No.2 Supply Voltage.: ....................... . 
Grid Voltage .....................................• -2 
Cathode-Bias Resistor ............................ . 
Amplification Factor .............................. 100 
Plate Resistance (Approx.) ........................ 37000 
Transconductance .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2700 
Plate Current .................... . . . . . . . . . . . . . . . . . . 2 
Grid-No.2 Current ................................ . 
Grid Voltage (Approx.) for plate current of 20 /LA .. -5 
Grid-No.1 Voltage (Approx.) fOl' plate current of 

100/LA .......................................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... 0.5 
For cathode-bias operation .................. .. 1.0 

TYPE 6EB8 
PENTODE UNIT 
GRID-No. 2 VOLTS -125 

Ib 
I 

~Noll/O\..TS ECloO 
GRIO-

\JI".-
H;C2 

/J, GRID-Nol VOLTS Ec,=O 

lE- Ib ~--;z- - 1--

-I 

-2 

-3 

I~ 

l!l25 
a:: 
w 
~20 
<! 

:3 5 
iii 

~ 10 
..J 
Q. 5 

TYPE 6ESS 
TRIODE UNIT 

...... 

200 
125 

68 

75000 
12600 

25 
7 

-9 

0.26 
1.0 

~:? "'~ 
~~ #,Q 

~Vl-'" 
Eciz-5 
I V !-'LVt:-- L--

o 100 200 300 400 o 100 200 300 
PLATE VOLTS 92CS-9906T PLATE VOLTS 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
rnA 

volts 

volts 

megohm 
megohm 

V 

V-
~ I-
~ ~ 

400 
92CS-9907T' 

6EH5 
POWER PENTODE 12£B5, 29B5, 50EBS 

Miniature type used in the audio output stage of 
radio and television receivers and in phonographs. 
Outlines section, 5D; requires miniature 7-contact 
socket. Types 12EH5, 25EH5, and 50EH5 are identical 
with type 6EH5 except for heater ratings. 

Heater Voltage (ac/dc) .........• 
Heater Current ................ . 
Heater Warm-up Time (Average) . 
Heater-Cathode Voltage: 

IIER5 
6.3 
1.2 

12ER5 
12.6 
0.6 
11 

25ER5 
26 

0.3 

SOERS 
50 

0.16 
volt. 

amperes 
seconds 

Peak value ................ . ±200 max {+200 max ±200 max ±200 max -300 max volts 
volts Average value .............. 100 max 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .....• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ..........• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (at hottest point) ............................ . 
TYPICAL OPERATION . 
Plate Supply Voltage ...........................................• 
Grid-No.2 Supply Voltage .......................................• 
Cathode-Bias R"Sistor .................................•.......•• 

0.65 
17 

9 

150 
130 
5.5 

2 
220 

110 
115 

62 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

·C 

volts 
volts 
ohms 
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Peak AF Grid-No.1 Voltage ...••••••••..........................• 
Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Load Resistance ............................... : ............... . 
Total Harmonic Distortion ...................................... . 
Maximum-Signal Power Output ..............................•••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

II 
42 
42 

11.5 
14,.5 

11000 
14600 

3000 
7 

1.4 

For fixed-bias operation ..........................•........... 0.1 
FOl' cathode-bias operation .................................... 0.5 

Push-Pull Class AB, Audio~Frequency Power Amplifier 
MAXIMUM RATINGS (Same as for Class Al audio-frequency power amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ...........................................• 
Grid-No.2 Supply Voltage .......................................• 
Cathode-Bias Resistor ........................................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current ............... , ............. . 
Effective Load Resistance (Plate-to-plate) ....................... . 
Total Harmonic Distortion ...................................... . 
Maximum-Signal Power Output ................................ .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ........•....•.......................• 
For cathode-bias operation ..................................• 

TYPE 6EH5 
GRID-NO.2 VOLTS-1I5 

0 
".- 0.1, S ~ .-1 \ I Ib GRIO-No.1 VOLT ;;;..-. 

" If' r- ~ 
0 

~ -3 P\ ~\ 
-41--

o l~. I-- ~~ ECI"O 

6EH7 
6EH71 
EF183 
3EB7. 4EB7 

1/-2 ~ 
Or 

j 
=-6 [2::4 - -7 - - -6 

o 20 40 60 80 100 120 140 160 
PLATE VOLTS 92CS-9625T 

SEMIREMOTE-CUTOFF 
. PENTODE 

Miniature types used as if-amplifier tubes in color and 

140 
120 

68 
9.4 
47 
51 
11 

17.7 
6000 

5 
3.8 

K 

black-and-white television receivers. Outlines section, 9AQ 

volts 
mA 
mA 
mA 
mA 

ohms 
/Lmhos 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
volts 
ohms 
volts 

rnA 
mA 
rnA 
mA 

ohms 
per cent 

watts 

megohm 
mea:ohm 

6C; requIre miniature 9-contact socket. Types 3EH7 and 4EH7 are identical 
with types 6EH7 and 6EH7lEF183 except for heater ratings. 

Heater Voltage (ae/de) .................•... 
Heater Current ............................. . 
Peak Heater-Cathode VO.ltage ••••••••••••••• 

3EH7 
3.4 
0.6 

±150 max 

6EH7 
4EH7 6EH7/EF183 

4.4 6.3 
0.45 0.3 

±150 max ±150 max 

volts 
ampere 

volts 
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Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................••.•• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and' 

Internal Shield ..........................................•. 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ..........................................•• 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ..........................................•• 
Plate Voltage .......................................•..........• 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............. . 
Grid-No.2 (Screen-Gri';) Supply Voltage ......................... . 
Grid-No.2 Voltage .............................................. . 
Cathode Current ..............................................•• 
Plate Dissipation ...............................................• 
Grid-No.2 Input ................................................ .. 
CHARACTERISTICS 

0.005 max 

9 

:I 

550 
250 

o 
550 
250 

20 
2.5 

0.65 

245 

pF 

pF 

pF 

volts 
volts 
volts 
volts 
volts 

rnA 
watts 
watt 

Plate Voltage ................................................... 200 volts 
Grid No.3 ................................................. Connected to cathode at soelcet 
Grid-No.2 Voltage ............................................... 90 volts 
Grid-No.1 Voltage ............................................... -2 volts 
Plate Resistance (Approx.) ...................................... 0.5 megohm 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12500 I'mhos 
Plate Current ................................................... 12 mA 
Grid-No.2 Current ............................................... 4.5 mA 
TYPICAL OPERATION 
Plate Voltage ....................... . 
Grid No.3 .......................... . 
Grid-No.2 Supply Voltage ........... . 
Grid-No.2 Series Resistor ........... . 
Grid-No.1 Voltage .................. . 
Transconductance .................••• 
RMS Grid-NO.1 Voltage, for 

cross-modulation factor of 0.01 ....• 
MAXIMUM CIRCUIT VALUE 

200 200 200 200 
Connected to cathode at socket 

200 200 200 200 
22000 22000 22000 22000 
-19.5 -9.5 -6.5 -2 

125 625 1250 12500 

450 160 100 

Grid-No.1-Circuit Resistance ....................... .' .....••••••.•• 

See chart at end of section. 

Refer to chart at end of section. 

6EH8 

6EJ1 

volts 

volts 
ohms 
volts 

pmhos 

mV 

megohm 

H SHARP·CUTOFF PENTODE 
6EJ7! 
EF184 

9AQ 

3EJ7,4EJ7 

Miniature types used as if-amplifier tubes in color and 
black-and-white television receivers. Outlines section, 
6C; require miniature 9-contact socket. Types 3EJ7 
and 4EJ7 are identical with type 6EJ7/EF184 except 
for heater ratings. 

3EJ7 4EJ7 
3.4 4.4 
0.6 0.45 

Heater Voltage (acldc) .................... . 
Heater Current ............................ . 
Peak Heater·Cathode Voltage .............. . ±150 max ±150 'max 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield' ..........................................•• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ......................................•.•.•• 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ......................................... . 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage .......................• 
Grid-No.2 Voltage ............................................. . 
Cathode Current ..............................................• 
Plate Dissipation .............................................. .. 
Grid-No.2 Input .....•......•.•....•.•.......•..•.......•...• _ ... . 

6EJ7/EF184 
6.3 volts 
0.3 ampere 

±150 max volts 

0.005 max pF 

10 pF 

S pF 

550 volts 
250 volts 
550 volts 
260 volts 

25 rnA 
2.5 watts 
0.9 watt 
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CHARACTERISTICS 
Plate Voltage ..........•........................•. 
Grid No.3 ............•............................ 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ................................ . 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

6EMS 

190 200 volts 
Connected to cathode at socket 

190 200 ' volts 
-2.35 -2.5 volts 

0.35 0.35 megohm 
15000 15000 pmhos 

10 10 mA 
4.1 4.1 mA 

1 megohm 

H 

8EM5 ,BEAM POWER TUBE 
Miniature type used as vertical-deflection amplifier in 
television receivers utilizing picture tubes having di­
agonal deflection angles of 110 degrees. Outlines sec­
tion, 6G; requires miniature 9-contact socket. Type 
8EM5 is identical with type 6EM5 except for heater 
ratings. 

Heater Voltage (acldc) .........................• 
Heater Current .. ,', ... , ......................... . 
Heater Warm-up Time (Average) ............... . 
Heater-Cathode Voltage: 

6EM5 
6.3 
0.8 

8EMS 
8.4 
0.6 
11 

9HN 

Peak value ...............................•.• ±200 max ±200 max 
Average value ............................... . 100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ........... , ., ..................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Mu Factor, Grid No.1 to Grid No.2 ............... . 
Plate Resistance ................................. . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

0.2 rnA ..................................... . 

60 
250 

o 

180-
30· 

0.7 max 
10 

5.1 

250 
250 

-18 
8.7 

0.05 
5100 

40 
3 

-37 

volts 
ampere 
seconds 

volts 
volts 

Pl" 
pF 
pF 

volts 
volts 
volts 

megohm 
pmhos 

mA 
rnA 

volts 

- These values can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

TYPE 6EM5 TYPE 6EM5 
~ITH EC2 AS VARIABLE 

o RID-No.1 VOLTS = 0 

I 
0 250 

GRID-No.2 VOLTS'250 

1 
Ir r 

200 

0 
,'- 150 

o r I. 
GRID-No.2 VOLTS ECl'" 100 

I 50 
5 

GRID No! VOLTS EC =::! 
, I-

10 1\ Ib 

r ~ -15 

'-I' [';: .. CI·e.... -20 -~- - I'---+-CO 

o 50 100 150 200 250 300 350 o 50 100 150 200 250 300 350 
PLATE VOLTS 92CS-9672T PLATE VOLTS 92CS-979'rTi 
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Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ....... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ..................................... . 
Plate Dissipation ............................................. :. 
Grid-No.2 Input ............................................... . 
Bulb Temperature (at hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance ................................... . 

315 
2200· 

285 
-250 

210 
60 
10 

1.5 
250 

2.2 

247 

volts 
volts 
volts 
\1oIts 

mA 
mA 

,~'atts 
watts 

'C 

megohms 

# Pulse duration must not exceed 15% of a vel·tical scanning cycle (2.5 milliseconds). 
• Under no circumstances should this absolute value be exceeded. 

6EM7 
DUAL TRIODE lOEM7, 13EM7 

Glass octal type used as combined vertical-deflection 
amplifier and vertical-deflection oscillator in color and 
black-and-white television receivers. Outlines section, 

BBD 13A; requires octal socket. For curve of average plate 
characteristics, Unit No.1, refer to type 6DR7 (Unit No.1). Types 10EM7 
and 13EM7 are identical with type 6EM7 except for heater ratings. 

Heater Voltage (acldc) .................. .. 
Heater Current ...........................• 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

6EM7 
6.3 

,0.925 

10EM7 
9.7 
0.6 
11 

13EM7 
13 

0.45 
11 

volt. 
ampere 
seconds 

Peak value ...........................• ±200 max ±200 max ±200 max volts 
volts Average value ........................ . 100 max 100 max 100 max 

Direct Interelectrode Capacitances (App"ox.): 
Grid to Plate ..............................•• 
Grid to Cathode and Heater ................. . 
Plate to Cathode and Heater ................. . 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage .' ............ ' .................... . 
Grid Voltage ......... , ..................... , .... . 
Amplification Factor ' .. " ........... , ........ , ... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ' .. , ..... ,., .. , .. , .... ,., ........... . 
Plate Current, for plate voltage of 60 volts and 

zero grid voltage ... , ....... ' ... ',.,., ....... . 
Plate Current, for grid voltage of -,28 volts ..... . 
Grid Voltage (Approx.): 

Unit No.1 Unit No.2 
4.8 10 
2.2 7 
0.6 1.8 

Unit No.1 
250 
-3 

64 
40000 

1600 
1.4 

Unit No.2 
150 

-20 
5.4 
750 

7200 
50 

10 
95 

For plate current of 10 }LA ... '. . . . . . . . . . . . . . . . • -5.5 
For plate current of 100 }LA ,................. -45 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ....... ", .... , ....... , ........• 
Peak Positive-Pulse Plate Voltage# ......... ' .... . 
Peak Negative-Pulse Grid Voltage .. , ............ . 
Peak Cathode Current ., .......................... . 
Average Cathode Current ............... , ......... . 
Plate Dissipation .... ' ............ ', ............. . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For grid-resistor-bias operation ............. . 
For cathode-bias operation ...... ' ............ . 

Unit No.1 Unit No.2 
Oscillator Amplifier 

330 330 

-400 
77 
22 

1.5 

1500 
-250 

175 
50 
10 

Unit No.1 Unit No.2 
2.2 2.2 
2.2 2.2 

pF 
pF 
pF 

volts 
volts 

ohms 
p.rnhos 

rnA 

rnA 
rnA 

volts 
volts 

volts 
volts 
volts 

rnA 
mA 

watts 

megohms 
megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
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TYPE 6EM7 
UNIT No.2 

t~~-r~~4--4--+--+--+--+-; 

400 
112CS-I0466T 

6EQ7 
UEQ7 

DIODE-­
REMOTE-CUTOFF PENTODE 

Miniature type used as combined if amplifier and AM 
detector in AM and AM/FM radio receivers. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
12EQ7 is identical with type 6EQ7 except for heater 
ratings. 

Heater Voltage (ac/dc~ .................... , ...... . 
Heater Current .................................. . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Pentode Unit: 

6EQ7 
6.3 
0.3 

±200max 
100 max 

Grid No.1 to Plate ......................................•• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.S, and 

Internal Shield ..........................................• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Pentode Grid No.1 to Diode Plate ........................... . 
Pentode Plate to Diode Plate ................................ . 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressor-Gridj Voltage: 

Positive value ............................................. . 
Negative value ............................................. . 

Grid-No.2 (Screen-Grid) Supply Voltage ..................... " .. . 
Grid-No.2 Voltage ............ . .............................. . 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Negative-bias value ........................................ . 

Plate Dissipation .............................................. . 
Grid-No.3 Input ............................................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ....................... . 
For grid-No.2 voltages between 150 and 300 volts ........... . 

Bulb Temperature (At hottest point) ........................... . 
CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid No.3 .............................................. Connected 
Internal Shield ......................................... Connected 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Supply Voltage ..................................... . 
Grid-No.1 Resistor (Bypassed) ................................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance ... ...................... , .................... . 
Plate Current .............................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for transconductance of 40 ttmhos .. 

H 

9LQ 
12EQ7 

12.6 volts 
0.15 ampere 

±200 max volts 
10C) max volts 

0.002 max pF 

5.5 pF 

5 pF 
0.0015 max pF 

0.095 pF 

300 volts 

300 volts 
-SOO volts 

300 volt. 
See curve page 96 

o 
-50 

3 
0.2 

volts 
volts 

watts 
watt 

0.6 watt 
See curve page 96 

150 ·C 

100 
to cathode 
to cathode 

100 
o 

2.2 
0.25 
3800 

9 
3.5 

-20 

volts 
at socket 
at socket 

volts 
volts 

megohms 
megohm 

ttmhos 
mA 
mA 

volts 



TECHNICAL DATA 

Diode Unit 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate CUl'l'ent .................................... _ . ___ .... ____ _ 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 2 mA ....... _ ...... ___ _ 

12 

-N 
'-' 10 !:! 

'" d ., 
8 z .... 

' ''' e .... 
"'''-<!>:Ii 6 ",", 
0:::; 
--' t!2 4 

.... 
!c( 2 -' 
"-

~ J 1'-01 I 1 
TYPE 6EQ7 

I-- GRID No.3 AND INTERNAL SHIELD 
CONNECTED TO CATHODE AT SOCKET. 

GRID-No.2 VOLTS =100 

V- GRJ~:.I IVOLJ E;12 -t--- '-

k: IC2 _ECI=O -3 

K :£-.;! ~ 
-2 :jg 

-20 
o 100 200 300 400 500 

PLATE VOLTS 8iCS-I06S0n 

249 

1 mA 

10 volts 

*H4 sP 6ERS 
H 'S 

3 b HIGH-MU TRIODE lERS,3ERS 

G 2 7K 

, 
K 

7FP 

Miniature type with frame grid used in vhf tuners of 
color and black-and-white television receivers. Outlines 
section, 5C; requires miniature 7-contact socket. Types 
2ER5 and 3ER5 are identical with type 6ER5 except 
for heater ratings. 

2ERS 3ERS GER5 
Heater Voltage (ac/de) ......... __ .. _ . - _ .. . 2.3 2.8 6.3 volt" 
Heater Current ...................... - .. - . - . 0.6 0.45 0.18 ampere 
Peak Heater-Cathode Voltage ........... - .. ±100 max ±100 max ±100 max volts 
Direct Intel'electt'ode Capacitances: Unshielded Shielded· 

Grid to Plate ............................... . 0.38 0.36 
Grid to Cathode, Heater, and Internal Shield .. 
Plate to Cathode, Heater, and Internal Shield .. 

4.4 4.4 
3 4 

Grid to Heater .. _ . . . . . . _ ............. _ . __ . _ 0.28 max 0.28 max 
Plate to Cathode ......................... _ .. . 0.24 0.2·' 
Cathode to Grid ............................. . 3.1 3.1A 
Heater to Cathode ........................... . 2.5 2.5. 

o With external shield connected to cathode except as noted. 
A With external shield connected to ground. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .......................................... . 
Grid Voltage, Negative-bias value ........................ _ 
Cathode Current ........... , ............................ . 
Plate Dissipation ...................................... _ 
CHARACTERISTICS 
Plate Voltage ......................................... . 
Grid Voltage ......................................... _ 
Amplification Factor .................................. _ ....... . 
Plate Resistance (Approx.) .............................. __ .... . 
Transconductance .............................................. . 
Plate Current ............................................ ___ .. . 
Grid Voltage (Approx.) for transconductance of 500 /Lmhos ..... . 
Grid Voltage (Approx.) for transconductance of 100 /Lmhos . _ . __ _ 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance 

250 
-50 

20 
2.2 

200 
-1.2 

80 
8000 

10500 
10 

-3.8 
-5.6 

1 

pF 
pF 
pF 
pF 
pF 
pF 
pF 

volt" 
volts 
rnA 

watt::i 

volt, 
volts 

ohms 
JLmhos 

rnA 
volt. 
volts 

megohm 
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6ESS HIGH-MU TRIODE 
Miniature type used as grounded-cathode rf amplifier 
in vhf television receivers. Outlines section, 5C; re­
quires miniature 7-contact socket. 

*H4 sP 

H 3 ___ (, IS 

G2 7 

I 

7FP 
Heater Voltage (acldc) ........................................ 6.3 
Heater Current ................................................. 0.2 
Peak Heater-Cathode Voltage .................................. ±100 max 
Direct Interelectrode Capacitances-: Unshielded Shielded 

Grid to Plate ...............................• 0.5 max 0.5 max 
Grid to Cathode, Heater, and Internal Shield .. 3.2 3.2 
Plate to Cathode, Heater, and Internal Shield .. 3.2 4 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................. _ ...............................•• 
Grid Voltage, Positive-bias value ............................... . 
Cathode Current ............................................... . 
Plate Dissipation ....................................•..........• 
CHARACTERISTICS 
Plate Voltage ................................................. .. 
Grid Voltage ..................................................• 
Amplification Factor .................... : ...................... .. 
Plate Resistance (Approx.) ................................... ~ . 
Transconductance .............................................. . 
Plate Current .................................................• 
Grid Voltage (Approx.) for plate current of 100 p.A .•... ' ...•• ' •• 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance 

6ESS 
6ESSI 

ECC1S9 
4ES8 

VARIABLE-MU TWIN TRIODE 

Miniature type used as cascode-type amplifier in tuners 
of television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. Type 4ES8 is identical with 
types 6ES8 and 6ES8/ECC189 except for heater 
ratings. 

Heater Voltage (ac/dc) ........................ .. 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................ . 
Direct Interelectrode Capacitances: 

Grid to Plate (Each Unit) ................... . 

'ES8 , 
0.6 
11 

Unshielded 
1.9 

0.18 
3 

250 
o 

22 
2.2 

200 
-1 

75 
8000 
9000 

10 
-6 

1 

H 

9AJ 

6ESS 
6ES8/ECC189 

6.3 
0.365 

Shielded' 
1.9 

0.17 Plate to Cathode (Each Unit) ...............• 
Heater to Cathode (Each Unit) .............• 
Plate of Unit No.2 to Plate of Unit No.1 ... . 
Plate of Unit No.2 to Grid of Unit No.1 ... . 
Grid of Unit No.1 to Cathode of Unit No.2 .. . 

0.04 max 
0.003 max 
0.002 max 

3A 
0.015 max 
0.003 max 
0.002 max 

• With external shield connected to cathode of unit under test except as noted. 
A With external shield connected to ground. 

Class Al Amplifier (Each Unit) 
CHARACTERISTICS 
Plate Voltage ............................... . 
Gtid Voltage ................................. . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................ . 
Plate Current .............................. u. 

90 
-1.2 
2500 

12500 
15 

90 
-5 

626 

90 
-9 

125 

volts 
ampere 

volts 

pF 
pF 
pF 

volts 
volts 

mA 
watts 

volts 
volt 

ohms 
pmhos 

mA 
volts 

megohm 

volts 
ampere 
seconds 

pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
ohms 

pmbos 
mA 



TECHNICAL DATA 

Cascode-Type Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage with plate current of 0 mA ............. _. 
Plate Voltage (Each unit) ..................................... . 
Grid Voltage, Negative-bias value (Each unit) ................. . 
Cathode Current (Each unit) ................................. . 
Plate Dissipation (Each unit) ................................. . 
Heater-Cathode Voltage: 
Unit No.1:' 

RMS voltage between cathode and heatel" .................• 
Unit No.2:' 

RMS voltage between cathode and heater' .................• 
DC voltage between cathode and heater' ...................• 

TYPICAL OPERATION in a cascade-type circuit. 
Supply Voltage ................................................ . 
Plate Current ................................................. . 
Transconductance .............................................. . 
Noise Figure* ................................................. . 
Grid Voltage (Approx.) for transconductance of 125 pmhos ... . 
Input Voltage for cross-modulation factor of 0.01 and 

transconductance of 125 pmhos ...........................• 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance (Each unit) .................•.....•..•• 

'Grounded-cathode input unit-pins 6, 7, and 8. 
o Grounded-grid output unit-pins I, 2, and 3 . 
• Cathode positive with respect to heater . 
• With grid of output unit connected to a voltage divide •• 
• Measured with tube operating in a television tuner. 

H 

TWIN DIODE­
SHARP-CUTOFF PENTODE 

251 

550 volts 
130 volts 

-50 volts 
22 mA 

1.8 watts 

50 volts 

50 volts 
130 volts 

180 volts 
15 mA 

12500 pmhos 
6.5 dB 
-9 volts 

500 mV 

1 megohm 

6ET7 
8E'f7 

I 

KOI a 02 . 
1501 a 02 

9LT 

Miniature type used in television receiver applications. 
The pentode unit is used as a video amplifier and the, 
diodes are used as a horizontal phase inverter. Out­
lines section, 6E; requires miniature 9-contact socket. 
Type 8ET7 is identical with type 6ET7 except for 
heater ratings: 

6ET7 
Heater Voltage (acldc) ..........................• 6.3 
Heater Current .................................. . 0.75 
Heater Warm-up Time (Average) ...... , ..........• 
Heater-Cathode Voltage: 

Peak value .................................. . ±200 max 
Average value ............................... . 100 max 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................• 
Grid-No.2 Voltage .............................................• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation ..............................................• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

CHARACTERISTICS 
Plate Supply Voltage ............................. 60 
Grid-No.2 Supply Voltage ................ ,....... 150 
Grid-No.1 Voltage ................................. 0 
Cathode-Bias Resistor .... , ....................... . 
Plate Resistance (Approx.) .......... , ........... . 
Transconductance ....... , . , .... ", .................• 
Plate Current ..................................... 55-
Grid-No.2 Current ............................... • 18' 
Grid-No.1 Voltage (Approx.) for plate current of 

100 pA .... , ................................. . 

8ET7 
8 volts 

0.6 ampere 
11 seconds 

±200 max volts 
100 max volts 

330 volts 
330 volts 

See curve page 96 
o volts 
5 watts 

1.1 watts 
See curve page 96 

200 volts 
150 volts 

volts 
100 ohms 

60000 ohms 
11500 pmhos 

25 rnA 
5.5 mA 

-10 volts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-Qias operation .....•...•...•....• '.' .• , .•.•• '. • .. • • • • 0.1 megohm 
For cathod"';bias operation .................... ,............. 0.25 megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Diode Units (Each Unit) 
MAXIMUM RATINGS (Design·Maximum Values) 
Average Plate Current ........................... ~ ........•••••• 
CHARACTERISTICS, Instantaneous Value ' , 
Tube Voltage Drop for plate current of 1.5 rnA ................. . 

6EU7 HIGH-MU TWIN TRIODE 
Miniature type used in high-gain, resistance-coupled, 
low-level audio-amplifier applications where low-hum 
and non-microphonic characteristics are important, 
such as microphone amplifiers and pre-amplifiers for 
phonographs. Outlines section, 6B; requires miniature 
9-contact socket. For typical operation as a resistance­
coupled amplifier, refer to Resistance-Coupled Ampli­
fier section. 
Heater Voltage (ac/dc) ...................................... .. 
Heater Current .""' .........................................•. 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value .............................................. . 

Direct Interelectrode Capacitances (Each Unit, Approx.): 
Grid to Plate ........ , ........ ,., ..• ' .. ,:, .... , ............. . 
Grid to Cathode and Heater ...............................• 
Plate to Cathode and Heater ...............................• 

Equivalent Noise and Hum Voltage (Referenced to Grid, 
Each Unit): 

Average Value •........................................... 

3 

10 

6.3 
0.3 

9LS 

±200 max 
100 max 

1.5 
1.6 
0.2 

rnA 

volts 

volt. 
ampere 

volts 
volts 

pF 
pF 
pF 

1.8 microvolts rms 
* Measured in "true rms" units under the following conditions: Heater volts (ac), 6.3; 
center-tap of heater transformer grounded; plate supply volts, 250; plate load resistor, 
100000 ohms; cathode resistor, 2700 ohms; cathode bypass capacitor, 100 p.F; grid resistor, 
o ohms; amplifier frequency range, 25 to 10000 Hz. 

Class Al Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ............. , ........ , ............ , ............. .. 
Grid Voltage: 

Negative-bias value .......................................• 
Positive-bias value ............................... ' ......... .. 

Plate Dissipation ...... , ...................... , .............. " ..• 

I 
TYPE 6EU7 
EACH UNIT 

~ 41---+--1-­
,:I 5 3,1---1---', 

Sacs-104701' 

330 

-55 
o 

1.2 

volts 

volts 
watts 
watts 



TECHNICAL DATA 

CHARACTERISTICS 
Plate Voltage ...................................•• 
Grid Voltage .................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ _ 
Plate Current ................................... . 

100 
-1 
100 

80000 
1250 

0.5 

250 
-2 
100 

62500 
1600 

1.2 

253 

volts 
volts 

ohms 
",mhos 

mA 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

6EU8 
sims 

8 1Ip,G3p,1SMiniature type used as combined triode oscillator and 
""';;:=~'.I.'I:-" pentode mixer in television receivers. Outlines section, 

G2p 6B; requires miniature 9-contact socket. Type 5EU8 
9JF is identical with type 6EU8 except for heater ratings. 

Heater Voltage (ae/de) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ....................... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .......• 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Cathode Warm-up Time- .........................• 
Grid-No.1 Voltage (Approx.) for plate current of 

10 /LA .............•..•.•••.•.•••..•.•......•• 
MAXIMUM CIRCUIT VALUE 

5EUS 6EUS 
4.7 6.3 volts 
0.6 0.45 ampere 
11 11 seconds 

::!:200max ::!:200 max volts 
100 max 100 max volts 

Triode Unit Pentode Unit 
330 330 volts 

330 volts 
See curve page 96 

0 0 volts 
3 3.1 watts 

0.55 watt 
See curve page 96 

150 12. volts 
125 volts 
-1 volt 

56 ohms 
40 

5000 80000 ohms 
8500 6400 ",mhos 

18 12 mA 
4 mA 

35 seconds 

-12 -9 volts 

Grid-No.1-Circuit Resistance ...................... 0.1 0.1 megohm 

• The cathode warm-up time is defined as the time required for the transconductance to 
reach 6500 ",mhos when the tube is operated from a cold start with de plate volts = 100, 
grid volts ::::: 0, and heater volts = 5.5. 

3 & 

6EVS 
H*H4 sP G2 
~ 2 I 1 I~ SHARP-CUTOFF TETRODE 

Miniature type used as rf amplifier in vhf tuners of 
5C; requires GI television receivers. Outlines section, 

7EW miniature 7-contact socket. 
Heater Voltage (ae/de) .....................................•••• 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value .......... a.: ............................ ~. ~ ............ ~ eo 

6.3 
0.2 

::!:100max 
1i0rnax 

volts 
ampere 

volts 
volts 
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Direct Interelectrode Capacitances:A 
Grid No.1 to Plate ................................... , ...... . 
Grid No.1 to Cathode, Heater, Grid No.2, ,and Internal Shield .. 
Plate to Cathode, Heater, Grid No.2, and Internal Shield .• 

A With external shield 'connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................• 
Gdd-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Cathode Current ............................ , .................. . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts .......................• 
For gdd-No.2 voltages between 90 and 180 volts ........... . 

CHARACTERISTICS 
Plate Voltage ................................................... . 
Grid-No.2 Voltage .... , ........................................ . 
Grid-No.1 Voltage ............................................. . 
Plate Resistance (Approx.) .............. 0 •••••••••••••••••••••• 

Transconductance ............................ ,! •••••••••••••• ' •••• 

Plate Current ............................... , ................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for transconductance of 100 /t'mhos .. 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance .................................... . 

0.035 max 
4.5 
2.9 

pF 
pF 
pF 

275 volts 
180 volts 

See curve page 96 
o volts 

20 mA 
3.25 watt'S 

0.2 watt 
See curve page 96 

250 volts 
80 volts 

-1 volt 
0.15 megohm 
88jJO /trnhos 
11,5 rnA 
0.9 rnA 

-4.5 volts 

0.5 megohm 

6EV7 See chart at end of section. 

6EW6 
4EW6, SEW6 SHARP-CUTOFF PENTODE 

Miniature type used in the gain-controlled picture-if 
stages of vhf color and black-and-white television re­
ceivers operating at an interemediate frequency in the 
order of 40 MHz. Outlines section, 5C; requires minia­
ture 7-contact socket. Types 4EW6 and 5EW6 are iden­
tical with type 6EW6 except for heater ratings. 

~
H P 

-4 !I 

H 3 ::: 6 G2 

2 7 
K Ga 

I IS 

GI 

7CM 
4EW6 SEW6 6EW6 

Heater Voltage (ac/dc) .................... 4.2 5.6 6.3 volts 
Heater CUl'rent ..... , ... ,................... 0.6 0.45 0.4 ampere 
Heater Warm-up Time (Average) .......... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................ :t200 max :t200 max :t200 max volts 
Average value .......................... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded· 
Grid No.1 to Plate .......................... 0.04 max 0.03 max pF 
Grid No.1 to Cathode, Heater, Grid ·No.2, 

Grid No.3, and Internal Shield ............ 10 10 pF 
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield .............. 2.4 3.4 pF 

* With external shield connected to cathode. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Ma)C:imum Values) 
Plate Voltage .................................................. . 330 volts 
Grid No.3 (Suppressor-Grid) Voltage, Positive value ............ . o volts 
Grid-No.2 (Screen-Gdd) Supply Voltage .................... ' ... . 330 volts 
Grid-No.2 Voltage ............................................. . 
Gdd-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation ............................................... . 

See curve page' 96 
o volts 

3.1 watt. 
Grid-No .. 2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

0.65 watt 
See curve page 96 

CHARACTERISTICS 
Plate Supply Voltage ......................................... . 125 volts 
Grid No.3 ............................................. Connected to cathode at socket 
Gdd-No.2 Supply Voltage ...................................... . 125 volts 
Cathode-Bias Resistor ......•.•..•..••.•.•...•••••...........•••• 66 ohms 



TECHNICAL DATA 

Plate Resistance (Approx.) ..•••••..••••.••••••.•••••.•.••••••••• 
Transconductance ...........................................•..• 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 fJ-A ........ . 

.. 
~:3 25 ,II: 
OIAI 
iE (i 20 
<!IS 

15:: 15 

?i 
10 

~ 
-' 5 
Q. 

o 

TYPE GEW6 
GRID No. 3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRID-No.2 VOLTS =125 

r--I-li, I I I I I 

GRID -No.1 VOLTS ECI'O I 
\ -0:5 

-0.75 
ECI=-I_ 

t .... - 271'-- ~-,-'.9':.; .LI•5 _IC Ib 

.~ .. +- .-~.-2 -2 

100 200 300 400 
PLATE VOLTS 92CS-99j;5T1 

0.2 
14000 

11 
3.2 

-3.5 

255 

megohm 
JLmhos 

rnA 
rnA 

volts 

DUAL TRIODE 6EW7 

9HF 

N eonoval type used as combined vertical-deflection 
oscillator and vertical-deflector amplifier in television 
receivers. Outlines section, 10C; requires neonoval 9-
contact socket. For curve of average plate characteris­
tics, Unit No.1, refer to type 6DE7 (Unit No.1). 

Heater Voltage (acldc) ....................................... . 
Heater Current ................................................• 
Heater-Cathode Voltage: 

·Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate ...............................• 4.2 
Grid to Cathode and Heater .................. 2.2 
Plate to Cathode and Heater .................. 0.4 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ..................................... . 
Amplification Factor .............................• 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Plate Current for plate voltage of 60 volts and zero 

grid voltage ................................. . 
Plate Current for grid voltage of -25 volts ....... . 

Unit No.1 
250 

-11 
17.5 
8750 
2000 

5.5 

Grid Voltage (Approx.) for plate current of 10 p.A .. -20 

6.3 
0.9 

±200 max 
100 max 

Unit No.2 
9 
7 

1.2 

Unit No.2 
150 

-17.5 
6 

800 
7500 

45 

95 
8 

Grid Voltage (Approx.) for plate current of 100 fJ-A . -40 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 
Unit No.1 
Oscillator 

330 DC Plate Voltage ...............................•• 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Grid Voltage ...............• 
Peak Cathode Current ............................• 
Average Cathode Current .......................•• 
Plate Dissipation ..............................••• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit ReSistance: 

For cathode-bias operation .........•......•••• 
For. grid-resistor-bias operation ............... . 

-400 
77 
22 

1.5 

2.2 
2.2 

Unit No.2 
Amplifier 

330 
1500 

-250 
175 

50 
10 

'2.2 
2.2 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
JLmhos 

rnA 

rnA 
rnA 

volts 
volts 

volts 
volts 
volts 

rnA 
rnA 

watts 

megohms 
megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
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400 
92CS-IIII1T 

6EX6 See chart at end of 

6EY6 See chart at end of 

6EZ5 See chart at end of 

6EZ8 
l!lEZ8 HIGH-MU TRIPLE TRIODE 

Miniature type used in oscillator-mixer and afcservice 
in FM receivers. Outlines section, 6B; requires minia­
ture 9-contact socket. Type 19EZ8 is identical with 
type 6EZ8 except for heater ratings. 

section. 

section. 

section. 

6EZ8 19EZ8 
Heater Voltage (ac/dc) ............................ 6.3 18.9 
Heater Current .................................... 0.45 0.15 

9KA 

Peak Heater-Cathode Voltage ................................... ±100 max 

Class Al Amplifier (Each Unit Unless Otherwise Specified) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ......................................... : ........ . 
Grid Voltage: 

Negative-bias value .........................................• 
Positive-bias value ......................................... . 

Plate Dissipation ................................................ . 
Total Plate Dissipation (All plates) ............................ .. 
CHARACTERISTICS 
Plate Voltage ..............................................•.... 
Grid Voltage ...................................................• 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Grid Voltage (Approx.) for plate current of 20 p.A .............. . 

330 

-50 
o 
2 
5 

125 
1 

57 
13600 
4200 

4.2 
-4 

6F5 
6F5Gr 

See chart at end of section. 

Refer to chart at end of section. 

6F6 POWER PENTODE 
Metal type used in the audio output stage of ac re­
ceivers. Outlines section, 2B; requires octal socket. This 
tube, like other power-handling tubes, should be ade­
quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
0.7; maximum heater-cathode volts, 90 peak. 

volts 
ampere 

volts 

volts 

volis 
volts 

watts 
watts 

volts 
volt 

ohms 
p.mhos 

mA 
volts 
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Class A, Amplifier 

MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ........................ . 

Pentode 
Connection 

37r. 
G,·in-No.2 I Screen-Grid) Voltage ................. . 
Plate Dissipation .............................. . 
Gl·id-No.2 Input ........................... . 
TYPICAL OPERATION 
Plate Voltao;e ........................ . 250 
Grid ... No.2 VoltaR'e ............................ . 21;0 
Grid-No.1 (Control-Grill) Voltage ............. . -16.5 
Peak AF Grid-No.1 Voltage ................... . 16.5 
Zero .. Signal Plate Current ..................... . 34 
M~ximum-Si~naI Plate Current ., ............. . 36 
Zero-Signal Grid-No.2 Current ... . ........... . 6.5 
Maximum-Signal Grid-No.2 Current ........... . 10.5 
Amplifioation Factor .......................... . 
Plate Resistance (Approx.) ................... . 80000 
Tl'an~conductance ............... . 2500 
Loacl Resistance ...................... . 7000 
Total Harmonic Distortion ................... . 8 
Maximum-Signal Power Output ............... . 3.2 

• Grid No.2 connected to plate. 

28~ 
11 

3.75 

285 
285 

-20 
20 
38 
40 

7 
13 

78000 
2550 
7000 

9 
4.8 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for class Al amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage .................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage ............................................. . 
Peak AF Grid-No.1-to-Grid-No.l Voltage ....................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ........... ; .................... . 
Zero-Signal Grid-No.2 Current ................................ . 
Maximum-Signal Grid-No.2 Current ............................ . 
Effective Load Resistance (Plate-to-plate) ..................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ................................ . 
MAXIMUM CIRCUIT VALUES 
Grid~No.l Circuit Resistance: 

For fixed-bias opel'ation ................................... . 
For cathode-bias operation 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

QIODE-SHARP-CUTOFF, 
TWIN-PLATE TETRODE 

Triode 
Connection" 

350 

10 

250 

-20 
20 
31 
34 

6.8 
2600 
2600 
4000 

6.5 
0.85 

315 
285 

-24 
48 
62 
80 
12 

19.5 
10000 

4 
11 

0.1 
0.5 

257 

volts 
volts 

watts 
watts 

volts 
volts 
volta 
volts 

mA 
rnA 
mA 
mA 

ohms 
JLmhos 

ohms 
per cent 

watts 

volt. 
voit. 
volts 
volt. 

rnA 
mA 
rnA 
rnA 

ohm. 
per cent 

watts 

me!<ohrn 
. megohm 

6F6G 

6F6GT 

6F7 

'6F8G 

6FA7 
a G2.TR M' . t t .. d' t 1 .. . d Ima ure ype . use In e eVISlOn receIvers an in fre-

9MR 

quency-divider and complex-wave generator circuits of 
electronic musical instruments. Outlines section, 6E; 
requires miniature 9-contact socket. 

Heatel' Voltage (aclde) ........................................ . 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ........................ ', .................... . 

Direct Intel'electrode Capacitances: 
Tetrode Unit: 

Grid No.1 to Plate A ...................................... . 
Grid No.1 to Plate B ..................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Internal Shield 
Plate A to Cathode, Heater, Grid No.2, and Internal Shield .. 
Plate B to Cathode, Heater, Grid No.2, and Internal Shield .• 

6.3 volts 
0.3 ampere 

±200 max volts 
100 max volts 

0.040 pF 
0.030 max pF 

5.5 pF 
1.8 pF 
1.8 pF 
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Tetrode Grid No.1 to Diode Plate ........................... . 
Tetl'ode Plate A to Diode Plate ............................... . 
Tetrode Plate B to Diode Plate ...............................• 

Class A. Amplifier 
CHARACTERISTICS (Tetrode Unit) 

Plate A and Plate B eonnected to .... ther 
Plate Voltage ................................................... . 
Grid-No.2 Voltage ...............•.............................• 
Grid-No.1 Supply Voltage ......•........ , ..................... . 
Grid-No.1 Resistor (Bypassed) ................................. . 
Plate Resistance (Approx.) .................................. .. 
Transconductance .............................................. . 
Plate Current .................................................. . 
Grid-No.2 Current .......................................•.•.... 
Grid-No.1 Voltage (Approx.) for plate current of 20 /LA ..••..•..• 

0.022 
0.020 max 
0.055 

" 100 
100 

o 
2.2 

90000 
3200 

3.8 
1.7 
~ 

Usin .. either Plate A or B, with unuBed plate .. rounded 
Plate Voltage' ....................................... :.......... 100 
Grid-No.2 Voltage .............................................. 100 
Grid-No.1. Supply Voltage ...................................... 0 
Grid-No.1 Resistor (Bypassed) ........ . . . . . . . . . . . . . . . . . . . . . . . . . . 2.2 
Plate Resistance (Approx.) ..................................... 130000 
Transconductance '" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1900 
Plate Current ................•................................. 2.2 
Grid-No.2 Current .............................................• 3 

Frequency Divider and Complex-Wave Generator 
Tetrode Unit 

MAXIMUM RATINGS (Design-Maximum Values) 

pI" 
pF 
pF 

volts 
volts 
volts 

megohms 
ohms 

/Lmhos 
mA 
rnA 

volts 

volts 
volts 
volts 

megohms 
ohms 

/Lmhos 
mA 
mA 

Plate-A Voltage ................................................ . 330 volts 
Plate-B Voltage ............................................... . 
Grid-No.2 (Screen~Grid) Supply Voltage ..........•...........•• 
Grid-No.2 Voltage ............................................ .. 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value .........•........•.................•.•• 
Positive-bias value ......................................... . 

Plate-A Dissipation ............................................ .. 
Plate-B Dissipation ............................................ . 
Grid-No.2 Jnput: 

For .. rhl-No.2 voltap:es up to 165 volts .....................• 
For p:rid-No.2 volta .. "" between 165 and 330 volts ...........• 

MAXIMUM CIRCUIT VALUE " 
Grid-No.1-Circuit Resistance, for grid..No.1-resistor-bias operation 

Diode Unit 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current ...................................•••..••..•.••••• 
CHARACTERISTICS •. Instantaneous V;;Ilue " .. 
Tube Voltage Drop fOl' plate CUl'rent of 2 mA .................. . 

TYPE 6FA7 
GRID-No.2 VOLTS-100 
PLATE A CONjECT1ED TO PLATE B "". I I 

~D-~" V6LTS EC\-O .. 
... .q 

",-
0.5 ~ 

~'- - -I 'I-/.. '0 -1.5 
~ ~ 

.." - -:.~ 2.5:: 
-0.5 

·T ECI';~ 

o 100 200 300 400 
PLATE VOLTS 92CS-1069~T 

830 volts 
330 volts 

See curve page 96 

-50 
o 

1.5 
1.5 

volts 
volts 

watts 
watts 

0.65 watt 
See curve page 96 

2.2 megohms 

1 mA 

10 volts 
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6FD7 
DUAL TRIODE 13FD? 

9HF 

Glass type containing high-mu and low-mu triode units 
used as combined vertical-deflection oscillator and ver­
tical-deflection amplifier in television receivers. Out­
lines section, lOB; requires miniature 9-contact socket. 
Type l3FD7 is identical with type 6FD7 except for 
heater ratings. 

6FD7 13FD7 
Heater Voltage (ac/dc) ......•...••...•.••.•••.•• 6.3 13 
Heater Current .................................. . 0.925 0.45 

11 Heater Warm-up Time (Average) ...•.•.•.•........ 
Heater-Cathode Voltage: ±200max ±200max 

Peak value .................................. . 100 max 100 max 
Average value ............................... . 

Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate ...............................•. 4.5 
Grid to Cathode and Heater .................. . 2.2 
Plate to Cathode and Heater ................. . 0.4 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................ .. 
Grid Voltage ................................. . 

Unit No.1 
250 
-3 

Amplification Factor .......................... . 
Plate Resistance (Approx.) ...................• 
Transconductance ............................. . 
Plate Current ................................• 
Grid Voltage (Approx.): 

For plate current I)f 10 p.A .............. .. 
For plate current of 100 p.A ..............• 

Transconductance, For plate current of 1 rnA ...• 
Plate Current. For grid voltage of -25 volts .... 

64 
40000 
1600 

1.5 

-5.5 

10 
6.5 
0.2 

Unit No.2 
60 150 
o -17.5 

6 
800 

7500 
95. 40 

-40 
500 

6 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
itmhos 

mA 

volts 
volts 

I'mhos 
mA 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 52.-line. 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 
Unit No.1 
Oscillator 

330 DC Plate Voltage .............................•••• 
Peak Positive-Pulse Plate Voltage# ............•••• 
Peak Negative-Pulse Grid Voltage ............... . 
Peak Cathode Current ............................• 
Average Cathode Current ........................ . 
Plate Dissipation ................................• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

-400 
70 
20 

1.5 

Unit No.2 
Amplilier 

330 
1500 

-250 
175 

50 
10 

volts 
volts 
volts 

mA 
mA 

watts 

For grid-resistor-bias or cathode-bias operation . 2.2 2.2 megohms 
# Pulse duration must not exceed 150/0 of a vertical scanning cycle (2.5 milliseconds). 

H 

Refer to chart at end of ,section. 

Refer to chart at end' of section. 

SHARP-CUTOFF PENTODE 
MEDIUM-MU TRIODE-

6fE5 

6fG6 

6FG7 
SFG? 

Miniature type used as combined, oscillator and mixer 
tube in vhf color and black-and-white television re­
ceivers. Outlines s~tion, 6B; requires miniature 9-con­
tact socket. Type 5FG7 is identical with type 6FG7 ex-
cept for heater ratings. ' 9GF 

Heater Voltage (ac/dc) .. , ...•.•.. , ............... . 
Heater Current .................................. . 
Heater Warm-up Time (Ave"age) •••••••••••••.•..• 

5FG7 
4.7 
0.6 
11 

6FG7 
6.3 

0.45 
11 

volts 
ampere 
seconds 
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Heater-Cathode Voltage: 
Peak vallie .................................. . 
AVl!rage value ....... ' ......... , ....•........• , 

Dil'ect Interelectrode Capacitances:' 
.Tmiode Unit: ' . 

,Grid to Plate· .................... : ..... .-.....• 
Grid to Cathode, Pentode Grid No.3, and Heater 
Plate to Cathode, Pentode Grid No.3, and 'Heater 

Pentode Unit: .' '. . 
Grid No.1 to Platt!- .......... : ............... '; • 
Gr,id No.1 to 9athode, Grid No.3, Grid No.2; 

and. Heater .... : .............. : .. ' ........... . 
Plate to Cathode, Grid No.3, Grid No.2, .• 

and Heater ........ : ...................... ' . .- .. 
Heater to Cathode, ,and Pentode Grid No.3 ...... . 

• With, e.xternal shield connected to cathode except as 
• WIth external shield connected to grout\d. 

±200 max ±200 max 
100 max 100 max 

'.1.8 . 1.8 
3 3 

1.3 1.9 

0.02 m~x 0.01 max 

.55 

2.4' 3.4 
6 6. 

noted • 

Class A1 Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage............ - 330 
Grid-No.2 Voltage ..................•............. .See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation .................................... 2.5 3 
Grid-No.2 Input: . . . " 

For grid-No.2 voltages up to 165 volts ... ~ .. :'. 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS . 

Plate' Voltag~ ..........••...................... 
Grid-No.2 Voltage ............................. . 
Grid-No.1 Voltag.e ............................. . 
Amplification Factor .... : ............... ; .... . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................ .. 
Plate Current ...... , ......................... : : . 
Grid-No.2 Current. . .......................... . 
Grid-No.1 Voltage (Approx.) for plate curreIjt 

of 30 p.A ..................... : ......... : .. . 

Triode Unit 
125' 

-1 
43 

5700 
7500 

.. 13 

-':6.5 

. See curve page 96 
0.55 

Pentode Unit 
100 125 
100 125 

o -1 

- 180000 
7400 6000 

11 
4 

-7.5 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volts 

ohms 
p.mhos 

mA 
mA 

volts 

6FH5, 
HIGH-MU, TRIODE 2F115, 3F115 

Miniature type used as an rf amplifier in vhf tuners of 
color and black-and-white television receivers. Outlines 
section, 5C; requires 7-contactsocket. Types 2FH5 and 
3FH5 are identical with type 6FH5 except for heater 

*
~ 51i. 

H·3 · 6.111 

G2' t 

!' 

ratings,·' . 9GF 
2FH53FB5 6FH5 

Heate,.. Voltage (ac/de) .... : .....••. :;: ..•• '2"35 3 6.3 volts 
Heater Current ........................... :~ :0.6 0.45 0.2 ampere 
Heater Warm-up Time (Average) ......... '. 11.1l seconds 
Peak 'Heater~athode Voltage ......... ; ....... . ±10(J:niax±100max ±100 max volts 
Direct Interelectrode Capacitances (Approx.): Unshielded Shielded. 

Grid to Plate ......... : ....... ." ...... .' > ........ . 0.52 0.52 
. Grid to Cathode, Heater, and Internal Shield:.". 

•. Plate to Oathode, Heater, and Internal Shield ."'. 
. ;3.2 3.2 
'3;2 4 

o .' • Class A1 Amplifi~r 
. MAXIMOMRATINGS (Design-Maximum Val~sj" 

Plate Voltage ................... : ......... ' ............ , .•.. ;' .. :;. 
Grid Voltage, .Positive-bias value ....•.. " ................. ,' ......• 
Cathode Current ............... ~ .................... ' .......... ': .. 
Plate Dissipation, ....................... ; ...... ." .. ·, ....... · ... : ... ·. 
CHARACTERISTICS '. ' 
Plate Voltage .... : .... ; ..... : .............. : ..... ,; ......... ::'; ... 
Grid: V-oltage .; ............. : ....................... : ...... ' ..... . 
Plate 'Resistance (Approx.) •.•. .-,' ........... .-; •.• ' .•. : .....•....... 

. Transconductance ,.: .................. .' .................... '" .; .. ;; . 
Plate Current .; ........................... " .. ; ...................... . 
Grill Voltage (Approx.) for 1Ilate current of 1.110 ji;A ••••• :: ••• : •• : . 
MAxIMUMCIRCUJT VALUE' " ..., .: . .". 
~~~:U:it c RlisiQtI\l!ce, .]for <,\lllthQae~i@B }I~tlon~ ..... ~;~~ •• ~ ~. 

150 
o 

22 
2.2 

ian 
-'-1 

M()O 
9000 

11 
-5.5 

1 

pF 
pF 
pF 

volts 
volts, 
mA' 

watts 

vol~s 
volts 
ohms 

p.mhOs 
mA 

volts 

m.esohm 
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TYPE 6FH5 
30·~-r~.--ttc~~J--;--t--t--t--1 
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MEDIUM-MU TRIODE­
THREE-PLATE TETRODE 6FH8 

8 PIATR Miniature type used in complex-wave generator appli-
..... --~ cations and in television receiver applications. Sharp­

cutoff tetrode unit has pair of additional plates. Out-
9KP lines section, 6B; requires 9-contact socket. 

Heater Voltage (ac/dc) .......................................• 
Heater Current ................................................ . 
Direct Interelectrode Capacitances:· 

Triode Unit: 
Grid to Plate ...........................................••• 
Grid to Cathode and. Heater ................................• 
Plate to Cathode and Heater .............................•.• 

Tetrode Unit: 
Grid No.1 to Plate No.2 ...................................• 
Grid No.1 to Cathode, Heater, Grid No.2, Plate No.lA, and 

Plate No.IB ............................................. . 
Plate No.2 to Cathode, Heater, Grid No.2, Plate No.lA, and 

Plate No.lB ... ;' .............................. ' ........... . 
Tetrode Grid No.1 to Triode Plate ........................... . 
Tetrode Plate No.2 to Triode Plate ... , ....................... . 

• With external shield connected to cathode. 

Class A.. Amplifier 
CHARACTERISTICS Triode Unit 

6.3 
0.4.5 

1.4 
2.6 

1 

0.06 max 

4.5 

1.4 
0.85 max 

0.008 max 

Plate Voltage ............ ; ... , ....... ,.......................... 100 
Grid Voltage ...............................................•.• -1 
Amplification Factor ................... , ........ ,............... 40 

'. Plate Resistance (Approx.) ............... :..................... 7400 
Transconductance .. ... : ... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5400 
Plate Current ."."".,," .'. " " . " .... " :" .. " . " .. " " " " . " 7.9 
Grid Voltage (Approx.) for plate current of 100 p.A ............. -7 

volts 
ampere 

pF 
pF 
pF 

pF 

pF 

pF 
pF 

volt. 
volt 

ohms 
JLmhos 

mA 
volts 

Tetrode Unit with Plates No.lA and No.1B Connected to Cathode at Socket 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate-No.2 Voltage ............................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage ............................................. . 
Plate-No.2 Resistance (Approx.) ............. , ................. , 
Transconductance, Grid No.1 to Plate No.2 .................... . 
Plate-No.2 Current ............................ , ............... . 
Grid-No.2 Current ............................................ . 
Grid-No.1 Voltage (Approx.) for plate-No.2 current of 100 p.A .. 

. Complex-Wave Generator 

250 
250 
-·2 

0.75 
4400 

7.3 
1.4 
...,.7 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Tetrode Unit 
Plate Voltage ...... " .... "" ... """ ... " ... ,,.. 275 
Plate-No.lA Voltage ....•.....•. " ........ : ....... . 
Plate-No.lB Voltage ..... , ....................... . 
Plate-No.2 Voltage .................. " .... ".' ...... . 

200 
200 
275 

volt. 
volts 
volt.s 

megohm 
.p.mhos 

rnA 
mA 

volts 

volts 
volt. 
volts 
vults 
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Grid-No.2 (Screen-Grid) Supply Voltage ..•.•.•..•. 
Triode Unit Tetrode Unit 

275 
See curve page 96 Grid-No.2 Voltage ...... . ..... '., .................• 

Grid-No.1 (Control-Grid) Voltage: 
Negative-bias value ........................•.• 
Positive-bias value ...........................• 

-4.0 -4.0 
o 0 

Plate Dissipation ................................ . 
Plate-No.IA Dissipation .......................... . 
Plate-No.IB Dissipation ......................... 0'. 
Plate-No.2 Dissipation ................. : ..........• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts ....... . 

1.7 
0.3 
0.3 
2.3 

0.4.5 
Fro grid-No.2 voltages between 137.5 and 275 volts See curve page 96 

TYPICAL OPERATION WITH SEPARATE PLATE OPERATION 
Plates-No.lA. No.lB •. and No.2 Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage .............................................. . 
Plate-No.IA Current ........................................ , .. 
Plate-No.lB Current .......................................... . 
Plate-No.2 Current ............................................ . 
Grid-No.2 Current ............................................. . 
Transconductance (Approx.): . 

Grid No.1 to Plate No.IA ... : ............................. . 
Grid No.1 to Plate No.lB ................................. ; 
Grid No.1 to Plate No.2 .............................. , ..... . 

Tetrode Unit 
100 

60 
-1 

0.04. 
0.04 

1.6 
0.3 

70 
70 

2600 

MAXIMUM CIRCUIT VALUES Triode Unit Tetrode Unit 

volts 

volts 
volts 

watts 
watt 
watt 

watts 

watt 

volts 
volt. 
volts 

mA 
rnA 
rnA 
mA 

...mhos 
... mhos 
· ... mhos 

Grid-No.1-Circuit Resistance. for fixed-bias operation 0.5 0.5 megobm 

IC 

6FJ7 MEDIUM-MU DUAL TRIODE 

I 

Duodecar' type used as combined vertical-deflection­
oscillator and vertical-deflection-amplifier tube in color 
and black-and-white television receivers. Outlines sec­
tion, 8B; requires duodecar 12-contact socket. Heater: 
volts (ac/dc), 6.3; amperes, 0.9; maximum heater-cath­
ode volts, ±200 peak, 100 average. 

H H 

Class A. Amplifier 
CHARACTERISTICS 
Plate Voltage ................................. . 
Grid Voltage ................................. . 
Amplification Factor ..................... , .... . 
Plate Resistance (Approx.) ..•.................... 
Transconductance . .- ........................... . 
Plate Current ................................. . 
Grid Voltage (Approx.) 10r plate current of 10 ... A 
Grid Voltage (Approx.) for plate current of 60 ... A 

Unit No.1 
250 
-8 
22.5 
9000 
2500 

8 
·-18 

128M 

Unit No.2 
150 260 

o -9.5 
16.4. 
2000 
7700 

6S' 41 

-23 

• This value can be measured by a method involving a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 30-frame sYBtem 

. Unit No.1 
MAXIMUM RATINGS (Design-Maximum Values) Oscillator 
DC Plate Voltage .................................. 350 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Grid Voltage '" '.' ............ . 
Peak Cathode Current .................•..........• 
Average Cathode Current .........................• 
Plate Dissipation ................................•• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

-400 

1 

Unit No.2 
Amplifier 

650 
2500 

-250 
150 

50 
10 

volts 
volts 

ohms 
...mhos 

mA 
volts 
volts 

that the 

volts 
volts 
volts 

mA 
mA 

watts 

For fixed-bias operation ..............•.•.•...•. 2.2 2.2 megohms 
For cathode-bias operation ............... :...... 2.2 ~egohms 

# Pulse duration must not" exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
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Ie 6FM7 
DUAL TRIODE 13FM'7, 15FM'7 

I 

H 

12EJ 

Duodecar type used as combined vertical-deflection os~ 
cillator and vertical-deflection amplifier in color and 
black-and-white television receivers. Triode unit No.1 
is used as an oscillator, and triode unit No.2 is used 
as an amplifier. Outlines section,BC; requires duodecar 
12-contact socket. Types 13FM7 and 15FM7 are identi­
cal with type 6FM7 except for heater ratings. 

Heater Voltage (acjdc) .................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 

6FM7 
6.3 

1.05 

13FM7 
13 

0.45 
11 

15FM1 
14.8 
0.45 

11 
Heater-Cathode Voltage: 

Average value ........................ . ±200 max ±200 max ±200 max 
Peak value ............................ . 100 max 100 max 100 max 

Class At Amplifier 
CHARACTERISTICS Unit No.1 
Plate Voltage ..................................... 250 
Grid Voltage ...................................... -3 
Amplification Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Plate Resistance (Approx.) ........................ 30000 
Transconductance ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2200 
Plate Current ..................................... 2 
Grid Voltage (Approx.) for plate current of 20 p.A .. -5.3 

Unit No.2 
175 

-25 
5.5 
920 

6000 
40 

Grid Voltage (Approx.) for plate current of 200 p.A . -45 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-Iine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................................. 350 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Plate Voltage ................. -400 
Peak Cathode Current ............................ .. 
Average Cathode Current ......................... . 
Plate Dissipationt ................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

550 
1500 

-250 
175 

50 
10 

volts 
amperes 
seconds 

volts 
volts 

volts 
volts 

ohms 
p.mhos 

rnA 
volts 
volts 

volts 
volts 
volts 
rnA 
rnA 

watts 

For fixed-bias operation ....................• .. 1 1 megohm 
For cathode-bias operation ..................... 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 miJIiseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

" TWIN DIODE­
HIGH-MU TRIODE 6FM8 

9KR 

Miniature type used in television receiver applications 
and as combined FM detector and af voltage amplifier 
in FM receivers. Outlines section, 6B; requires minia­
ture 9-contact socket. Heater: volts (ac/dc), 6.3; am­
peres, 0.45; maximum heater-cathode volts, ±200 peak, 
100 average. 

Triode Unit as Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ... . ............................................. . 
Grid Voltage, Positive-bias value ............................... .. 
Plate Dissipation ........................................... " •. 
CHARACTERISTICS 
Plate Voltage ................................................. .. 
Grid Voltage .................................................... . 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................. ~ .......................... .. 
Plate Current ................................................. _. 

330 
o 

1.1 

250 
-3 

70 
580'00-
1200 

1 

volts 
volts 

watts 

volts 
volts 

ohms 
,.mhos 

rnA 
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Diode Units (Each· Unit) 
MAXIMUM RATINGS (Design-Maximum Values) ..., 
Plate Current ............... , .... : ...... , ........ .' ........ .' ........ .. 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 20 mA ...•••••••......•••• 

6FQSA 
HIGH-MU TRIODE 2FQSA 

Miniature type with frame grid used as rf-amplifier 
tube in vhf tuners, of television receivers. Outlines 
section, 5C; requires miniature7-contact socket. Type 
2RQ5A is identical with type 6FQ5A. except for heater 
ratings. 

Heater Voltage (ac/dc) .........................••• 
Heater Current ........ , .... , .....................• 
Heater Warm-up Time (Average) ................. . 
Peak Heater-Cathode Voltage ................... . 

2FQ5A 
2.3 
0.6 
11 

±100 max 
Direct Interelectrode Capacitances:o 

Grid to Plate ., .............. , ....... , ............... : ...... . 
Grid to Cathode, Heater, and Internal Shield ............... . 
Plate to Cathode, Heater, and Internal Shield ................ . 
H,eater to Cathode .........................................• 

° .Wlth external shield connected to cathode except as noted. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..................................................•. 
Grid Voltage, Negative-bias value .................. ; ............• 
Average Cathode Current ............................ : .......... . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage, ' ................................................... . 
Grid Voltage ................................................. ; .. 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current ...... , ........................................... . 
Grid Voltage (Approx.) for plate current of 100 poA ......••..•.•• 
MAXIMUM CIRCUIT VALUE . 
Grid-Circuit Resistance, for cathode-bias operation ............... . 

6FQ7 Refer to chart at end of 

6FQ71 
6CG7 
UQ7/8CG7 

MEDIUM-MU TWIN TRIODE 

Miniature type used as combined vertical- and horizon­
tal-deflection oscillator in color and black-and-white 
television receivers. Outlines section, 6E'; requires 
miniature 9-contact socket. Type 8FQ7/8CG7 is identi. 

7FP 
6FQ5A 

6.3 
0.18 

£100 max 

0.52 
6 

3.5 
2.5 

200 
-50 

22 
2.5 

135 
-1.2 

74 
6300 

12000 
8.9 

-4.5 

1 

section. 

9lP 

rnA 

volts 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 

volts 
volts 

rnA 
watts 

volts 
volts 

ohms 
pomho. 

mA 
volts 

megohm 

cal with type 6FQ7/6CG7 except for heater ratings. For typical operation 
as a resistance-coupled amplier, refer to Resistance-Coupled Amplifier 
section. 

Heater Voltage (ae/de) .......................... .. 
Heater Current ................................... . 

6FQ7/6CG7 8FQ7/8CG7 
6.3 8.4 volts 
0.6 0.45 ampere 

Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

,11 seconds 

Peak value .................................. .. ±200max ±200 max volts 
Average value ...............................•• 100 max 100 max volts 

Direct Intereleetrode Capacitances (Approx.): 
Grid to Plate ....... , .......................••• 

UnitN'o.l U .. itNo.2 
pF 3.6 3.8 

Grid to Cathode and Heater .................. ;. 2.4 2.4 pF 
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Plate to Cathode and Heater ...............•••• _ 
Plate of Unit No.1 to Plate of Unit No.2 .....• _ 

. 0.34 0.26 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .....................................•...........• 
Grid Voltage, Positive-bias value ...............................• 
Cathode Current ......................... ' ...................... . 
Plate Dissipation: 

For either plate ............................•.•.........•.•• 
For both plates with both units operating ...•............. ~ .•• 

CHARACTERISTICS 
Plate Voltage ....................................•. 
Grid Voltage ..................................... . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ........................ . 
Transconductance .................................. . 
Plate Current ....................................• 
Grid Voltage (Approx.) for plate current of 10 p,A .. . 
Plate Current for grid voltage of -12.5 volts ....... . 
MAXIMUM CIRCUIT VALUE 

90 
o 

20 
6700 
8000 

10 
-7 

Grid Circuit Resistance, FOl' fixed-bias operation ...............• 

Oscillator 

1 

For operation in a 525-line, 30-frame system 
Vertical­

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................................. . 
Peak Negative-Pulse Grid Voltage ................. . 
Peek Cathode Current ............................. . 
Average Cathode Current ......................... . 
Plate Dissipation: 

For either plate ............................... . 
For both plates with both unit", operating ...... . 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance ........................... . 

TYPE 6FQ7/6CG7 

Deftection 
Oscillator 

330 
-440 

77 
22 

4 
5.7 

2.2 

330 
o 

22 

4 
5.7 

250 
-8 

20 
7700 
2600 

9 
-18 

1.3 

1.0 

Horizontal­
Deflection 
Oscillator 

330 
-660 

330 
22 

4 
5.7 

2.2 

FOR EACH UNIT 
30~-r--.--,---r--~-+--+--4--~ 

13 
~ 25 
::;; 
« 20f--+---t­::::; 
.J 

~ 15 
w 
~ IOf--+~~~4-~~~~~~A 
D.. 

92CS-8442T 
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pF 
pF 

volts 
volts 

mA 

watts 
watts 

volts 
volts 

ohms 
p,mhos 

mA 
volts 

mA 

megohm 

volts 
volts 

mA 
mA 

watts 
watts 

megohms 

6FSS 
BEAM HEXODE 2FSS, 3FSS 

Miniature type used as rf-amplifier tube in vhf tele­
vision receivers. In this tube, grid No.1 is the control 
grid, grid No.2 is a focusing grid, grid No.3 is the 
screen grid, and grid No.4 is the suppressor grid. 
Grid No.2 is internally connected to the cathode and 
grid No.4 and aligned with grid No.3 Outlines section, 
5C; requires miniature 7~contact socket. Types 2FS5 
and 3FS5 are identical with type 6FS5 except for 
heater ratings .. 

Heater Voltage (ac/de) ....................• 
Heater Current ........................... . 
Heater Warm-up Time (Average) ...•....• , 

2FS5 
2.4 
0.6 
11 

3FS5 
2.9 

0.45 
11 

6FSS 
6.3 
0.2 

volts 
ampere 
seconds 
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Heater-Cathode Voltage: 
Peak . value ............................... ±200 max ±200 max ±200 max volts 
Average value ..... :................... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: . Shielded U nahlelded. 
Grid No.1 to Plate ............................. 0.03 . 0.016 pF 
Grid No.1 to Cathode, Heater, Grid No.2, 'Grid 

No.3, and Grid No.4 • ~ ... : ~ : ..... : .... : .... : . . 4.8 4.8 pF 
Plate to Cathode, Heater, Grid No;2, Grid No.3, 

and Grid No.4 .....•.............•....•.••..• 2 2.8 pF 

• Witb external shield connected to pin 7. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..... ; .... : ....................................... . 
Grid-No.3 (Screen-Grid) Voltage ............................... .. 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ...................•......•......•.......• 
Positive-bias value ...................................•....... 

Cathode Current ................................................ . 
Plate Dissipation ................................................ . 
Grid-No.3 Input ... ; ...... ; .................•.......••.••.••..••• 
CHARACTERISTICS 
Plate Voltage .............................................. ' .... . 
Grid-No.3 Voltage ............................................. .. 
Grid-No.1 Voltage ............ ; ...........•.....................• 
Plate Resistance (Approx.) ....................................•• 
Transconductance ................................ ' ............. .. 
Plate Current .........•......................................... 
Grid-No.3 Current ..... : .........................................• 
Grid-No.1 Voltage (Approx.) for transconductance of 100 pmhos ..• 
MAXIMUM CIRCUIT VALUE .. 
Grid-No.1-Circuit. Resistance, For fixed-bias operation ..••.•.•..•• _ 

6FV6 SHARp·CUTOFF TETRODE 

Miniature typ~ used as r:f amplifier in vhf tuners of 
television receIvers. Outlines section,5C; requires 7-
contact socket. 
Heater Voltage (ac/dc) ........................................ . 
Heater Current .........................•........................ 
Heater-Cathode Voltage: 

Peak value ................................•...••...•.......• 
Average value ............................................... . 

Direct Interelectrode Capacitances :0. 
Grid No.1 to Plate ........... : ..............................• 
Grid No.1 to Cathode, Heater, Grid No.2, and Internal. Shield .. 
Plate to Cathode, Heater, Grid No.2, and Internal Shield ..... . 
Cathode to Heater ........ : ................................... . 

° With external shield connected to cathode except as noted • 
• With external shield connected to ground. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maxinium Values) 
Plate Voltage ............. , .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage .........................• 
Grid-No.2 Voltage .............................................. .. 
Grid-No.1 (Control-Grid) Voltaire, Positive-bias value ...........•• 
Cathode Current ................................................ . 
Plate Dissipation ....... : ........... ; ...•.........•...•.•.•.....• 
Grid-No.2 Input: ' . 

For grid-No.2 voltages up to 90 volts ..........•......••.•.•• 
For grid-No.2 voltages between 90 and 180 volts ..•..••......• 

CHARACTERISTICS ' 
Plate Voltage ........•..... , ....................•..•.••..•....•• 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 Voltage .......... , .... , ................. " ... , ..... , .• 
Plate Resistance (Approx.) ............... , ............... ,., .... . 
Transconductance ................ ~ ........... , .. " ................ . 
Plate Current ......................... ; ........................ . 

300 
11>0 

-50 
0' 

20 
3.26 
0.16 

276 
136 

-0.2 
0.24 

10000 
9 

0.17 
-5 

0.5 

volts 
volts 

volts 
volts 
mA 

watts 
watt 

volts 
volts 
volt 

megohm 
pmh08 

mA 
mA 

volts 

megohm 

~
H : 

H 3 . b GZ 

IS 2 I - ••. ' 7 K 

GI 

7FQ 
6.3 volts 
0.2 ampere 

±200'max volts 
100 max 'volts 

0.03 max pF 
4.1> pF 

:I pF 
2.7· pF 

275 volts 
180 volts 

See curve page 96 
o volts 

20 mA 
2 watts 

0.5 watt 
See curve page 96 

125 volts 
80 volts 

-1 volt 
0.1 megohm 

8000 pmhos 
10 mA 
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Grid-No.2 CUl'I'ent .............................................. .; ........ ' 
Grid-No.1 Voltage (Approx.) for .plate current of 20 p.A ...••••• " 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance ..................................... . 

Refer to chart at end of section. 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

1.5 
-6 

0.5 

6FV8 

267 

mA 
volts 

megohm 

6FV8A 
5FV. 

9FA 

Miniature type used in television receivers as com­
bined oscillator and amplifier. Triode unit is used as 
vertical-deflection oscillator; pentode unit is used as 
if or general-purpose amplifier. Outlines section, 6B; 
requires 9-contact socket. Type 5FV8 is identical with 
type 6FV8A except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ..................................•• 
Heater Warm-up Time (Average) ...............••• 

Heater-Cathode Voltage: 
Peak value ................................... . 
Average value .................................. . 

Direct Intcrelectrode Capacitances: 
Triode Unit: 

G"id to Plate ................................. . 
Grid to Cathode, Heater, Pentode Cathode, Pentode 

Grid No.3, and Internal Shield .. .. ., . , .... 
Plate to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield ......• 
Pentode Unit: 

Grid No.1 to Plate ............... _ ............ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield ..... ' .... ' ........ . 
Plate to Cathode, Heater, Grid No.2, Grid No.3. 

and Internal Shield _ ..................... . 
Pentode Plate to Triode Plate ................... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

5FV8 6FV8A 
4.7 6.3 volts 
0.6 0.45 ampere 
11 11 aeconds 

±200 max ±200 max volts 
100 max 100 max volts 

Shielded Unshielded 

1.8 1.8 pF 

2.8 2.8 pF 

1.5 2 pF 

0.02 max 0.01 max pF 

5 5 pF 

2 3 pF 
0.15 max 0.03 max pF 

Pentode Unit 
Plate Voltage ......... _ ........................................ . 800 volts 
Grid-No.2 (Screen-Grid) Supply Voltage _ ........................ . 300 volt. 
Grid-No.2 Voltage ......... ,., ................. _ ...............•• See curve page 96 
Grid-No.1 (Control-Gdd) Voltage, Positive-bias value ........•....• o volt,s 
Plate Dissipation _ .........................................•••.•• 2.3 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts _ ..................... . 0.55 watt 
For grid-No.2 voltages between 165 and 330 volts .......•••••• 

MAXIMUM CIRCUIT VALUES 
See curve page 96 

Grid-No.1-Circuit Resistance: 
For fixed-bias operation ...................................•.• 0.25 
For cathode-bias operation .......................... ;........ I 

CHARACTERISTICS Triode Unit Pentode Unit 
Plate Voltage ...................................... 125 125 
Grid-No.2 Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 125 
Grid-No.1 Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1 -I 
Amplification Factor ............................... 45 
Plate Resistance (Approx.) .......................• 5600 
Transconductance .................................. 8000 
Plate Current ..................................... 12 
Grid-No.2 Current ...................... _ ......... . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A ......................................... -7.5 

200000 
6500 

12 
4 

-9 

Vertical-Deflection Oscillator-Triode Unit 
For operation in a 525-line. 3U-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage " _ .... _ ..................... ' .................• 
Peak Negative-Pulse Grid Voltage .............................. . 
Peak Cathode Current .......................................... . 
Average Cathode Current .......................................• 
Plate Dissipation ...... ' .........................................• 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, For cathode-bias operation .••.•...•.•••• 

330 
-250 

70 
20 

2 

3 

megohm 
megobm 

volt. 
volts 

volt 

ohms 
I-'mhos 

mA 
mA 

volts 

volts 
volts 

rnA 
mA 

watts 

megohms 
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6FW5 BEAM POWER TUBE 
Glass octal type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 19B; requires 
octal socket. Heater: volts. (ac/dc),6.3; amperes, 1.2; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30.frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ......... ' ..................................... . 
Peak Positive·Pulse Plate Voltage# ....... : ..................... . 
DC Grid-No.2 (Screen-Grid) Voltage ............................. . 
Peak Negative-Pulse Grid-No.1 Voltage .......................... . 
DC Grid-No.1 (Control.Grid) Voltage ........................... . 
Peak Cathode Current .......................................... . 
Average Cathode Current ....................................... . 
Plate Dissipationo •.•••.•••••••••••••••••••.•••..•.•.•.•.••....•.• 
Grid·No.2 Input ................................................. . 
Bulb Temperature (At hottest point) ............................ . 
MAXIMUM CIRCUIT VALUE 

~
p 

~3 3. _. __ ---
/1 2 . 7H 

, 8 
G1 G2 

770 
6600 
220 

-330 
-56 

610 
176 
18 

3.6 
220 

6CK 

volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance ..................................... megohm 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds) • 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

6FW8 Refer to chart at end of section. 

6FY51 
EC97 

HIGH-MU TRIODE 

Miniature type with frame grid used for rf-amplifier 
applications in vhf tuners of television receivers. Out­
lines section, 5C; requires miniature 7-contact socket. 
Heater Voltage (ac/dc) .•............ : .......................... . 
Heater Currellt .................................................. . 
Peak Heater-Cathode Voltai,ge ................................... . 

Direct Interelectrode Capacitances: Unshielded 
Grid to Plate ...... "' .... . . . . . . . . . . . . . . . . . . . . . . . • 0.50 
Grid to Cathode, Heater. and Internal Shield.... ·4.76 
Plate to Cathode. Heater. and. Internal Shield ... 3.3 
Grid to· .Heater .... .-... ... . . . . .. . . . . . . . . . . . . . . . .. 0.28 msx 
Plate to Cathode ;.............................. 0.25 
Cathode to Grid ..........•. ;.................. 3.2 
Heater to Cathode............................. 2.6 

CJaSS At Amplifier 
MAXIMUM RATINGS (Absolute-Maxbrium Values) 
Plate Supply Voltage ......... : ................................. . 
Plate Voltage ......... ; .... ; ... : ................................ . 
G\"id Voltage, Negative·bias value ............................... . 
Cathode Current ...... ' .... ; .....................................• 
Plate Dissipation ..... ; ........ ; .................................. . 
CHARACTERISTICS . 
Plate Voltaire. . . ... . . . . .. . . . . . . . . . . . . . 135 
Grid Voltage ................ ......... . -1 
Transconductance .... :............... 13000 
Amplification Factor ................. 70 
Plate Current........................ 11 
MAXIMUM CIRCUIT VALUES 

135 
-3.1 

625 

135 
-5 
125 

Cathode-Heater Circuit Resistance ................................. . 
Grid-Circuit Resistance .•... , ....• ; .............................. . 

$H
45

P 

H IS 
3 I> 

G 2 ,--- 7 K 

7FP 
6.3 
0.2 

±100max 

Shielded 
0.48 
4.75 

4.S 
0.28msx 
'0.21 

3.2 
2.e; 

560 
200 

-4)0 
20 

.2.2 

135 
-4.5 

0.1 

0.02 
1 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 
mA 

watts 

volts 
volts 

pmhos 

rnA 

megohm 
megohm 
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DUAL TRIODE 6FY7 

I 

H 
12EO 

15FY7 

,,·Duodecar type ,used ,;as,combined vertical-deflection os­
cillator and vertiea'l-deflection ampliner in television 
receivers. Triode unit ·No.l is used as an oscillator, 
and triode unit No.2 is used as an amplifier. Outlines 
section, 8D; requires duodecar 12-contact socket. Type 
15FY7 is identical with type 6FY7 except for heater 
ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ...................................• 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ................................ . 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage ..................................... . 
Amplification Factor ..............................• 
Plate Resistance (Approx.) .......................• 
Transconductance .................................• 
Plate Current ....................................• 
Grid Voltage (Approx.) for plate current of 30 /LA .. 
Grid Voltage (Approx.) for plate current of 50 /LA .. 
Plate Current (ApPl'ox.) for grid voltage of -25 volts 

6FY7 
6.3 

1.05 

±200 max 
100 max 

Unit No.1 
250 
-3 

65 
40500 

1600 
1.4 

-5.5 

15FY7 
14.7 
0.45 

11 

±200 max 
100 max 

Unit No.2 
150 

-17.5 
6 

920 
6500 

35 

-36 
6 

volts 
amperes 
seconds 

volts 
,'olts 

volts 
volts 

ohms 
pmhos 

rnA 
vults 
,-mUs 

rnA 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................................•• 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Plate Voltage ............... . 
Peak Cathode Current .. , .......................... . 
Average. C!'th~de Current ........................ , .. 
Plate Dlsslpatlon ... : .............................. . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance ........................... . 

Unit No.1 
Oscillator 

330 

-400 
70 
20 

1 

2.2 

Unit No.2 
Amplifier 

275 
2000 

-250 
175 

50 
7t 

2.2 

'Volts 
volts 
vults 
rnA 
rnA 

watts 

megohuls 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6G6G 
6Gll 

H 

9NH 

BEAM POWER TUBE 6GBS 
13GB5, 17GB5/PL500 

N eonoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 10E; requires 
neonoval 9-contact socket. Typical instantaneous char­
acteristics (measured with recurre{lt, waveform such 
that maximum ratings are not exceeded): plate volts, 
75; grid-No.2 volts, 200; grid-No.1 volts, -10; plate 
mA, 440; grid-No.2 mA, 37. Types 13GB5 and 27GB5/ ' 
PL500 are identical with type 6GB5 except for heater 
ratings. 

27GB5/ 

Heater Voltage (ac/de) .................... . 
Heater' Current ..........................•.. 

6GB5 13GBS PL500 
6.3 13.3 27 volts 

Heater-Cathode Voltage: 
Peak value ............................ . 

L38 0.6 0.3 amperes 

±250.lllilx 
--, 
±250.inax ±2'50max volts 

Avexagevalue ........................ .. 125,DlIIX 125 DiiIX 125 max volts 
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Horizontal-Deflection Amplifier 
For operation In a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Vaiues) 
DC Grid-No.2 (Screen-Grid) Voltage .... ; .....................•.• 
Peak Positive-Pulse Plate Voltage# ..........• ; .•.••..•.........• 
DC Grid-No.2 (Screen-Grid) Voltage .............................. . 
Average Cathode Current ...................................... .. 
Plate Dissipation" ...... " ......................................... . 
Grid-No.2 Input· .............................................. .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

275 
7700 

276 
275 

17 
6 

volts 
volts 
volts 

mA 
watts 
watts 

Without grid current ........ ;............................... 0.6 megohm 
With grid current (horizontal-output service only) ...........• 2.2 megohms 

# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds) • 
.. A bi!UI resistor or other means is required to protect the tube in absence of excitation. 
• Grid-No.2 input may reach Ii watts for plate-dissipation values below 11 watts. 

6GC5 BEAM POWER TUBE 

Neonoval type used in color and black-and-white tele­
vision receiver applications and as output tube in 
audio-amplifier applications. Outlines section. lOD; re­
quires neonoval 9-contact socket. 

Heater Voltage (ac/dc) ........................................ .. 
Heater Current ................•...............................•• 
Heater-Cathode Voltage: 

Peak value ..................... , ..........................•• 
Average value .........................................•.•.• 

DireCt Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate " ........................................•• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ......• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ..........•• 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .........................................•..••••••• 
Grid-No.2 (Screen-Grid) Voltage ............................... .. 
Plate Dissipation .............................................. .. 
Grid-No.2 Input ........... ' ..................................... . 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ..................................••• 
Grid-No.2 Voltage ........... " ............ : ........• 
Grid-No.1 Voltage ............................... .. 
Cathode-Bias Resistor ............................. . 
Peak AF Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Current ......................... . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current .: ............... , ..• 
Maximum-Signal Grid-No.2 Current ...............• 
Plate Resistance (Approx.) .. " ..... :: ........•....• 
l'ransconductance ........... ;" .... " ....... : ......... . 
Load Resistance ....... , .......................... . 
Total Harmonic Distortion ......................... . 
M"aximum-Signal Power Output .•.•••••.••••••.•••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

110 
110 

-7.6 

7.6 
49 
60 
4 

10 
13000 

8000 
2000 

10 
2.1 

For fixed-bi!UI operation ................................... .. 
For cathode-bias operation ................................. .. 

6GE5 BEAM POWE~ TUBE 
UGB! • .17GB! 

Duodecar type used as horizontal~defiection-amplifier 
tube in television receivers. Outlines section, l5A; re­
quires duodecar l2-contact socket. Types l2GE5 and 
l7GE5 are identical with type 6GE5 except for heater 
ratings. 

H 

9EU 
6.3 volts 
1.2 amperes 

±200max volts 
100 max volts 

0.9 pF 
18 pF 
'l pF 

220 volts 
140 volts 

12 watts 
1.4 watts 

200 volts 
125 volts 

volts 
180 ohms 
8.5 volts 
46 mA 
47 mA 

2.2 mA 
8.5 mA 

28000 ohms 
8000 !'mhos 
4000 ohms 

10 per cent 
3..8 watts 

0.1 megohm 
0.5 me&ohm 

12BJ 
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IIGE5 UGE5 
Heater Voltage (ac/de) .................... . 
Heater Current ............................ . 

6.3 12.6 
1.2 0.6 

Heater Warm-up Time (Average) ........... . 
Heater-Cathode Voltage: 

Peak value ............................ . 

11 

±200max ±200max 
Average value .......•.................. 100 ma.x 100 ma.x 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ..........................•..•.••• 
Grid-No.2 (Screen-Grid) Voltage ...............• 
Grid-No.1 (Control-Grid) Voltage ..............• 
Amplification Factor ........................... . 
Plate Resistance (Approx.) ....................• 
Transconductance ............................•• 
Plate Current .................................• 
Grid-No.2 Current .............................• 
Gl·id-No.1 Voltage (Approx.) lor plate current 
ol1mA .............................. . 

.. Grid No.2 tied to plate . 

Pentode 
Connection 
60 250 

,150 150 
0 -22.5 

18000 
7300 

345· 65 
27· 1.8 

-42 

271 

l1GE.5 
16.8 volts 
0.45 amperes 

11 Beconds 

±200ma.x volts 
100 ma.x volts 

Triode* 
Connection 

150 "olts 
150 volts 

volts 
M 

ohms 
pmhos 

mA 
mA 

"olts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage .................................•.•.•.. 
Peak Positive-Pulse Plate Voltage# .............................. .. 
Peak Negative-Pulse Plate Voltage ..........................••... 
DC Grid-No.2 Voltage ...................................•.......• 
Peak Negative-Pulse Grid-No.1 Voltage .....•...............••• 
.DC Grid-No.1 Voltage ......................................... .. 
Peak Cathode Current ........................... ; ............... . 
Average Cathode Current ............................•• · ........•• 
Plate Dissipationt ...........................................••• 
Grid-No.2 Input ......................................•.......••• 
Bulb Temperature (At hottest point) ................• ; ......... .. 
MAXIMUM CIRCUIT VALUE 

770 
6500 

-1500 
220 

-330 
-55 

550 
175 

17.5 
3.5 
200 

volts 
volts 
"olts 
volts 
volts 
volts 
mA 
rnA 

watts 
watts 

·C 

Grid-No.1 Circuit Resistance ....................... ;............. 1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microooeconds). 
t A bias resistor 01' other means is required to protect the tube in absence of excitation. 

BEAM POWER TUBE 6GFS 

12BJ 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 8D; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 6.3; 
amperes, 1.2; maximum heater-cathode volts, ±200 
peak, 100 average. 

Class A. Amplifier 

CHARACTERISTICS 
Plate Voltage ................................• 
'Grid-No.2 (Screen-Grid) Voltage ............... . 
Grid-No.1 (Control-Grid) Voltage ............. . 
Amplification Factor ......................... . 
Plate Resistance (Approx.) ................... . 
Transconductance .................... .: ......... . 
Plate Current ................................ . 
Grid-No.2 Current ........................•.... 
Grid-No.1 Voltage (Approx.) for plate current of 

1 mA .................................... . 
• Grid No.2 connected to plate. 

Pentode 
Connection 
60 250 

,160 160 
o -26.5 

345· 
33· 

0.26 
4700 

34-
1.6 

-46 

• These values can be measured .hy a method involving a recurrent 
maximum ratings of the tube will not be exceeded. 

Triod~* 
Connection 

150 volts 
150 volts 

4.2 
volts 

megohm 
pmhos 

rnA 
rnA 

volts 

waveform such that the 
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Horizontal-Deflection Amplifier 
For operatioit' in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ...................................... . 
Peak Positive-Pulse Plate Voltage# ....... ~ ................... . 
Peak Negative-Pnlse Plate Voltage ............................. . 
DC Grid-No.2 Voltage ..... c .......... : ........................ . 
Peak Negative-Pulse Grid-No.1 Voltage .... : .................. . 
Negative DO Grid-No.1 Voltage ............................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ..... , ................................ . 
Plate Dissipationt .............. ' ............................... . 
Grid-No.2 Input ., ............................................. . 
Bulb Temperature (At hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE 

770 
5000 

-1500 
220 

-330 
~55 

500 
160 

9 
2.5 
200 

volts 
, 'volts 
, volts 

volts 
volts 

. volts 
mA 
mA 

watts 
watts 

·0 

Grid-No.1-Circuit Resistance ..................................... 1 megohm 
# PuIs,. duration must uot exceed 15% of a' horizontal scanning cycle (10 microseconds). 
t A'bias resistol' or other means is required to protect the tube in absence of excitation. 

6GF1 
6GF1A 

lOGF7. lOGF7A, 
13GF7, 13GF7A 

DUAL TRIODE 

N ovar types used as combined vertical-deflection oscil-
lator and vertical-deflection amplifiers in color and 9QD 

NC 

black-and-white television, receivers. Outlines section, llA and 30A, re~ 
spectively; require novar 9-contact socket. For curves of average plate 
characteristics for Unit No.1 and Unit No.2, refer to types 6DR7 (Unit 
No.1) and 6EM7, respectively. Types lOGF7 and lOGF7A and types 13GF7 
and 13GF7A are identical with types 6GF7 and 6GF7A except for heater 
ratings. 

6GF7 10GF7 13GF7 
6GF7A 10GF7A 13GF7A 

Heater Voltage (ac/dc) ...................• 6.3 9.7 13 volts 
Heater Current ............................ 0.985 0.6 0.45 ampere 
Heater Warm·up Time (Average) ........... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............... . . . . . . . . . . . . . ±200 max ±200 max ±200 max volts 
Average, value ......... : .... .'.......... 100 max 100 max 100 max volts 

Direct Intel'electrode Capacitances (~prox.): Unit No.1 Unit No.2 
Grid to Plate .................................. 4.6 9 pF 
Grid to Cathode and lleatel." .................... 2.4 6.5 pF 
Plate to Cathode and Heater .................. 0.26 1.4 pF 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ..................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Grid Voltage (Approx.), 

For plate current of 11> p,A ...........•.•....•• 
For plate current of 100 p,A ....•............• 

Plate Current ................................... . 
FOl' plate voltage of 60 vc>lts and zero grid voltage 
For grid voltage of -28 vc>lts ............... . 

Unit No.1 
250 
-3 

64 
40000 

1600 

-5.5 

1.4 

Unit No.2 
160 

-20 
5.4 
750 

7200 

-45 
50 
95 
10 

Vertical-Deflection Oscillator and Amplifier 
For opeT;'tion in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) . 
DC Plate Voltage .. : ........ : ...................• 
Peak Positive-Pulse Plate Vc>\tage 

(Absolute Maxirnum)# ....................... . 
Peak Negative-Pulse Grid Voltage ............... . 
Peak Cathode CurreI1t ........................... . 
Average Cathode Current ........................ . 
Plate Dissipation ................................•• 

Unit No.1 
Oscillator 

330 

-400 
77 
22 

1.5 

Unit No.2 
Amplifier 

330 

1500· 
-250 

175 
50 
11 

volt. 
volts 

ohms 
p,mhos 

volts 
volts 
mA 
rnA 
mA 

volt. 

volts 
volts 
mA 
mA 

watts 
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MAXIMUM CIRCUIT VALUES 
Grid-Chcuit Resistance: 

For grid-resistor-bias or cathode-bias operation . 2.2 2.2 megohms 

• Under no circumstances should this absolute value be exceeded. 
# Pulse dUl'ation must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Refer to chart at end of section. 6GH8 

6GH8A MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

I> PP SGUSA 

=:~=-'l77)KP.G3P Miniature type used in multivibrator-type horizontal­
IS deflection circuits and for agc-amplifier or sync-sepa­

rator applications in color and black-and-white tele­
vision receivers. Outlines section, 6B; requires minia­
ture 9-contact socket. Type 5GH8A is identical with 
type 6GH8A except for heater ratings. 9AE 

Heater Voltage (acldc) ........................... . 
Heater Cunent .................................. . 
Heater Wal'm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak valne .................................. . 
Average value ......... " .... , ................. . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................... . 
Grid to Cathode, Heater, Pentode Grid No.3, 

Pentode Cathode, and Internal Shield ..... : .. 
Plate to Cathode, Heater, Pentode Grid No.3, 

Pentode Cathode, and Internal Shield ........ . 
Heater to Cathode ........................... . 

Pentode Unit: 
Grid No.1 to Plate .......................... . 
Grid No.1 to Cathode, Heater, Gl'id No.2, 

Grid No.3, and Internal Shield ............. . 
Plate to Cathode, Heatel', Grid No.2, Grid No.~, 

and Internal Shield ........................ . 
Heater to Cathode, Grid No.3, and Internal Shield 

SGHSA 
4.7 
0.6 
11 

±ZOO max 
100 max 

Unshielded 

1.7 

3 

1.4 
3 

0.02 max 

5 

2.6 
3 

6GHSA 
6.3 volts 

0.4. ampere 
11 seconds 

±200max volts 
100 max volts 

Shielded 

1.7 pF 

3.2 pF 

1.9 pF 
3 pF 

O.ot max pF 

5 pF 

3.4 pF 
3 p~' 

Class AJ Amplifier 
CHARACTERISTICS 
Plate Voltage ................................. . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Amplification Factol' .............................. . 

. Plate Resistance (Approx.) ...................... . 
Transconductance .............................. . 
Plate CUrl'ent .................................... . 
Grid-No.2 CUl'1'ent ............................ _ .. . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A .......................................• 

Triode Unit Pentode Unit 
125 125 

-1 
46 

5400 
8500 
13.6 

--8 

125 
-1 

200000 
7500 

12 
4 

-8 

TYPE6GH8AI .J. 
PENTODE UNIT 
GRID-No.2 VOLTS=125 

I J\ >JO\.,\,~\=o 
~GR\O-~O~ 

{ ,::2E-
5 

~I--
... -:l. 
0 r-I'" -1.5 

0 
I 

" C/=O -2 
II 
I --- _-2.5 - - - -2 -3 
,- --- 3.5 

-:!..,-5 
o 100 200 300 400 500 

volts 
volt. 
volts 

ohms 
p.mhos 

rnA 
mA 

volt. 

PLATE VOLTS geCS-I0436T 
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Horizontal-Deflection Oscillator 
For operation in a S2S-line, "I-frame system 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage .... ",.............................. 3841 3541 
Gr!d-No.2 (Screen-Gri~) V-oltage ................ _. 3341 
GrId-No.1 (Control-Grul) Voltage: .. ' , 

Positive-bias value' ..... , .................... .. 
Peak negative value ..................... ;: ...• 

Peak Cathode Current .......................... .. 
Average Cathode CUrrent ....................... .. 
Plate Dissipation ., ............................. .. 
Grid-No.2 Input .................................. . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................... .. 
For ",thode-bias operation ................... . 

o 

2.5 

2.2 
2.2 

o 
-175 

300 
241 

2.5 
0.55 

2.2 
2.2 

6GJ5 Refer to chart at end of section. 

'6GJSA BEAM POWER TUBE 
IZGJ5A, 17GJ5A 

Novar type used in high-efficiency horizontal-deflec­
tion":amplifier circuits of television receivers. Outlines 
section, 32; requires novar 9-contact socket. For curve 
of average characteristics see type 6GW6_ Types 
12GJ5A and 17GJ5A are identicid with type 6GJ5A ex­
cept for heater ratings. 

Heater Voltage (acldc) .................. _, 
Heater Current , ..................... , ....• 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: . 

GGJ5A 
6.3 
1.2 

12GJ5A 
12.6 

41.6 
11 

M 

9QK 
17GJ5A 
16.8 
0.45 

11 

volts 
volts 

volts 
volts 

rnA 
rnA 

watts 
watt 

mep:ohms 
megohms 

volts 
amperes 
seconds 

Peak value ,........................... ±200 max ±200 max ±200 max volts 
volts Average value ... ,..................... 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.) : 
Grid No.1 to Plate ................... ; ............. ; ....... . 0.26 

15 
6.5 

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......•• 

Class A. Amplifier 

CHARACTERISTICS 
Plate Voltage ............................ . 
Grid-No.2 Voltage ....................... . 
Grid~No.l Voltage ...................... .. 
Mu-Factor, Grid No.2 to Grid No.1 .........• 
Plate Resistance (Approx.) ............... . 
Transconductance .........................• 
Plate Current ' .. ' .........................• 
Grid-No.2 Current ........................ . 
Grid-No.1 Voltage for plate current of 1 mA . 

Triode 
Connection 

150 
150 

-22.5 
4.4 

Pentode Conneetion 
60 250 

1541 150 
o -22.5 

15000 
71410 

390· 70 
32· 2.1 

-42 

pF 
pF 
;pF 

volts 
volts 
volts 

ohms 
pmhos 

mA 
rnA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tUbe. will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a S25-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ...................................... . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Peak Negative-Pulse Plate Voltage .................. ' ........... . 
DC Grid-No.2 Voltage ........................ ; ....•... ~ .......• 
DC Grid-No.1 Voltage .... , ..................................•.. 
Peak Negative-Pulse Grid-No.1 Voltage ........................ . 
Peak Cathode Current ........................................ .. 
Average Cathode Current ...................................... . 
Plate Dissipation· •.. ; ............................ ; ...........• ;. 
Grid-No.2 Input ................................................ '" 
Bulb Temperature (at hottest pOint) ..................•..... , .•• 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance: 

770 
6500 

-1600 
220 

.,....56 
-330 

650 
175 

17.6 
3.5 
240 

volts 
volt. 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

·C 

For grid-resistor-bias· operation. ...........................• 1 megohm 
# Pulse duration ·must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• A bias . resistor or other means is required to ;protect the tube in absence of excit&tiono 
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MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

6GJ7 
6GJTI 
ECF801 

9QA 

SGI7 

Miniature types used as combined oscillator and mixer 
tubes in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHZ. Outlines section, 6J; require miniature 9-
contact socket. Type 8GJ7 is identical with types 
6GJ7 and 6GJ7/ECF801 except for heater ratings. 

Heater Voltage (ac/dc) ...........................• 
Heater Current ................................... . 
Peak Heater-Cathode Voltag"'" ...................... . 

6GJ7 
6GJ7/ECFS01 

6.3 
0.41 

±110 max 

Class Ai Amplifier 

SGJ7 
8.0 
0.3 

±110max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate-Supply Voltage ............................•• 600 600 
DC Plate Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 140 275 
Grid-No.2 (Screen-Grid) Supply Voltage............ 600 
DC Grid .. No..2 Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . ...• -.:..- 275 
DC Grid-No.1 (Control-Grid) Voltage .............. -50 
Cathode Current ................................... 22 20 
Plate Dissipation .................................. 1.8 2.4 
Grid-No.2 Input- .................................• 0.55 
CHARACTERISTICS 
DC Plate Voltage ................................• 
DC Grid-No.2 Voltage ............................ . 
DC Grid-No.1 Voltage ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................• 
Grid-No.1 Voltage for grid-No.1 current of 0.3 /LA ••• 
Grid-No.1-Circuit Resistance, 

100 

-3 
20 

9000 
15 

-1.3 max 

170 
120 

-1.2 
55· 

0.35 
11000 

10 
3 

-1.3 max 

For fixed-bias operation .......................• 0.5 1 
For cathode-bias operation ..................... 0.5 2.2 

volts 
ampere 

volts 

volts 
volts 
volts 
volts 
volts 

mA 
watts 
watt 

volts 
volts 
volts 

megohm 
/Lmhos 

mA 
mA 

volts 

megohm 
megohms 

.. The hum should be minimized in intercarrkr applications by limiting the 
voltage to 100 volts rms, and in AM receivers to 50 volts rms. 

heater-cathode 

* Grid No.2 to grid No.1, approximate value. 
- When control-grid bias is between -1.5 and -2 volts, screen-grid dissipation is limited 
to 0.50 watt. When this bias is greater than -2 volts, maximum screen-grid dissipation 
is 0.36 watt. 

Refer to chart at end of section. 6GJ8 

HIGH-MU TRIODE 6GKS 
2GKS. 3GKS. 4GKS 

Miniature type with frame grid used as grounded-cath­
ode rf-amplifier tube in vhf tuners of color and black­
and-white television receivers. Outlines section, 5C; re­
quires miniature 7-contact socket. Types 2GK5, 3GK5, 
and 4GK5are identical with type 6GK5 except for 

7FP heater ratings. 
2GK5 

Heater Voltage (ac/dc) .......... 2.3 
Heater Current .................. 0.6 
Heater Warm-up Time (Average) 11 
Peak Heater-Cathode Voltage .... ±100 max 
Direct Interelectrode Capacitances (Approx.) " 

3GK5 
2.S 

0.45 
11 

±100 maX 

4GK5 
4.0 
o.S 
11 

±100 max 

Grid to Plate ............................................... . 
Grid to Cathode, Heater, and. Internal Shield ............... . 
Plate to Cathode, Heater, and Internal Shield ..............•• 
Heater to Cathode ......................................... . 

6GK5 
6.3 

0.18 

±100 max 

0.52 
6 

3.5 
2.6-

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 
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o With external shield connected to cathode. except as noted .. 
• With external shield and internal shield connected to ground.' 

Class A1 Amplifier 
.iMArXtMUM,'RATfNGS ·!(Des;gn.Maltimum -~ues)·· 

Plate Voltage ...... _ ................................. , ...... , •• 
G~id Voltage·, _ . 

Nsgative-bias value ....................................... ; 
Positive-bias value _ ................. , ................. : ...... . 

Average Cathode Current ........................... , ..........• 
Plate Dissipation ............................................. '.' 
CHARACTERISTICS' 
Plate Voltage ..................................................• 
Grid Voltage .. _ .. _ ...................................... ; ..... . 
Amp.lification Factor ..... ; .................... ; ............... . 
Plate Resistance (Approx.) .................................... . 
Transconductance ................................ : .......•...... 
Plate Current .................................................. . 
Input Resistanceo ............... ; •••••••••••••••••••••• ; ••• ; .. .. 
Input Capacitanceo ••••••••••••••••••.• ; ••••.••••••.••••••••••••• 
Noise Figuret .................................. : ................ . 
Grid Voltage (Approx.) for transconductance of 150 JLmhos ..... . 
Grid Voltage (Approx.) for tl'ansconductance of 1500 JLmhos ....• 
MAXIMUM CIRCUIT VALUE 

200 

-50 
o 

22 
2.5 

135 
-1 

78 
5400 

15000 
11.5 
275 

11.2 
4.7 

-4.2 
-2.5 

volts , 
volts 
volts 

rnA 
watts 

volts 
volts 

ohms 
I'mhos 

mA 
ohms 

pF 
dB 

volts 
volts 

Grid-Circuit Resistance, for cathode-bias . operation ............... megohm 

o Measured at 200 MHz with heater volts = 6.3' and plate effectively grounded for rf voltages. 
t For a neutralized triode amplif'.er at a f,'equency of 200 MHz with signal source impedance 
adjusted for minimum noise output. ' 

TYPE 6GK5 . 

." 

~40~--+----r---+~-i--~r---t---; ... 
Go 
:Ii 
cr 30'1---b---
:l 
:e 20 

.J!! 
cr 
..J 
Q. 

300 
92CS-II024T 

6GK6 POWER PENTODE 
lOGK6, 16GK6 

Miniature type used in the output stage of audio am­
plifying equipment and also in the video .output stage 
of color and black-and-white television receivers. Out­
lines section. 6G; requires miniature9-contact socket. 
Types 10GK6 and 16GK6 are identical with .type 6GK6 
e~cept for heater ratings. 

Heater Voltage (ac/dc) .................. .. 
Heater Current .... : .................. : .... . 

6GK6 
6;3 

0.76 
Heater Warm-up Time (Average) ......... . 
Peak Heater-Cathode Voltage .............. :!:10!}max 
Direct Interelectrode Capacitances: ' 

'. 1~~~6 
0.45 

11 
:!:100max 

Grid .No.l to 'Plate ......... " .......... : ... ' ........ ,.,.: ...• 
Grid No.1 to· Cathode. Heater. Grid No.2. Grid NQ,~, an9 

Internal :Shield ................... ' ....... 0" • '.' ••• : .... ; ....... . 

Plate to Catll,<;>de, Heate!:. Grid N\i.2. GridN.o;3,.ari1 .. ' 
Internal Shield ............................ , ..... ~ ..... , .... .. 

16GK6 
16 

0.3 
11 

H 

:!:100 max 

0.14 max 

10 

'1 

volts 
ampere 
seconds 

volts 
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Class A! Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage .........................................•• 
Plate Voltage ................................................. . 
Grid-No.2 Supply Voltage ....................................•. 
Grid-No.2 (Screen-Grid) Voltage ............................. . 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value ......... . 
Cathode Current ............................................... . 
Plate Dissipation 
Grid-No.2 Input, P~ak':::::::::::::::::::::::::::::::::::::::::: 
Grid-No.2 Input, Average .....................................• 

CHARACTERISTICS AND TYPICAL OPERATION 
Plate Supply Voltage .......................................... . 
Gl·id-No.2 Supply Voltage ........ , ...... , ...................... . 
Cathode-Bias Resistor ......................................... . 
Mll-Factol', Grid No.2 to Grid No.1 ......... ,., ................. . 
Plate Resistance (Appl'OX.) .................................... . 
Transconductance ................. , ........................... , . 
Peak AF Grid-No.1 Voltage .................................... . 
Zero-Signal Plate Current ..................... , ............... . 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................ . 
Effective Load Resistance .......... , ........................... . 
Total Hal'monic Distortion ..................................... . 
Maximum-Signal Power Output .... , ........................... . 

Push-Pull Class AB! and Class B Amplifier 

MAXIMUM RATINGS (Same as for Class Al Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 

605 
330 
605 
330 

-100 
65 

13.2 
4 
2 

250 
250 
135 

19 
38000 
11300 

7.3 
48 

50.6 
5.5 
10 

5200 
10 
5.7 

Class ABt Class B 
Plate Voltage ...................... . 
Grid-No.2 Voltage .... , ..... , ... , ... . 
Grid-No.1 Voltage ...... , ........ , .. . 
Cathode-Bias Resistor ............... . 
Peak AF Grid-No.1-to-Grid-No.1 Voltage 
Zero-Signal Plate Current ......... . 
Maximum-Signal Plate Current .... ,. 
Zero-Signal Grid-No.2 Current ., .. ,. 
Maximum-Signal Grid-No.2 Current .. 
Effective Load Resistance (plate to plate) 
Total Harmonic Distortion ., ....... . 
Maximum-Signal Power Output 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

250 300 
21>0 300 

130 130 
22.4 28 

62 72 
75 92 

7 8 
15 22 

8000 8000 
3 4 

11 17 

250 300 
250 300 

-11.6 -14.7 

22.4 28 
20 15 
75 92 

2.2 1.6 
15 22 

8000 8000 
3 4 

11 17 

For fixed-bias operation ............................•....••• 0.3 
1 For cathode-bias operation ................ , ................• 

g 
"r 
;l!:!l200 
10:: .. 

0 ... -a. . 
~~150 

~3 
-:aiIOO 
~ 

~ 50 
~ a. 

o 

TYPE 6GK6 
GRID-No. 2 VOL.TS' 250 

III 0 

/ 
~ -2 

& 
GR'D-No.' VOLTS EC .. -4 f--

1C2 1tll I -6 
EC,=-8 Ec,·O 

~ .~ 1C2 -I 1}~5 
.-.- -;;;: -::r.i:=: -10 

100 200 300 
PLATE VOLTS 92C5-9903T 
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volts 
volts 
volts 
volts 
volts 

mA 
watts 
watts 
watts 

volts 
volts 
ohms 

ohms 
pmhos 

volts 
mA 
mA 
mA 
mA 

ohms 
per cent 

watts 

volts 
volts 
volts 
ohms 
volts 

mA 
mA 
rnA 
rnA 

ohms 
per cent 

watts 

megohm 
megohm 
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6GL7 DUAL TRIODE, 

Glass type used as combined vertical-deflection-oscil­
'lator and vertical-deflection-amplifier tube in color and 
'black-and-white television receivers. Outlines seetion, 
13B; requires octal socket. Heater: volts (acl dc), 6.3; 
amperes, 1.05; maximum heater-cathode volts, ±200 
peak, 100 averag~. 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage ..................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) .......... ; ............ . 
Tl'ansconductanee ................................ . 
Plate Current ................................... . 

Unit No.1 
250 
-3 

, 66 
30000 
2200 

2 
Grid Voltage (Approx.): 

For plate current of 20 "A ...................• -5.3 

Unit No.2 
175 

-25 
5 

780 
6400 

46 

For plate current of 200 "A .......... 0 • 0 • 0 0 0 • 0 • -60 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-bne. 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 
Unit No.1 
Oscillator 

350 DC Plate Voltage .... 0 ••••••• 0.00 ••• 0.0 ••• 0 •• 0.0 •• 

Peak Positive-Pulse Plate Voltage .... 0. 0 •• 0.0 •• 00 

Peak Negative-Pulse Gdd Voltage 0000.00000.00.000 

Peak Cathode Current , .... 0 0 0 0 0 0 • 0 ••••• 0 0 0 0 •••• 0 • 0 

Average Cathode Current .00 •• 0000.00.0.000.000 •••• 

Plate Dissipation" 0 ••••••• 0 • 0 0 • 0 •• 0 • 0 0 • 0 0 • 0 0 0 0 •••• 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

-400 

Unit No.2 
Amplifier 

550 
1500# 

-250 
175 

50 
10 

volts 
volts 

ohms 
pmbos 

mA 

volts 
volts 

volts 
volts 
volts 
mA 
mA 

watts 

For fixed-bias operation o. 0 0 ••••• 0 0 ••••••• 0 • • • 1 1 megohm 
For cathode-bias operation .... 0 0 0 0 0 0 •••• 0 • 0 :'. • 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
"A bias resistor ~r other means i. required to protect the tube 'in absence of excitation. 

6GMS POWER PENTODE 
It :5 

N eonoval type used in television receivers and as 
power amplifier in radio receivers and audio amplifiers. It 
Outlines section, 10D; requires neonoval 9-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.8; maxi­
mum heater-cathode volts, ±200 peak, 100 average. ,9MQ' 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage 0000 •••• 0 •••••• 0 •• 0 ••• o. 0 0 o. 0 0.· ••• 00 •• 0 0 •••••••••• 

Grid-No.2 (Screen-Grid) Voltage o. 0 0 0 0 • 0 0 0 0 0 • 0 0 0 • 0 0 0 0 0 0 ••••••• 0 • 

Cathode Current . 0 •• 0 0 0 0 • 0 0 ... 0 0 • 0 0 • 0 0 • 0 0 0 • 0 0 0 • 0 0 0 ••• 0 0 • 0 0 0 0 0 0 0 0 

Plate Dissipation o. 0 0 • 0 0 0 0 •• 0 0 • 0 • 0 • 0 0 0 • 0 •• 0 0 • 0 0 • 0 0 ••• 0 0 0 • 0 •• 0 ••• 

Grid-No.2 Input " 0 0 0 0 • 0 •• 0 0 0 • 0 0 0 • 0 • 0 0 0 0 0 ••• 0 •• 0 • 0 0 •• 0 0 •• 0 • 0 0 0 0 •• 

TYPICAL OPERATION ANO CHARACTERISTICS 
Plate Voltage ... 0.0.0 ••• 00.0 •••• • •• 000:,00000000.000 •• 0.0000 .... 

Grid-No.2 Voltage ·.0 ••••• 0 •••• 0 0 ••• 00 ••• 00 ••• 0. 0 0 0 0.00.0 ••• 0 0 o. 
Grid-No.1 (Co,ntrol-Grid) Voltage .0 ••••••• 00.0. o. 0 0 0 0 0 0:00.00000. 

Peak AF Grid-No.1 Voltage '.000 ••• 0000000. o. 0 0 o. 0.00.000 •• 0.00. 

Zero-Signal Plate Current . 0 • 0 • 0 0 ' •• 0 0 0 • 0 • 0 0 0 0 •• 0 0 • 0 • 0 0 • 0 0 •• 0 • 0 0 • 

Maximum-Signal Plate CUrl'ent ...... 0 0 •• 0 • 0 • 0 0 • 0 •• 0 0 0 • 0 •••• : ••• 0 

Zero-Signal Grid-No.2 Current 0 ••• 0. 0 0 0 •• 00 •• 0. o. 0 o. 0 0 0.00000 ••• 

Maximum-Signal Grid-No.2 Current . 0 • 0 0 0 0 •• 0 ••• 0 •• 0 0 0 0 0 0 ••• 0 ••• 

Plate Resistance (Approx.) .. 0 ••• 0.00. 0 •••••• 0 •• 0 •• 0. o. 0.0.0 •••• 

Transconductance 0 0 • 0 0 •• 0 •• 0 • 0 0 0 0 0 • 0 0 • 0 •••• 0 •• 0 0 0 •• 0 • 0 • 0 0 0 • 0 0 ••• 

Load Resistance ........... 0 .. 0 ....... 0 ...... 0 0 ..... 0 .......... . 

Total Harmonic Distortion 0 0 ••• 0 0 •• 0 • 0 •• 0 • 0 :- •• 0 • 0 • 0 •• 0 • 0 0 0 ; • 0 0 •• 

Maximum-Signal Power Output o. 0 •• 0 0 0 0 0 •••• 0 • 0 0 • , •• 0 • 0 0 •• 0 0 0 •• 

550 
440 

85 
19 

3.3* 

300 
300 

-10 
10 
60 
75 

8 
15 

29000 
10200 

3000 
13 
11 

\'olts 
volts 

mA 
watts 
watts 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
"mhos 

ohms 
per cent 

watts 
• Grid-No.2 input may reach 6 watts during peak levels of speech ~nd music signals. 



TECHNICAL DATA 

4 5 

SEMIREMOTE-CUTOFF 
PENTODE 6GM6 
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~
p 

H3 ::: 6G2 

2 7 
K G3 

I IS 

<>1 

7CM 

4GM6,5GM6 

Miniature type used in gain-controlled picture-if 
stages of color and black-and-white television receivers 
operating at intermediate frequencies in the order of 
40 MHz. Outlines section, 5C; requires 7 -contact socket. 
Types 4GM6 and 5GM6 are identical with type 6GM6 
except for heater ratings. 

Heater Voltage (ac/dc) .........•...••.•..• 
Heater Current ........................... . 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

4GM6 
4.2 
0.6 
11 

5GM6 
5.6 

0.45 
11 

GGM6 
6.;; 
0.4 

volt. 
ampere 
seconds 

Peak value .....................•..•... ±200 max ±200 max ±200 max volts 
volts Average value ........................ . 100 max 100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ...........................• 
Grid No.1 to Cathode, Heater, Grid No.2, 

Unshielded Shielded· 
0.036 max 0.026 max pF 

pF 

pF 

Grid No.3. and Internal Shield ............. . 
Plate to Cathode. Heater, Grid No.2, Grid No.3, 

and Internal Shield ........................• 

o With external shield connected to cathode. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

10 

2.4 

Plate Voltage ........................................•.........• 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-hias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........•••• 

CHARACTERISTICS 
Plate Supply Voltage ......................•..........•......... 
Grid No.3 .................................... ' .. . . . . . .. Connected 
Grid-No.2 SupplY Voltage ....................................... . 
Cathode-Bias Resistor ........................................•. 
Plate Resistance (Approx.) .................................... . 
Tr~nsconductance .............................................. . 
Plate Current ................................. ' ................ . 
Grid-No.2 Current .............................................• 
Grid-No.1 Voltage (Approx.) for transconductance of 60l'mhos •• 

N 

1&1 

~ 
-' 
II. 

10 

o 

TYPE 6GM6 
GRID No. 3 lND INTERNAL SHIELD 

CONNECTED TO CATHODE AT r--
SOCKET. 

GRID-No. 2 VOLTS-125 

I~-

\r 
Ib- EQ.J 

~ 
GRID-No.1 VOL!l!. ECr-' 

, I III ECI-O -1.5 ECI--2.5 -
..... 1..-- . -zV -31 

~1-2 
100 200 300 400 

PL.ATE VOLTS tZCS-I0390Tt 

10 

3.4 

330 volts 
o volts 

330 volts 
See curve page 96 
o volts 

S.l watts 

0.65 watt 
See curve page 96 

126 
to cathode 

125 
56 

0.2 
13000 

14 
3.4 

..--lG 

volt. 
at socket 

volts 
ohms 

megohm 
pmhos 

rnA 
rnA 

volts 
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6G.NS 
8GN8, lOGN8 

HIGH·MU TRIODE­
SHARP·CUTOFF PENTODE 

Miniature type used in color and black-and-white tele­
vision· receiver applications. Triode unit is used as 
syric-separator, sync-clipper, phase inverter, or sound­
if amplifier. Pentode unit is used in output stage of. 
video amplifier. Outlines section, 6E; requires minia-
ture 9-contact socket. For direct interelectrode capaci- 90X 
tances, refer to type 6EB8; curve for average plate characteristics of 
triode unit is same as for type 6EB8. Types 8GN8 and lOGN8 are identical 
with type ,6GN8 except for heater ratings. -, 

Heater Voltage (acldc) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

Peak value ........................... . 
Average value ........................ . 

6GN8 
6.3 

0.75 

8GN8 
8 

0.6 
11 

10GN8 
10.5 
0.45 

11 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage,- ....................... '............. 880 330 

330 Grid-No.2 (Screen-Grid) _ Supply Voltage ... ;...... . 
Grid-No.2 Voltage ... , .. "., ..................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ....................... , ....... , . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 830 volts 

CHARACTERISTICS Triode Unit 
Plate Supply Voltage ... ,.................. 250 
Grid-No.2 Supply Voltage ................. . 
Grid-No.1 Voltage ., ..... , ................. . 
Cathode-Bias Resistor ..................... . 
Amplification Factor ...................... . 
Plate Resistance (Approx.) ................ . 
Transconductance ......................... . 
Plate Current " ......... : ................• 
Grid-No.2 Current ......................... . 
Gl'id Voltage (Approx.) for plate current of 

20 /LA ...•............................. 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /loA ............................. . 

'-2 

100 
37000 

2700 
2 

-5 

See curve page 96 o - 0 
1 5 

1.1 
See curve page 96 

Pentode Unit 
60 200 

150 150 
o 

100 

60000 
11500 

25 
5.5 

-10 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Triode Unit Pentode Unit 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 

volt 
watts 

watts 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
mA 

volts 

volts 

For fixed-bias operation ...................... 0.5 0.25 megohm 
For cathode-bias operation .................... 1 1 megohm 

• This value can be measured by a method involving a recurrent wavefol'm such that the 
maximum ratings of the tube will not be exceeded. 

TYPE 6GN8 
GRID - No.2 VOLTS =150 

I ... GRID-Ho.1 YOLTS ECI"O 
~, _lb 

\r - I -I -- -2 

K- f.--r-- ~C'O'\ -3 
-4 

IV- - - - -- --- -- -- -5 
-6 

o 100 200 300 400 
PLATE ·YOLTS 92C8-11021T/ 
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H 

6GQ7 
TRIPLE DIODE 19GQ7 

Miniature type used in AM/FM radio receivers as a 
I combination FM discriminator and AM detector tube. 

9QM 

Outlines section, 6B; requires miniature 9-contact 
socket. Type 19GQ7 is identical with type 6GQ7 except 
for heater ratings. 

Heater Voltage (ac/dc) ........................•.• 
Heater Current ..................................• 
Heater-Cathode Voltage: 

6GQ7 
6.3 

0.45 

19GQ7 
18.9 
0.15 

Peak value ................................... . 
Average value ............................... . 

+200, -300 max 
100 max 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Voltage ........................................•• 
AC Plate Voltage ............................................. . 
AC Plate Current .............................................. . 
DC Output Current ............................................• 
Minimum Total Effective Plate Supply Impedance ..........••.... 
CHARACTERISTICS (Each Diode Unit) 
Tube Voltage Drop for plate current of 60 rnA ................ .. 

330 
117 

54 
9 

300 

10 

volts 
ampere 

volts 
volts 

volts 
volts 
mA 
mA 

ohms 

volts 

H 

BEAM POWER TUBE 
6GTS 

6GTSA 
12GTS' 

17GT5,17GT5A 

N oval' types used as horizontal-deflection amplifiers in 
television receivers. Outlines section, l7B and 3lA, re-

9NZ spectively; require novar 9-contact socket. For curve of 
average characteristics, refer to type 6GW6. Type 12GT5 and types 17GT5 
and 17GT5A are identical with types 6GT5 and 6GT5A except for heater 
ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ... , ........................• 
Heater Warm-up Time (Average) ... " ....• 
Heater-Cathode Voltage: 

Peak value .... :." .................. .. 

6GT5 
6GT5A 

6.3 
1.2 

12GT5 

12.d 
0.6 
11 

17GT5 
17GT5A 

16.8 
0.45 

11 

::!:200 max ::!:200 max ::!:200 max 

volts 
amperes 
seconds 

Average value ........................ . 100 max 100 max 100 max 
volts 
volts 

Dh'ect Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate .,.,., ................................. . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .. , .' ... . 

Class A1 Amplifier 

CHARACTERISTICS 
Plate Voltage ............................. . 
Grid-No.2 (ScI'een-Grid) Voltage ...........• 
Grid-No.1 (Control-Grid) Voltage ......... . 
Mu Factor, Grid No.2 to Grid No.1 .........• 
Plate Resistance (Approx.) ...............• 
Transconductance .........................• 
Plate Current ............................. . 
Grid-No.2 Current ......................... . 
Grid-No.1 Voltage (Approx.) fOl' plate current 

of 1m A ........................ : ....... . 

Triode 
Connection 

150 
150 

-22.5 
4.4 

0.26 
15 
6.5 

Pentode 
Connection 
60 250 

150 150 
o -22.5 

15000 
7100 

390· 70 
32* .2.1 

-42 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
,umhos 

rnA 
mA 

volts 
* These values can be measured by a method involving a recurrent waveform such that the 
plate dissipation and grid-No.2 input will not exceed their maximum ratings. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage .. ~ ................................. .. 
Peak Positive-Pulse Plate Voltage# ... ; ...•........•••••.• , ...... . 

770 
6500 

volts 
volts 
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Peak Negative-Pulse Plate Voltage .... ' ..........•............... "::'1500 volts 
DC Grid-No;2 Voltage ..... .-: .................................. . 220 volts 
DC Grid-No.1 Voltage ..... .- ... , ........ .- .•...................... -55 volts 
Peak Negative-Pulse Grid-No.1 .Voltage ............................ . -330 volts 
Peak Cathode Current ... ; ..................................... . 550 mA 
Average Cathode Current ..... ~ ................................ . 175 mA 
Plate Dissipation> .....•.•........ ; ............................ . 
Grid-No.2 Input ...... ~ ................................. ; .. ; ... .. 
Bulb Temperature (At hottest point) ..........................•• 

17.5 watts 
3.5 watts 
240 ·C 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance,For. grid-resistor-bias operation> .... 1 megohm 

# Pulse duration must not exceed. 15% of a horizontal scanning cyele (10 microseconds). 
> A bias resistor or other means is required to protect' the tube in absence of excitation. 

6GUS BEAM HEXODE 
2GUS 

Miniature type used as rf amplifier in vhf television 
receivers. Outlines section, 5C; requires miniature 7-
contact socket. Type 2GU5 is identical with type 6GU5 
except for heater ratings. 

Heater Voltage (ac/dc) ....................... '" 
Heater Current ...... .- ..........................•• 
Heater Warm-up Time (Average) ................• 
Heater-Cathode Voltage: 

Peak value .............. ~ ...................... . 
. Average value ......... ' .... ' .................. . 

Direct Interelectrode Capacitances: 

2GUG 
2.4 
0.6 
11 

±200max 
100 ma~ 

Grid No.1 to Plate ..... .- .......... , .......... , ............ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, . 

and Grid No.4 .......... , .......... :,." .... , ............ . 
Plate to Cathode~ Heater. Grid No.2, ~rid No.3, and Grid No.4 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maxim'um Values) 
Plate Voltage ............ .-.; ...... : ........................... .. 
Grid-No.3 (Screen-Grid) Voltage: 
DC Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ........ , .........•.•..................... 
Negative-bias value ........................................ . 

Average Cathode Current ....................................... . 
Plate Dissipation .......•........................................ 
Grid-No.3 Input ., .........•................ , ................... . 
CHARACTERiSTICS . 
Plate Voltage ..................................... . 
Grid-No.3 Voltage ............................... . 
Grid-No.1 Voltage ................................ . 
Plate Resistance (Approx.) ....................... . 
Transconductance .... : .... ; ...................... . 
Plate Current ... , ....... ; ..... , .................. . 
Grid-No.3 Current .................. '. , . , ...... , .. . 
Grid-No.1 Voltage (Approx.) for transconductance of 

100 IImhos ...... , .. , .......................... . 
MAXIMUM CIRCUIT VALUE 

135 
135 

-0.4 
0.67 

15000 
9 

0.25 

-6.2 

Grid-No.1-Circuit Resistance, for fixed-bias operation ...........• 

6GU7 MEDIUM-MU TWIN TRIODE 

Miniature type used in the matrixing circuits of color 
and black-and-white telev,ision receivers and in phase­
inverter, multivibrator, arid general-purpose amplifier 
applications. Outlines section, 6E; requires miniature 
9-contact socket. . 

GGUG 
6.3 volts 

0.22 ampere 
seconds 

±200'max volts 
100 max volts 

0.018 pF 

7 pF 
3.2 pF 

300 volts 
150 valts 

,0 voits 
-50 volts 

20 mA 
3 watts 

0.16 watts .' 

275 volts 
135 volts 

-0.4 volts 
0.165 megohms 
15500 /Lmhos 

10 mA 
0.17 mA 

-6.5 volts 

0.5 megohm 

H 

9lP 



TECHNICAL DATA 

Heater> Voltage (ae/de) ......................•................• 
Heater Current > > ..... > ...... > ............. > ....................• 
Heater Warm-up Time (Average) ............................... . 
Heatel'-Cathode Voltage: 

Peak value . > ........................... > ................. , .. 
Average value ................ >. >. >. > > ............ > ...... > .. 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate ....... > . . . . . . . . . . . . . . . . . . . . . . . . S 
Grid to Cathode and Heater .................. 3.4 
Plate to Cathode and Heater ... > . > .... : . . . . . . . 0",4 

Plate of Unit No.1 to Plate of Unit No.2 > ............... 1 

Class At Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ...... > > > > .......... > ............................• 
Grid Voltage, Positive-bias value ..... > ......................... . 
Plate Dissipation ..................... > .............•••......... 
CHARACTERISTICS 
Plate Voltage .. : .........................................•..... 
Grid Voltage . > .. > ...................................•.••....... 
Amplification FactOl' > ... > > > ..........................••........ 
Plate Resistance (ApPl'OX.) .......... > .............••.•......•• 
Transconductance .............................................. . 
Plate Current . > .................. > ............................. . 
Grid Voltage (Approx.) for plate CUl'1'ent of 50 p.A .............• 
Plate Current for grid voltage of -14 volts .........•.........• 
MAXIMUM CIRCUIT VALUE 
Grid·Circuit Resistance, for fixed-bias operation .............•..•• 

'f/) 

III 
0: 

~ 
::E 
~40 
>..1 

i30 
III 

!;:20 
..I 
IL 

10 

TYPE6GU7 

!---...... '" 
,p; 

~~ >$ 

V.,../ 
o 100 . 

-P; 
0 

/ 1 ,~ 

.,..,/y ~ --200 300 400 
PLATE VOLTS 

92CS-1I9&6T1 
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6.3 volts 
0.6 ampere 
11 seconds 

±200 max volt. 
100 max volts 

Unit No_Z 
3 pF 

3.6 pF 
0.34 pF 

pF 

330 volts 
0 volts 
3 watts 

250 volts 
-10.5 volts 

17 
5500 ohms 
3100 p.mhos 
11.5 mA 
-23 volts 

4 mA 

megohm 

Ne G2 
BEAM POWER TUBE 6GVS 

17GV5 

I 
H 
12DR 

Duodecar type used as horizontal-deflection amplifie1' 
in television receivers. Outlines section, l6A; requires 
duodecar l2-contact socket. Type l7GV5 is identical 
with type 6GV5 except for heater ratings. 

Heater Voltage (ac/dc) .......................... . 
Heater Current ..................................• 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ................................ . 

Class Al Amplifier 

6GV5 
6.3 

1.2 

±200max 
100 max 

17GV5 
16.8 volts 

0.45 ampel'es 
11 seconds 

±200 max volts 
100 maX volts 

CHARACTERISTICS 
Triode· 

Pentode Connection Connection 
Plate Voltage .. : ......................... .. 
Grid-No.2 (Screen-Grid) Voltage ...........• 
Grid-No.1 (Control-Grid) Voltage ...•••.••• 

5000 60 250 150 
~o ~O UO lW 

o -22.5 -22.5 

volts 
volts 
volts 
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Plate Resistance ,(Approx.) •.•............. 
Transconductance " .........•..............• 
Amplification Factor ..... ; ................ . 
Plate Current ........................... . 
Grid-No.2 Current .. : .......... : ........... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 1 mA .. .............................. -100 

* Grid No.2 tied to plate. 

345' 
27" 

1S000 
7300 

65 
1.S 

-42 

• This value can be measured by a method involving a recurrent waveform 
maximum ratings of the tube will not be exceeded. 

, Horizontal-Deflection Amplifier 
For operation in a. 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ............................•...•.•••••.. 
Peak Positive-Pulse Plate Voltage# ........................••••.• 
Peak Negative-Pulse .Plate Voltage .... : .......... , ............. . 
DC Grid-No.2 Voltage .......... : .. , .........................•.. 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
DC Grid-No.1 Voltage .................. : ...................... . 
Peak Cathode Current ., ....................................... . 
Average Cathode Current ...................................... . 

~~~:J.!~2Si¥~~~ft . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Bulb Temperature (At hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE , 

770 
6500 

-1500 
220 

-330 
-55 

650 
175 

17.5 
3.5 
220 

4.4 

such 

ohms 
pmhos 

mA 
mA 

volts 

that the 

volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·C 

Grid-No.l-Circuit Resistance ..................................... 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

6GV8 HIGH-MU TRIODE­
POWER PENTODE 

lIGV8 

Miniature type used for sync-amplifier and video-out­
put applications in television receivers. Outlines see­
tion, 6G;. requires miniature 9-contact socket. Type 
9GV8 is identical with type 6GV8 except for heater 
ratings. . 

Heater Voltage· (ac/dc) .......................... .. 
Heater Current ........ '. ~ ........................• 
Peak Heater-Cathode Voltage ..................... . 

Class A1 Amplifier 

6GV8 
,6.3 
0.9 

±220 max 

MAXIMUM RATINGS (AbsOltCte-Maximum Values) Triode Unit 
Plate Supply Voltage ... ','" .•..••..•...• ; . . . • . . • • • 550 
Peak Plate Voltageo, ..... :.,/ ..... ' ... ~ ............. .. 
DC Plate Voltage ....... : •. ,~ ••• ; .. : ............. ; ..• 
Grid-No.2 ,(Screen-Grid) Sappf¥ Voltage .........• 
Grid-No.2 Voltage ........... :~ ......................... . 
Peak Cathode Current- ............................. . 
Average Cathode Current ...... , ..................•• 
Plate Dissipation .; •. .' ....... ~~; .• ~ ................... .. 
Grid"No.2b1put ..................... ' .••••.••.•.••• 
CHARACTERIStICS 

250 

200 
15 

0.5 

Plate Voltage .. .. ............. .. .. ......... .. .... .•. 100 50 
Grid-No.2 Voltage .......... :.......................... 170 
Grid-No.1 Voltage ......... ; ........................... -{l.S -1 
Amplification Factor ........ : .. ". . . . . . . . . . . . . . . . . . . . . . . . 50 
Mu-Factor. Grid No.1 to Grid No.2 ................. . 
Plate Resistance (Approx.~ ........................... 7600 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6500 
Plate 'Current .......................... ;............... Ii 200-
Grid-No.2 Current ........ ; ......... :.................... 40-
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Cireult ~istance: 

For fixed-bias oPeration ..................... . 
For cathode-bias operation. . .................. . 

1 
3.3 

9LY 
9GV8 
, 9.5 volts 

0.6 ampere 
±220max volts 

Pentode Unit 
550 volts 

21>00 . volts 
. 250 .vOlts 

550 volts 
250 volts 

mA 
75 ~ IliA 
7 watts 
2 watts 

65 170 volts 
210 170 volts 
-1 -15 volts 

7 
-25000 ohms 

7500 pmhos 
240- 41 mA 

50- 2.7 rnA 

1 megohm 
2.2 megohms 

• Maximum" pulse' dUration I> per cent of a cycle with a maximum of 1 millisecond. 
" Maximum pulse duration, 200· microseconds. If a larger fiyback is required, this value may 
be reduced to 100 mA with ... maJdmum pulse duration of 400 microseconds. 
- This value ean be measured by' a method involving a recurrent' waveform such that the 
maximum tube ratings will not be exceeded. . 
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6GW6 

6GW6/ 
6DQ6B 
12GW6/12DQ6B 
17GW6/17DQ6B 

~
G!P5GI 

8 
K 

<:3 

6AM 

Glass octal type used as horizontal-deflection amplifier 
in high-efficiency deflection circuits of television re­
ceivers. Outlines section, 20; requires. octal socket. 
Types 12GW6/12DQ6B and 17GW6/17DQ6B are iden­
tical with type 6GW6/6DQ6B except for heater rat-
ings. 

Heater Voltage ae/de) ................... . 
Heater Current ........................... . 
Heater Warm-up Time Avel'age) .........••• 
Heater-Cathode Voltage: 

Peak value ...........................• 
Average value ........................ . 

Direct Intereleetrode Capacitances (Approx.): 

6GW6/ 
6DQ6B 

6.3 
1.2 

12GW6/ 
12DQ6B 

12.6 
0.6 
11 

±200 max ±200 max 
100 max 100 max 

Grid No.1 to Plate ........................... ',' ............ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .....• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 . 

Class A1Amplifier 
CHARACTERISTICS 

17GW6/ 
17DQ6B 

16.8 
0.45 

11 

±200'max 
100 max 

0.5 
17 

7 

Triode 
Connection 

150 
Pentode Connection 

Plate Voltage ..............................•.. 
Grid-No.2 Voltage .......................... : . 
Grid-No.1 Voltage ...................... ; .... . 
Mu-factor, Grid No.2 to Grid No.1 ........... . 
Plate Resistance (Approx.) .................. ;. 

~1::coC~~;:~"" .. ::::::::::::::::::::::::: ::::: 
Grid-No.2 Current ...... : ..................... '. 
Grid-No.1 Voltage (Approx.) for plate current of 

1 rnA .. ' .................................. . 

150 
-22.5 

4.4 

60 250 
160 160 

o -22.5 

390· 
32* 

15000 
7100 

70 
2.1 

~42 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
I'mhos 

mA 
rnA 

'volts 
.. This value can be measured by a method. involving a ·.reeUl'rimt waveform such that the 
maximum ratings of the tube will not be exceeded •. 

TYPE 6GW6/6DQ6IJ 
GRID-.No.2 VOLTS-150 

! J .I·Eb.Q . GRID-No.1 VOLTS I 

l ib ",5 

ftfC<2 -10, 

r tIS 
.~CI"O .40 

r "'- -25 
. L- ,-. 

.-
5 

volts 
volts 
volts 
volts 
volts 
volta 
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Peak Cathode Current ........................................ ~ • 
Average Cathode Current ..................................... . 
Plate Dissipation. . ...•.....................•....•.............• 
Grid-No.2 Input .. : ............................................• 
Bulb Temperature (At hottest point) ....•....................... 
MAXIMUM CIRCUIT VALUES 

$50 
175 

17.5 
3.5 
240 

rnA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance, For grid-resistor-bias operation .... 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• A bias - resistor or othe~ means is required to protect the tube in absence of excitation. 

6GWS/ 
ECLS6 

HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

H 

G:!p 3 
Miniature type used in preamplifier and audio output 
stages of audio equipment and television receivers. Kr 2 

Outlines section, 6G; requires 'miniature 9-contact r-.~....:;,"" 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.7; maxi­
mum heater-cathode volts, 100 peak. 

Class A, Amplifier 
9LZ 

MAXIMUM _ RATINGS (Design-Center Values) Triode Unit 
Plate Supply Voltage.............................. 550 

Pentode Unit 
550 

Plate Voltage .................................... 300 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ............. ; .................. . 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value 
Cathode Current ................................. . 
Plate Dissipation .................................• 
Grid-No.2 Input .••..•..........................•• 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ............... , .............. .. 
Grid-No.1 Voltage ............... : ...............• 
Amplification Factor ....... :~-................... .. 
Plate Resistance (Approx.) ........................• 
Transconductance ............................ ; ... . 
Plate Current .................................... . 
Grid-No.2 Current ....... .-........ : ..............• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance, for fixed-bias op!,ration 

• Grid No.2 to grid No.1. 

-1.3 
4 

0.5 

250 

-1.9 
100 

1600 
1.2 

1 

300 
550 
300 

-1.3 
55 

9 
1.5 

250 
250 
-7 

21· 
45000 
10000 

36 
6 

0.5 

6GY8 Refer to chart at end of section. 

SHARP-CUTOFF PENTODE 

volts 
volts 
volts 
volts 
volts 
rnA 

watts 
watts 

volts 
volts 
volts 

ohms 
pmhos 

mA 
rnA 

megohm 

6GX6 
5GX6 

Miniature type used in color and black-and-white tele­
vision receivers and for FM sound-detector service in 
locked-oscillator, quadrature-grid FM detector cir­
cuits as combined detector, limiter, and audio-voltage 
driver. Tube has two independent control grids. Out­
lines section, 5C; requires miniature 7~contact socket. 
Type 5GX6 is identic,al with type -6GX6 -except for 

~
4 sP 

H 3 6 G2 --- ' 

K 7 G3 

1$ I 
G 

heater ratings. --

Heater Voltage (ae/dc) .......................... . 
Heater Current ' ................ -..... .-. ; ... , ...... . 
Heater -Warm-up Time (Average) ............ : ...•• 
Heater-Cathode Voltage: 

Peak value ..............................•••.• 
Average value ............. ' ..... : .... : . , .... .. 

Direct Interelectrode Capacitances (Approx.): 

5GX6 
4:7 
0.6 
11 

±200max 
100 max 

Grid No.1 to Plate ............. -............................ . 
Grid NO,l -to Cathode, Heater, Grid No.2. Grid No.3, _and 

Internal Shield .. ,,, ........... ; ......................... . 
Grid No.1 to _Grid No.3 .. .-................................ .. 

7EN 

6GX6 
6.3 volts 

0.45 ampere 
11 seconds 

±200max volts 
100 max volts 

0.026 pF 

8 pF 
0.12 pF 



TECHNICAL DATA 

Grid No.3 to P.late .......... '-I ........................... .. 
Gl'id No.3 to Cathode, Heater, (jrid No.1, Grid No.2, Plate, 

and Internal Shield •................ ; ....... : ..... ; .....• 

Class Al Amplifier 
CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid-No.3 Supply Voltage ..................................... . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance, grid No.1 to plate ...........................• 
Transconductance, grid No.3 to plate ........................... . 
Plate Current .................................................• 
Grid-No.2 Current ............................................. . 
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 /LA .• 
Grid-No.1 Supply Voltage (Approx.) for plate current of 20 /LA •• 

FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .......................................••••••••..•• 
Grid-No.3 (Control-Grid) Voltage: 

Negative value (dc and peak ac) ...................•.....• 
Positive value (dc and peak ac) ........................... . 

Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage .............................................• 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ...........................•............. 
Positive-bias value ......................................... . 

Plate Dissipation .........................................•..... 
Grid-No.3 Input ........................................••..•..• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ....................... . 
For grid-No.2 voltages between 160 and 300 volts ..........•• 

,MAXIMUM CIRCUIT VALUES 
Grid-No.8-Circuit Resistance ................................... . 
Grid-No.1-Circuit Resistance: , 

For fixed-bias operation : .................................. . 
For cathode-bias operation ................................. . 

TYPE 6GX6 TYPE 6GX6 
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1.6 pF 

6.6 pF 

150 volts 
0 volts 

100 volts 
0 volts 

180 ohms 
0.14 megohm 
8700 /Lmhos 

760 /Lmhos 
3.7 rnA 

3 mA 
-7 volts 

-4.6 volts 

300 volts 

-100 volts 
26 volts 

300 volts 
See curve page 96 

-50 volts 
0 volts 

1.7 watts 
0.1 watt 

1.0 watt 
See curve page 96 

0.68 megohm 

0.22 megohm 
0.47 megohm 

GRID-No.3 VOLTS' 0 
GRID-No.2 VOLTS-IOO 

GRID -No.2 VOLTS' 100 
GRID -No. I VOLTS - 0 . 

o 

9QA 

-I 

-2 

300 
92CS-Il002T 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

'2CS-IlOO3T 

6GX7 
·4GX7,5GX7 

Miniature type used as combined oscillator-mixer tube 
in vhf tuner circuits of color and black-and-white tele­
vision receivers. Outlines section, 6B; requires minia­
ture 9-contact socket. Types 4GX7 and5GX7 are iden­
tical with type 6GX7 except for heater ratings. 

Heater Voltage (ae/de) .................. .. 
4eX? 

4.2 
0.6 
11 

SGX? 
5.6 

0.46 
11 

8GX7 
6.3 
0.4 

volts 
ampere Heater Current ...........................• 

Heater Warm-up Time ................... . 
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Heater-Cathode Voltage: 
Peak value ............................. ±200 max ±!1l0 max 
Average value ......................... 100 max 100 max 

Direct Interelectrode Capacitances :** 
Triode Unit: .. 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield ..................................... . 
Plate to Cathode, H~ater, Pentode Cathode, Grid No.3, 

and Internal Shield .....................................• 
Pentode Unit: 

Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Grid No.1 to Grid No.2 ..................................... . 

•• With external shield connected to ~athode. 

Class A, Amplifier 

±200 max 
100 max 

1.2 

2.3 

1.9 

0.005 

5.4 

3.3 
1.6 

MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ......................... , ............ . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ...... ~ .................... . 
Negative-bias value .... : ..................... . 

Cathode Current ................................. . 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 131.5 volts ...... . 
For grid-No.2 voltages between 137.5 and 

275 volts .................................. . 
CHARACTERISTICS , , Triode Unit 
Plate Voltage ................... 100 125 
Grid-No.2 Voltage .............. . 
Grid-No.1 Voltage .............. . 
Grid-No.1-Circuit Resistance ..... . 
Amplification Factor ........... . 
Plate Resistance ............... . 
Transconductance ............... . 
Plate Current ................... . 
Grid-No.2 Current .............. . 
Grid-No.1 Voltage for plate cllrl'ent 

of 20 /LA ..... ' .............. . 
MAXIMUM CIRCUIT VALUES 
Gdd-No.l-Circnit Resistance; 

0.1 
40 

8700 
12.5 

-6 

-1 

4700 
8500 

13 

For fixed-bias operation .................•.... 
For cathode-bias operation ...................• 

275 275 
275 

See curve page 96 

o 0 
-40 -40 

20 20 
1.5 2.2 

0.45 

See curve page 96 
Pentode Unit 
120 125 

90 125 

0.1 

13000 
8.5 
2.8 

-2.5 

-1 

200000 
11000 

8.0 
2.5 

Triode Unit 
0.5 

Pentode Unit 
0.25 

1.0 0.6 

6GY5 
16GY5, 2lGY5 BEAM POWER TU BE 

Duodecar type used as horizontal-deflection amplifier 
in television receiverS. Outline,; section, l6A; requires 
duodecar l2-contactsocket.. Types l6GY5 and 2lGY5 
are identical with type uGY5 except for heater ratings. 

12DR 
21GY5 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

volts 
mA 

watts 

watts 

volts 
volts 
volt 

megohm 

ohms 
/Lmhos 

mA 
mA 

volts 

megohm 
megohm 

Heater Voltage (ac/dc) ...................• 
6GY5 

6.3 
1.5 

16GY5 
16.8 
0.6 
11 

21 volts 
Heater Current ...........................• 0.45 amperes 
Heater Warm-up Time (Average I ......... . 
Heater-Cathode Voltage: 

11 'seconds 

Peak value ........................... . ±200 maK ±200 max ±200 max volts 
Average value ........................ . 100 max 100 max 100 max volts 

CHARACTERISTICS 
Class Ai Amplifier 

. " 

Pentode Connection 
Plate Voltage ...................... . 5000 60 130 
Grid-No.2 (Screen-Grid) Voltage .... . 
Grid-No.1 (Control-Grid) Voltage ..•• 

130 130 130 
o -20 

Tri~det 
Connection 

130 
130 

-20 

volts 
volts 
volts 
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AmI)lification Factor ...............• 
Plate Resistance (Approx.) .........• 
Transconductance .................. . 
Plate Current ..................... . 
Grid-No.2 Current .................. . 

410*' 
24M 

11000 
9100 

60 
1.75 

4.7 

289 

ohms 
/Lmhos 

mA 
rnA 

Grid-No.1 Voltage (Approx.) for plate 
CUlTent of 1 /LA .............. -·66 -33 volt • 

•• This value can be measured by a method involving a reCUl'rent wavefOl'm such that the 
maximum ratings of the tube will not be exceeded. 
l' Grid No.2 tied to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Pe"k Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ....................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation tt ............................................ . 
Grid-No.2 Input ................ . ............................ . 
Bulb Temperature (At hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE: 

Grid-No.1-Circuit Resistance .................. , ................ . 

770 
6500 

-1500 
220 

--55 
-330 

800 
2ao 

18 
3.5 
220 

volts 
volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

'0 

megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
tt A bias resistor or other means is required to protect the tube in absence of excitation. 

SHARP-CUTOFF PENTODE 6GY6 
~

4 5P 

H 3 ::: 6 G2 

---
'" 2 . 7 G:s 

1$ I 
GI 

lEN 

Miniature type used in gated-agc-amplifier circuits and 
as a noise-inverter tube in color and black-and-white 
television receivers. Tube has two independent control 
grids. Outlines section, 5C; requires miniature 7-con­
tact socket. For curves of average characteristics, refer 
to type 6GX6. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ............................................... .. 
Heatel' Warm-up 'l'ime (Average) .............................. . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value .............................................. . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ............................................ . 
Grid No.1 to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield ............................................ . 
Grid No.1 to Gdd No.3 ................................... . 
Grid No.3 to Plate ........................................ . 
Grid No.3 to Cathode. Heater. Plate, Grid No.1, Grid No.2. 

and Internal Shield ........................... . 

Class Al Amplifier 
CHARACTERISTICS 
Plate SUpply Voltage .......................................... . 
Gdd-No.3 Supply Voltage ..................................... . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 Supply Voltage ...................................... . 
Cathode-Bias Resistor ..................... ' .................... . 
Plate Resistance (Approx.) .................................... , 
Transconductance. Grid No.1 to Plate .......................... . 
Transconductance, Grid No.3 to Plate ......................... . 
Plate Current ................................................... . 
Grid-No.2 Current ............................................. . 
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 /LA .. 
Grid-No.1 Supply Voltage (Approx.) for plate current of 20 /LA •• 

6.3 
0.45 

11 

±200max 
100 max 

0.026 

8 
0.12 

1.6 

6.5 

150 
o 

100 
o 

180 
0.14 
3700 
750 
3.7 

3 
-7 

-4.5 

volt. 
ampere 
seconds 

volts 
volts 

pF 

pF 
pF 
pF 

pF 

volts 
volts 
volts 
volts 
ohms 

megohm 
/LmhoA 
/Lmhos 

rnA 
rnA 

vf'lt. 
volts 
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Gated AGe Amplifier and Noise Inverter 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................• 
Peak Positive-Pulse Plate Voltage# ..................•••........ 
Grid-No.8 (Control-Grid) Voltage: 

Negative-bias value ........................................ . 
Positive-bias value .......................................•• 

Grid-No.2 (Screen-Grid) Supply Voltage ......................•• 
Grid-No.2 Voltage ..............................................• 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ......................................•• 
Positive .. bias value ........................................ . 

Plate Dissipation ......................................•......•• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ................•.•••• 
For grid-No.2 voltages between 150 and 300 volts .......•.••• 

MAXIMUM CIRCUIT VALUES 
Grid-No.8-Circuit Resistance ............•.........••.•.•..••••• 
Grid-No.I-Circuit Resistance: 

For fixed-bias operation ...................................• 
For cathode-bias operation ................................. . 

300 
600 

volts 
volts 

-100 volts 
o volts 

800 volts 
See CUl'Ve page 96 

-50 
o 

1.7 

volts 
volts 

watts 

1 watt 
See curve page 96 

0.68 megohm 

0.22 megohm 
0.47 megohm 

# Pulse duration must not exceed 15% of a hOl'izontal scanning cycle (10 microseconds). 

6GZ5 POWER PENTODE 
4GZS 

Miniature type used in audio output stages of radio 
and television receivers. Outlines section, 5C; requires 
miniature 7-contact socket. Type 4GZ5 is identical with 
type 6GZ5 except for heater ratings. 

Heater Voltage (ac/dc) ..........................•• 
Heater Current ...................................• 
Heater Warm-up Time (Average) ..............•• 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ................................ . 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

4GZ5 
4 

0.6 
11 

±200max 
100 max 

Plate Voltage .........................................•••••••••• 
Grid-No.2 (Screen-Grid) Voltage ...................... ; ......... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............• 
Average Cathode Current .......................................• 
Plate Dissipation ...............................................• 
Grid-No..2 Input .............. : ................................. . 
Bulb temperature (At hottest point) ........•............ : .......• 
TYPICAL OPERATION 
Plate Supply Voltage .....................•.......•. 
Grid-No.2 Supply Voltage .........................• 
Cathode-Bias Resistor ............................. . 
Peak AF Grid-No.1 Voltage ........................• 
Zero-Signal Plate Current ......................... . 
Maximum-Signal Plate Current .................... . 
Zero-Signal Grid-No..2 Current .. ' ................... . 
Maximum-Signal Grid-No.2 Current ................ . 
Plate Resistance (Approx.) ...............•......... 
Transconductance ................................. . 
Load Resistance " ................................ . 
Total Harmonic Distortion ......................... . 
Maximum-Signal Power Output ....................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

250 
250 
270 
9.8 
16 
16 

2.7 
5 

15000 
10 

1.8 

For fixed-bias operation ....................••..•.••••.••.•••• 
For cathode-bias operation .................................. . 

- Bypassed. 

~
H GI 

4 5 

H 3 b Gz 

, ---
2 7 

G~ P 
I 

K 
G;s 

7CV 
6GZ5 

6.3 volts 
0.38 ampere 

seconds 

±200 max volts 
100 max volts 

300 volts 
300 volts 

0 volts 
30 rnA 
4.8 watts 
1.1 watts 

200 ·0 

250 volts 
250 volts 
270- ohms 

2 volts 
16 mA 
16 mA 

2.7 mA 
5 mA 

0.15 megohm 
8400 /Lmhos 

15000 ohms 
10 per cent 

1.1 watts 

0.5 megohm 
1 megohm 

6H6 

6H6GT 

Refer to chart at end of section. 

Refer to chart at end of section. 
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HIGH-MU TRIODE 6HAS 

~
H4 sP 

tl3 ___ 6 1S 

I< 2 . 1 K 

1 
61 

7GM 

2HA5,4HA5 
Miniature type used as rf-amplifier tube in vhf tele­
vision tuners. Outlines section, 5A; requires miniature 
7 -contact socket. Type 6HA5 is electrically identical 
with type 6HM5/6HA5. Related types 2HA5 and 4HA5 
are electrically identical with type 6HA5 except for 
heater voltages of 2.2 and 3.9 volts and heater cur­
rents of 0.6 and 0.3 ampere, respectively. 

Ie 
BEAM POWER TUBE 6HBS 

21HB5 

I 

1\ 

128J 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. Type 21HB5 is identical 
with type 6HB5 except for heater ratings. 

Heater Voltage (ac/dc) ..........................• 
Heater Current ..................................•• 
Heater Warm-up Time (Average) ................•• 
Heater-Cathode Voltage: 

68B5 
6.3 
1.5 

218B. 
21 

0.45 
11 

Peak value ...................................• 
Average value ................................• 

±200 max ±200max 
100 max 100 max 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ...................... . 
Grid-No.2 (Screen-Grid) Voltage ..... . 
Grid-No.1 (Control-Grid) Voltage ..... . 
Amplification Factor ................ . 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 rnA ............... . 

* Grid No.2 tied to plate. 

Pentode Connection 
5000 60 130 

130 130 130 
o -20 

11000 
9100 

410· 50 
24- 1.75 

-66 -33 

Triode· 
Connection 

130 
130 

-20 
4.7 

volts 
amperes 
seconds 

volts 
volts 

volts 
volts 
volts 

ohms 
pmhos 

mA 
mA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak Negative-Pulse Plate Voltage .............................• 
DC Grid-No.2 Voltage .......................................... . 
DC Grid-No.1 Voltage .......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current .......................................... . 
Average Cathode Current .......................................• 

a!iJ~N~.i~s!fn~!~n~ . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Bulb Temperature (At hottest point) ............................• 
MAXIMUM CIRCUIT VALUE 

770 
6000 

-1500 
220 

-55 
-330 

800 
230 

18 
3.5 
220 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
rnA 

watts 
watts 

'C 

Grid-No.1-Circuit Resistance ..................................... megohm 

# Pulse duration must not exceed 15% ofa horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 
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6HB6 POWER PENTODE 
l5BB6 

Miniature type used as vertical-deflection amplifier in 
color and black-and-white television receivers. Outlines " 
section, 6G; requires 9-contact socket. Type 15HB6is 
identical with type 6HB6 except for heater ratings. 

Heater Voltage (ac/dc) ........................•••• 
Heater Current ...................................• 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ...................... ' ............•. 
Average value ................................• 

CHARACTERISTICS 
60 

GBBS 
6.3 

0.76 

±200max 
100 max 

260 

H 

9NW 
15BB6 

14.7 
0.3 
11 

±200 max 
100 max 

260 

volts 
ampere 
seconds 

volts 
volts 

volts Plate Supply Voltage ..........•.............•• 
Grid No.3 .....................................• Connected to cathode at socket 
Grid-No.2 Supply Voltage ...................... . 260 126 250 
Grid-No.1 Voltage ............................. . 0 
Cathode-Bias Resistor ......................... . 33 100 
Mu-Factor, Grid No.2 to. Grid No.1 ............. . 33 
Plate Resistance (Approx.) .................... . 
Transconductance ," ............................ . 

28000 24000 
24000 20000 

Plate Current ................................ . 150· 40 40 
Grid-No.2 Current ............................. . 37· 4..2 6.2 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 p.A ................................ . -6.4 -13 
• This value can be measured by a method involving a recurrent waveform such 
maximum ratings will not be exceeded. 

Vertical-Deflection Amplifier 
For operation in a 525 .. line, SO .. frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................... . 
Peak Positive-Pulse Plate Voltage# ............................. . 
DC Grid-No.2 (Screen-Grid) Voltage ............................. . 
DC Grid-No.1 (Control-Grid) Voltage ............................ . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 

360 
2500 
300 

-100 
10 

2 

volts 
volts 
ohms 

ohms 
p.mhos 

mA 
mA 

volts 

that the 

volts 
volts 
volts 
volts 

watts 
watts 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circu.it Res'is;t,al,lce: 

For fixed-bIas operatIOn ...................................... 1 megohm 
For cathode-bias operation ................................... 2.2 megohms 

# Pulse duration must not exceed 16% of a vertical scanning cycle (2.6 milliseconds). 

6HB7 
5BB7 

MEDIUM·MU TRIODE­
SHARp·CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHz. Outlines section, 6B; requires miniature 9-
contact socket. Type 5HB7 is identical with type 6HB7 
except for heater ratings. 

Heater Voltage (ac/dc) ......................... .. 
Heater Current ...................................• 
Heater Warm-up Time (Average) ..................• 
Heater-Cathode Voltage: 

·6BB7 
4.7 
0.6 
11 

SBB7 
6.3 

0.45 
11 

9QA 

Peak value ............................... .. ±200 max ±200 max 
Average value ............... , ........... .. 100 max 100' max 

Direct Interelectrode Capacitances:A 
Triode Unit: 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Pentode Grid No.8, and Internal Shield 

1.9 
3 

1.9 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 



(/) 

TECHNICAL DATA 293 

Fentode Unit: 
Grid No.1 to Plate ••.................. _ . _ _ _ _ _ _ _ _ _. __ . _ ... _ . 0.010 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........... _ .. __ . _ ... _ . __ . _ .. __ ... _ ... _ . . . . . 5 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield ............ .. .. .. .. .. .. .. .. . .. .. .. .. . .. .. .. .. .. . .. . 3.4 pF 
Heater to Cathode' ........... _ ........ _...................... 3.8 pF 

A With external shield connected to cathode except as noted • 
• With external shield connected to ground. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage............ 330 
Grid-No.2 Voltage ........ _ .... _................... See curve page 96 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ............................ . 
Plate Dissipation ................................•• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage .............................• 
Grid-No.2 Supply Voltage ......................... . 
Grid-No.1 Supply Voltage .........................• 
Cathode-Bias Resistor .............................• 
Amplification Factor ..............................• 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................•• 
Plate Current ....................................• 
Grid-No.2 Current ........ _ .. _ .. _ .................• 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A ........................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias operation ................•..••• 

TYPE 6HB7 
TRIODE UNIT 

o 
2.5 

150 

o 
56 
40 

0.005 
8500 

18 

-12 

0.5 
1 

TYPE 6HB7 

o 
3.1 

0.55 
See curve page 96 

125 
125 
-1 

0.2 
6400 

12 
4 

-9 

PENTODE UNIT 
GRID -No.2 VOLTS -125 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volts 
ohms 

megohm 
p.mhos 

rnA 
mA 

volts 

megohm 
megohm 

~50~-+--4---~-+~1---t--+---r--i 
'" II. 

3 401--t--+--r, 
:; 
~ 301--t--+-. 
Ia.I !i 20 

/ 
C. 

0 
-0.5 

GRID-N I VOLTS ECI=-I-

-U;_ 
t.CI-O .... IC2'c 

.k- - -- --- _.1 -2.5 - -- -- -~\~ 
it 

10I--I7'Y~bq.<71f7""t;;""-:1 

o 

I> Ne 

t 
H 

1ZEY 

CHARACTERISTICS 

- --- --
o 100 200- 400 

S2CS-SB66T PLATE VOLTS .92CS-9867T1 

BEAM POWER TUBE 6HE5 

Duodecar type used as vertical-deflection amplifier in 
television receivers. Outlines section, 8D; requires duo­
decar 12-contact socket. Heater: volts (ac/dc), 6.3; am­
peres, 0.8; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class A,Amplifier 

Plate Voltage _ ...............•.................... 60 
250 

o 
250 
250 

-20 

volts 
volts 
volts 

Grid-No.2 (Screen-Grid) Voltage ...................• 
Grid-No.1 (Control-Grid) Voltage ................. . 
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Plate Resistance (Approx.) .....................••• 
Transconduc1;ance ................................ . 
Plate Current ....................................• 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p,A ...................................... .. 
• This value can be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

180· 
20· 

recurrent 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design~Maximum Values) 
DC Plate Voltage .............................................. . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Grid-No.2 Voltage .............................................. . 
Peak Cathode Current .......................................... . 
Average Cathode Current ....................................... . 
Plate Dissipationt ...................... : ....................... . 
Grid-No.2 Inputt ............................................... . 
Bulb Temperature (At hottest point) ............................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

50000 
4100 

43 
3.5 

-50 

waveform 

350 
2500 

300 
260 

75 
12 

2.75 
200 

such 

ohms 
p,mhos 

mA 
rnA 

volts 

that the 

volts 
volts 
volts 
mA 
rnA 

watts 
watts 

·C 

For fixed-bias operation ..................................... 1 megohm 
For cathode-bias operation ................................... 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
t A resistor or other means is required to protect the tube in absence of excitation. 

6HF5 BEAM POWER TUBE 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out­
lines section, 16B; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 6.3; amperes, 2.25; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class A. Amplifier 

CHARACTERISTICS 
Plate Voltage ...................... . 
Grid-No.2 (Screen-Grid) Voltage ..... . 
Grid-No.1 (Control-Grid) Voltage .... . 
Amplification Factor ................ . 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 rnA ................ . 

• Grid No.2 tied to plate . 

Pentode Connection 
6000 70 175 

125 125 125 
o -25 

5600 
11300 

570· 125 
34. 4.5 

-140 -54 

Triode 
Connection 

125 
125 

-25 
3 

volts 
volts 
volts 

ohms 
ILmhos 

mA 
mA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation .in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ...................................... . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ....... . 
Peak Negative-Pulse Plate Voltage .............................. . 
DC Grid-No.2 Voltage .......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ................................ ; ......... . 
Average Cathode Current ..............•......................... 
Plate Dissipationt .............................................. . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ...........................• 
MAXIMUM CIRCUIT VALUE 

900 
7500" 

-1100 
190 

-250 
IHIO 
315 
28 

5.5 
225 

volts 
volts 
volts 
volts 
volts 

mA 
rnA 

watts 
watts 

·C 

Grid-No.I-Circuit Resistance ..................................... megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
.. Under no circumstances should this absolute value be exceeded. 
t A bias resistor or other means is required to protect the tube in absence of excitation. 
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HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

6HF8 
IOHF8 

Miniature type used in color and black-and-white tele­
vision receiver applications. The triode unit is used 
in high-gain, sound-if stages and in sync-separator, 
sync-clipper, and phase-inverter circuits; the pentode 
unit is used as a video-output amplifier. Outlines sec-

9DX tion, 6E; requires miniature 9-contact socket. For 
curves of average characteristics, refer to type 6A WSA for the triode unit 
and to type 6EBS for the pentode unit. Type lOHFS is identical with type 
6HFS except fOl' heater ratings. 

GHF8 10HFS 
Heater Voltage (ac/dc) ........... "............... 6.3 
Hellter Current .................................... 0.75 

10.5 
0.45 

Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

11 

Peak value ...................................• ±200 max ±200 max 
Average value ...............................• 100 max 100 max 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .............................................•• 
Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield ............ .... ...............••.• 
Plate to Cathode, Heater, Pentode Cathode, Grid No.3. 

and Internal Shield .....................................• 
Pentode Unit: 

Grid No.1 to Plate ........................................•. 
Grid No.1 to Cathode. Heater, Grid No.2, Grid No.3, 

and Internal Shield ................ . .....................• 
Plate to Cathode, Heater, Grid No.2, Grid No.3. 

and Internal Shield ................................... . 
Triode Grid to Pentode Plate ..............................•.•. 

Class Ai Amplifier 

3.5 

2.8 

2.6 

0.1 max 

10 

4.2 
0.015 max 

MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage . . . . . . . " . . . . . . . . . . . . . . . 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage ............ 330 
Grid-No.2 Voltage ................................. See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation .................................. 1 6 
Grid-No.2 Input: . 

For grid-No.2 voltages up to 165 volts .......... 1.1 
For grid-No.2 voltages between 165 and 330 volts See curve page 96 

CHARACTERISTICS Triode Unit Pentode Unit 
Plate Supply Voltage ...................... 200 
Grid-No.2 Supply Voltage ................. . 
Grid-No.1 Voltage ........................ . 
Cathode-Bias Resistor ..................... . 
Amplification Factor ...................... . 
Plate Resistance (Approx.) ............... . 
Transconductance ......................... . 
Plate Current ............................. . 
Grid-No.2 Current ......................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ........................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 20 /LA ....•.....•...........•.••....• 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

-2 

70 
17500 

4000 
4 

-6 

For fixed-bias operation ....................... . 
For cathode-bias operation .................... . 

45 200 
125 125 

o 
68 

75000 
12600 

40' 26 
15' 7 

-9 

Triode Unit Pentode Unit 
0.5 0.26 

1 1 

volts 
ampere 
seconds 

volts 
volta 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volt. 

volts 
watts 

watts 

volts 
volts 
volts 
ohm. 

ohms 
/Lmhos 

mA 
mA 

volts 

volts 

megohm 
megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum rating. of the tube will not be exceeded. 
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'6HG5 BEAM POWER TUBE 

Miniature type used in the audio output stages of tele­
vision receivers. This type has a controlled cathode 
warm-up time to minimize extraneous sound during 
receiver warm-up. Outlines section, 5D; requires minia­
ture 7 -contact socket. 

Heater Voltage (ac/dc) " ......••................................ 
Heater Current ................................................. . 
Cathode Warm-up Time# ....................................... . 
Heater-Cathode Voltage: 

Peak value .................................................. . 
Average value ............ '.' ............................... . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .........................................• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .. ; ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .. ; ....... . 

6.3 
0.45 

lBZ 

14 min 

±200max 
100 max 

0.4 
8 

8.5 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

# Time interval between application of voltages and rise of plate current to 1 mA; heater 
volts, 6.3 ; plate and grid-No.2 volts, 250; cathode-bias resistor, 680 ohms. 

Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage .. , .... , ........ , .............. . 
Plate Dissipation ,.,., .. , .. , ..... , ...... , ........ , .. , ............ . 
Grid-No.2 Input ........... ,.' .................................. . 
Bulb Temperature (At hottest point) .. ,., ....................... . 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage , .. , .... , ......... , .... , .. , .. '., .... . 
Grid-No.2 Voltage ...... "., ........... , ..........• 
Grid-No.1 (Control-Grid) Voltage, .............. ,' .. 
Peak AF Grid-No.1 Voltage .... "., ........... , ... . 
Zero-Signal Plate Current ...... , .................. . 
Maximum-Signal Plate CUrrent ..... , ............. . 
Zero-Signal Grid-No.2 Current .... ; ................ . 
Maximum-Signal Grid-No.2 Current ............... . 
Plate Resistance (Approx.) .. ' .. , .. ' ........... ' .. . 
Transconductance ................................ . 
Load Resistance .......... , ...... , , ... , .. : ...... : ..• 
Total Harmonic Distortion ........................ . 
Maximum-Signal Power Output ., .............••••• 

MAXIMUM CIRCUIT VALUES 
Gl'id-No.I-Circuit Resistance: 

180 
180 

-8.5 
8.5 
29 
30 

3 
4 

58000 
3700 
5500 

8 
2 

For fixed-bias operation ., .................................. . 
For cathode-bias operation , ................................ .. 

TYPE6HG5 I J .!. 
I 

GRID No.2 \/OLTS=250 \IOLTS EC,.O , _ 
I--~ GRID-No.1 I 

0 
/'~~ 

I l5 

80 

V- I-" 110 80 -
I 

./" ~ -# 115 40 

~ 
~b 

-~o ~ -2C 
..:-t----~~~ -k 

o 100 200 300 400 
PLATE VOLTS 92CS-I2368T 

275 
275 

12 
2 

250 

250 
250 

-12.5 
12.5 

45 
47 

4.5 
7 

52000 
4100 
5000 

8 
4.5 

0.1 
0.5 

volts 
volts 

watts 
watts ·c 

volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 

ohms 
/Lmhos 

ohms 
per cent 

watts 

megohm 
megohm 
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H 

MEDIUM·MU TRIODE­
SHARP·CUTOFF PENTODE 

6HGS 
6HGSI 
ECFS6 
58G8,78G8 
7HG8/PCF86 

Miniature types with frame-grid pentode unit used as 
9MP combined oscillator and mixer tubes in vhf color and 

black-and-white television receivers. Outlines section, 6B; require minia­
ture 9-contact socket. Types 5HG8, 7HG8, and 7HG8/PCF86 are identical 
with types 6HG8 and 6HG8/ECF86 except for slightly higher current and 
dissipation ratings and for heater ratings. 

6HG8 7HG8 
6HG8/ 7HG8/ 

5HG8 ECF86 PCFS6 
Reater Voltage (ac/dc) ..............•.•.••• 
Heater Current ...........................•. 

5.3 6.3 7.2 
0.45 0.34 0.3 

Heater Warm-up Time (Average) ........... . 
Peak Heater-Cathode Voltage .............. . 

11 
±100 max ±100 max ±100max 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage .. .' . . . . . . . . . . . . . . . . . . . . . . . . . .... 125 250 
Grid-No.2 (Screen-Grid) Voltage ................••• 150 
Cathode Current ..................................• 15 18 
Plate Dissipation.................................. 1.5 2 
Grid-No.2 Input .................................•• 0.5 
CHARACTERISTICS 
Plate Voltage ...................................•• 
Grid-No.2 Voltage ................................. . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Amplification Factor .............. ; ..............• 
Mu-Factor. Grid No.2 to Grid No.1 ................ . 
Plate Resistance (Approx.) ....................... . 
Transconductance ............................•.... 
Plate Current ....................................• 
Grid-No.2 Current ............................... .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias ope)'~tion ......•..••.••..••••••• 
For cathode-bias operation ................... .. 

100 

-3 
17 

6500 
14 

0.5 

170 
150 

-1.2 

70 
0.35 

12000 
10 

3.3 

0.25 
0.5 

volts 
ampere 
seconds 

volts 

volts 
volts 

mA 
watts 
watt 

volt. 
volts 
volts 

megohm 
I'mhos 

mA 
rnA 

megohm 
megohm. 

p 
BEAM POWER TUBE 6HJ5 

21BJ5 

I 
H H 

12FL 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15C; requires 
duodecar 12-contact socket. Type 21HJ5 is identical 
with type 6HJ5 except for heater ratings. 

Reater Voltage (ac/dc) ........................••• 
Heater Current ...................................• 
Heater Warm-up Time (Average) .................• 
Heatel'-Cathode Voltage: 

Peak value ................................... . 
Average value ................................ . 

Class A, Amplifier 
CHARACTERISTtCS 

6HJ5 
6.3 

2.25 

±200max 
100 max 

21RJ5 
21.5 

0.6 
11 

±200 max 
100 max 

Plate Voltage .......................• 
Grid-No.2 (Screen-Grid) Voltage ..... 

20 40 60 135 

Grid No.3 ..........................• 
Grid-No.1 (Control-Grid) Voltage .... 

110 110 135 135 
Connected to cathode at socket 
o 0 0 -22 

volts 
amperes 
seconds 

volts 
volts 

volts 
volts 

volts 
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Triode Amplification Factor .••••••••• 
Plate Resistance (Approx.) .. ' ..•.•••• 
Transconductance ................... . 
Plate Current ....................•... 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA .......... : .... . 

240-
160-

400-
42-

,540-
, 4S-

4.2 
5000 

10000 
SO 

5.5 

ohmS 
"mhos 

mA 
mA 

-70 volta 

• This value can be measured by a method involving a recurrent waveform such' that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ., ..... , .... , ......................... . 770 volts 
Peak Positive-Pulse Plate Voltage# .............................. . 7000 volts 
Peak Negative-Pulse Plate Voltage .............................. . -1500 volt. 
DC Grid-No.3 Voltage .......................................... . 70 volts 
DC Grid-No.2 Voltage .......................................... . 220 volts 
Peak Negative-Pulse Grid-No.1 Voltage .................... : ..... . -330 volt. 
Peak Cathode Current .......................................... '. 1000 rnA 
Average Cathode Current ....................................... . 280 mA 
Plate Dissipationt ............................................... . 24 watts 
Grid-No.2 Input ................................................ . 6 watts 
Grid-No.2 Input (Warm-up Surge)· ........... , ................•. 
Bulb Temperature (At hottest point) ..... , ...................... . 

12 watts 
240 ·C 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance .................................... . 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 
* Surge not to exceed 15-second duration. 

6HJ8 DIODE­
SHARP-CUTOFF PENTODE 

Miniature type used as combined video-detector and if­
amplifier tube in television receivers. Outlines section, 
6B; requires miniature 9-contact socket. 
Heater Voltage (ac/dc) ......................................... . 
Heater Current ................................................. . 
Heater Warm-up Time (Average) ............................... . 
Peak Heater-Cathode Voltage .................................••• 
Direct Intereleetrode Capacitances : 

Diode Unit: 
Plate to Cathode and Heater .............................•.. 
Cathode to Plate and Heater ............................... . 

Pentode Unit: 
Grid No.1 to Plate .......................................•.. 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3. 

and Internal Shield .......... ".................. ....... .. 
Plate to Cathode. Heater, Grid No.2, Gdd No.3, and Internal 

Shield .... , ............................................ . 
Diode Plate to Pentode Grid No.1 ............................. . 
Diode Cathode to Pentode Plate ............................... . 
Diode Plate to Pentode Plate ............. . .................. . 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .... ,. ' ............................................ . 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation ..........................................•.••.. 
Gdd-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....................... . 
For grid-No.2 voltages between 165 and 330 volts ............ . 

CHARACTERISTICS 
Plate Dissipation .............................................. . 

H 

gey 
6.3 volta 

0.45 ampere 
11 seconds 

±200 max volts 

2.4 pF 
3 pF 

0.015 max pF 

7 pF 

3.2 pF 
0.005 max pF 
0.15 max pF 

0.035 max pF 

330 volta 
330 volts 

See curve page 96 
o volts 

3.2 watts 

0.55 watt 
See curve page 96 

Plate Supply Voltage ......................... :................ . 125 volts 
Grid No.3 ................................................. Connected to cathode at socket 
Grid~No.2 Supply Voltage.............. ............. ............. 125 volta 
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Cathode-Bias Resistor ..................................•.•.••••• 
Plate Resistance (Approx.) ....................................•• 
Transconductance .............................................. . 
Plate Current ..................................................• 
Grid-No.2 Current ............... . ..................... . 
Grid-No.1 Voltage (Approx.) for plate current of 20 pA ........•. 
Gl·id-No.1 Voltage (Approx.) for plate current of 2 mA ........ . 

Diode Unit 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Current 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 50 mA ......•.••••..•....• 

H 3 ___ 6 IS HIGH-MU TRIODE 

299 

56 ohms 
0.2 megohm 

9300 pmhos 
11.5 rnA 

3.6 rnA 
-6 volts 
-3 volts 

5 mA 

10 volt. 

6HKS ~
H4 / 

K 2 7 K 

I 
GI 

7GM 

Miniature type with frame grid used in vhf tuners of 
television receivers. Outlines section, 5C; requires mini­
ature 7-contact socket. 

Heater Voltage (ac/dc) ......................................•..• 
Heater Current ... . ........................................... . 
Peak Heater-Cathode Voltage ...................................• 
Direct Interelectrode Capacitances:· 

Grid to Plate .... . .......................................•. 
Grid to Cathode, Heater, and :r..nternal Shield ............... . 
Plate to Cathode, Heater, and Internal Shield ............... . 
Heater to Cathode .......................................... . 

... With external shield. 

Class AI Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................••• 
Gl'id Voltage, Negative-bias Value ..............................•• 
Cathode Current ..............................................•. 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage ..................................................• 
Grid Voltage ................................................... . 
Amplification Factor ........................................... . 
Plate Resistance (Appl'Ox.) ..................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Input Resistance*· ............................................. . 
Input Capacitance·· ...........................................•• 
Noise Figure# ................................................. . 
Grid Voltage (Approx.) for transconductance of 150 pmhos ...... . 
Grid Voltage (Approx.) for transconductance of 1500 pmhos ..... . 
MAXIMUM CIRCUIT VALUE 

6.3 
0.19 

±100max 

0.29 
4.4 
2.6 
2.5 

200 
-50 

22 
2.3 

135 
-1 
75 

5000 
15000 

12.5 
600 

9 
4.2 
-5 

-2.6 

volts 
ampe]'e 

volts 

pF 
pF 
pF 
pF 

volts 
volts 

rnA 
watts 

volts 
volt 

ohms 
pmhos 

rnA 
ohms 

pF 
dB 

volts 
volts 

Grid-Circuit Resistance, for cathode-bias operation .............. 1 megohm 

•• Measured at 200 14Hz with plate effectively grounded for rf voltages. 
# For a neutralized triode amplifier at a frequency of 200 14Hz with signal source impedance 
adjusted for minimum noise output. 

9AE 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 6HL8 

Miniature type used in color and black-and-white tele­
vision receiver applications. The triode unit is used as 
a sync-separator or voltage-amplifier tube, and the 
pentode unit is used as a video if-amplifier, agc-ampli­
fieI', or reactance tube. Outlines section, 6B; requires 
miniature 8-contact socket. Heater: volts (ac/dc), 6.3; 
amperes, 0.6; warm-up time (average), 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ....................................• 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage ............ 330 
Grid-No.2 Voltage ... ;............................. See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation .................................. 2.5 2.5 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ........... 0.55 
For grid-No.2 voltages between 165 and 330 volts See curve page 96 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ................................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ........................ . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p,A ............................... , ........ . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

6HMS/ 
6HAS 
3HMS/3HAS 

HIGH·MU TRIODE 

125 

-1 
40 

5000 
7000 
12.5 

1 

Miniature type used as rf-amplifier tube in vhf color 
and black-and-white television tuners. Outlines section, 
5C; requires miniature 7-contact socket. Type 3HM5/ 
3HA5 is identical with type 6HM5/6HA5 except for 
heater ratings. 

125 
125 
-1 

150000 
10000 

12 
4.5 

-7 

7GM 

3HM5/3HA5 GHM5/GHAG 
Heater Voltage (acldc) .......•.......•............ 2.7 6.3 
Heater Current .................................... . 0.45 0.18 
Peak Heater-Cathode. Voltage ..................... . ±110 max ±110 max 
Direct Interelectrode Capacitances : 

Grid to Plate .............................................. . 
Grid to Cathode. Heater. Internal Shield, and External Shield 
Plate to Cathode, Heater, Internal Shield. and External Shield 
Cathode to Plate .. , ........................................ . 
Cathode to Heater, Grid. Internal Shield, and External Shield 
Heater to Cathode .......................................... . 
Heater to Grid .........................................•.... 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ...................................... : ....... . 
DC Plate Supply Voltage .....................................••• 
Grid Voltage ................................................... . 
Cathode Current ...............................................•. 
Plate Dissipation ............................................... . 

CHARACTERISTICS AND TYPICAL OPERATION" 

0.36 
4.3 

0.080 
2.9 
3.1 
2.3 

0.070 max 

220 
600 

-50 
22 

2.6 

Fixed Bias Cathode Bias 
DC Plate Supply Voltage ........... . 
Plate-Load Resistor ................ . 
Internal-Shield Voltage ............. . 
DC Grid Voltage .................... . 
Cathode-Bias Resistor .............. . 
Amplification Factor ......•.......... 
'Transconductance .................... . 
Plate Current ........••••........... 
DC Grid Current .................... . 
Grid-No.1 Voltage for one-per-cent 

transconductance ......... ; ....•••• 

135 135 

o 
-1 

72 
14500 

11.5 

o 
-2.7 

1500 

135 135 
1000 5600 

o 0 

0 87 
80 72 

20000 14500 
19 11.5 
10 

-5.3 -8.1 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volt 

ohms 
p,mhos 

mA 
mA 

volts 

megohm 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 

. volt. 
volts 
volts 
rnA 

watta 

volts 
ohms 
volts' 
volts 
ohms 

pmhos 
mA 
p,A 

'volts 
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SHARP-CUTOFF PENTODE 6HM6 
4HM6 

9PM 

Miniature type with frame grid used in the if-amplifier 
stages of television receivers. Outlines section, 6B; re­
quires miniature 9-contact socket. Type 4HM6 is iden­
tical with type 6HM6 except for heater ratings. 

Heater Voltage (ac/dc) ...........................• 
Heater Current ..................................•• 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

4HM6 
4.2 

1),,45 
11 

6HM6 
6.3 
0.3 

volts 
ampere 
seconds 

Peak value ........................•...•....... ±200 max ±200 max volts 
volts Average value 100 max 100 max 

Direct Intel'electrode Capacitances: Unshielded Shielded 
Grid No.1 to Plate ........................... . 0.031 0.024 pF 

pF 

pF 

Grid No.1 to Cathode, Heater, Grid No.2, Grid 
No.3, and Internal Shield ................... . 8.7 8.7 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 
and Internal Shield ......................... . 2.15 3.0 

Class A1 Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .........................................•......•• 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... _. 
Grid-No.2 Voltage ..............................................• 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value ........... . 
Cathode Current ...............................................• 
Plate Dissipation ................................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 125 volts .......................• 
For grid-No.2 voltages between 125 and 250 volts ...........• 

CHARACTERISTICS 

250 volts 
250 volts 

See curve page 96 
-50 volts 

25 mA 
2.5 watts 

2.5 watts 
See curve page 96 

Plate Supply Voltage ............................................ 125 volts 
Grid No.3 (Suppressor Grid) ............................. Connected to cathode at socket 
Grid-No.2 Supply Voltage ....................................... 125 volts 
Cathode-Bias Resistor ........................................... 56 ohms 
Plate Resistance (Approx.) ...................................... 0.156 megohm 
Transconductance .................... . . . . . . . . . . . . . . . . . . . . . . . . . . • 15000 IImhos 
Plate Current ................................................... 13 mA 
Grid-No.2 Current .......................... :.................... 3.2 mA 
Grid-No.1 Voltage (Approx.) for transconductance of 100 pmh<ie -3 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

~~or fixed-bias operation ...........•.........•..•.••.••.•.•.• 
For cathode-bias operation ................................ .. 

HIG.H-MU TRIODE 

0.25 
1 

megohm 
megohm 

6HQ5 ~
H4 s" 

Ha. ___ 6 1S 

K 2 7 J( 

1 
81 

7GM 

2HQS,3HQS 

Miniature type used as grounded-cathode rf-amplifier 
tube in vhf tuners of television receivers. Outlines sec­
tion, 5C; requires miniature 7-contact socket. Types 
2HQ5 and 3HQ5 are identical with type 6HQ5 except 
for heater ratings. 

Heater Voltage (ac/dc) .................. .. 
Heater Current ............................• 
Heater Warm-up Time (Average) ........... . 
Peak Heater-Cathode Voltage ............... . 
Direct Interelectrode Capacitances (Approx.):* 

2HQ5 
2.4 
0.6 
11 

±100 

3HQ5 
3 

11.45 
11 

±100 

Grid to Plate ..................................••••••.•...•• 
Grid to Cathode, Heater, and Internal Shield •••••••••••..••• 
Plate to Cathode, Heater, and Internal Shield .............. .. 
HEater to Cathode .•...................•••••••••••••• t .• t •• t •• 

• With external shield connected to cathode. 

&HQ5 
6.3 volts 
0.2 ampere 

seconds 
±100 volts 

0.52 pF 
5 pF 

3.6 pF 
2.6 pF 
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Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage , ... , .... , .... ' ... ' ............................... .. 
Grid Voltage, Negative-bias Value .............. ' .............••• 
Cathode Current .. , .................... , .. , .... , ...............• 
Plate Dissipation .............................................•• 

CHARACTERISTICS 
Plate Voltage ................................. ; ................ . 
Grid Voltage ................................................... . 
Amplification Factor ........................................... . 
Plate Resistance ....... ~ ....................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Input Resistance·· ............................................. . 
Input Capacitance*· ............................................ . 
Noise Figure# ................................................. . 
Grid Voltage (Approx.) for transconductance of 150 Itmhos ....... . 
Grid Voltage (Approx.) for transconductance' of 1500 Itmhos 

MAXIMUM CIRCUIT VALUE 

200 
-50 

22 
2.5 

135 
-1 

78 
5400 

15000 
11.5 
275 

11.2 
4.7 

-4.2 
-2.5 

volts 
volts 

mA 
watts 

volts 
volt 

ohms 
pmhos 

mA 
ohms 

pF 
dB 

volts 
volts 

Grid-Circuit Resistance, for cathode-bias operation ......... ,..... megohm 0. Measured at 200 'MHz with heater volts = 6.3 volts and plate effectively grounded for rf 
voltages. 
# For a neutralized triode amplifier at a frequency of 200 MHz with signa'! source impedance 
adjusted for minimum noise output. 

6HRS BEAM POWER TUBE 

Miniature 
television 
miniature 

type used as vertical-deflection amplifier in 
receivers. Outlines section, 5D; requires 

7-contact socket. 

Heater Voltage (ac/dc) .............................•.......••. 
Heater Current ,,', ... ,.,.' .. , .............. , ........ , ........ . 
Heater Warm-up Time (Average) ......... , ................... . 
Heater-Cathode Voltage: 

Peak value ., ... , ........................ , ........... , ..... . 
Average value ., ... , ..... , ................................. . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .. ,., .... , .... ' ............. ,.,., ......• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 , .... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ., ..... . 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ....... , ........ , .... , ... , ....... , ..... , ......... . 
Peak Positive-Pulse Plate Voltage# (Ahsolute Maximum) ....... . 
Grid-No.2 (Screen-Grid) Voltage .. , ............................• 
Peak Negative-Pulse Grid-No.1 Voltage .................... , .... . 
Plate Dissipation .............................................. . 
Peak Cathode Current .......................................... . 
Average Cathode Current ................................ , .... . 
Grid-No.2 Input ..............................................•• 

CHARACTERISTICS 
Plate Voltage ............................ , ....... . 50 
Grid-No.2 Voltage .......... , .. ' ......... , ........ . 250 
Grid-No.1 Voltage ......................... , .....• 0 
Transconductance ................................• 
Plate Current ................. , .......... , ....... . 105 
Grid-No.2 Current ..... , ............. , .. , ........• 25 
Grid-No.1 Voltage (Approx.) for plate current of 

100 itA .' .. , ...............•.•.. , , .... , .....• ' 
MAXIMUM CIRCUIT VALUE' 

6.3 
0.45 

11 

7BZ 

±200 max 
100 max 

0.35 
8.3 
8.2 

260 
1500 

270 
-150 

8 
125 

35 
2 

260 
270 

-19 
3600 

30 
2.3 

--43 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
volts 

watts 
rnA 
rnA 

watts 

volts 
volts 
volts 

Itmhos 
mA 
mA 

volts 

Grid-No.1-Circuit Resistance .•• : . : ..... " .. , . . . . . . . . . . . . . . . . . . . . . 2.2 megohms 

'" Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
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H Cz 
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SEMIREMOTE-CUTOFF 
PENTODE 6HR6 

19HR6 

303 

~
H4 : 

G3 2 7 K 

IS I 

'CI 
7BK 

Miniature type used as if-amplifier tube in FM re­
ceivers. Outlines section, 5C; requires miniature 7-con­
tact socket. Type 19HR6 is identical with type 6HR6 
except for heater ratings. 

Heater Vo.ltage (ac/dc) ..........................•• 
Heater Current .................................•• 
Heater Warm-up Time (Average) ................•• 
Heater-Catho.de Voltage: 

Peak value ..................................•• 
Average value ............................... . 

Direct lnterelectrode Capacitances: 

6HR6 
6.3 

0.45 
11 

±200 max 
100 max 

Grid No..l to. Plate ......................................... . 
Grid No..l to. Catho.de, Heater, Grid No.2, Grid No..3, 

and Internal Shield ..... ........... . .............• 
Plate to Cathode, Heater, Grid No..2, Gl'id No.3, 

and Internal Shield ....................................••• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Vo.ltage .....................................••.•.•• 
Grid-No.3 (Suppresso.r-Grid) Voltage, Po.sitive value ............•• 
Grid-No..2 (Screen-Grid) Supply Vo.ltage ........................• 
Grid-No.2 Vo.ltage ..............................................• 
Grid-No..1 (Co.ntrol-Grid) Voltage: 

Negative-bias value ......................................... . 
Positive-bias value ........... ", ............................. . 

Plate Dissipatio.n ............................................... . 
Grid-No.2 Input: 

Fo.r grid-No..2 vo.ltages up to. 150 Vo.lts ......................• 
Fo.r grid-No.2 voltages between 150 and 300lvolts .........•.• 

CHARACTERISTICS 

19HR6 
18.9 Vo.lts 
0.15 ampere 

17 seconds 

±200 max volts 
100 max vults 

0.006 max pF 

8.8 pF 

5.2 pF 

300 volts 
o volts 

300 Vo.lts 
See curve page 96 

-50 
o 
3 

volts 
volts 

watts 

1 watt 
See curve page 96 

Plate Supply Voltage ........................................... 200 volts 
Grid No..3 .............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Co.nnected to. cathode at so.cket 
Grid-No..2 Supply Voltage ....................................... 115 Vo.lts 
Grid-No.1 Supply Vo.ltage ....................................... 0 volts 
Cathode-Bias Resistor ........................................... 68 ohms 
Plate Resistance (Appl'ox.) ...................................... 0.5 mego.hm 
Transco.nductance ............... ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8500 /Lrnhos 
Plate Current ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.2 rnA 
Grid-No.2 Current ............. . . . . . . . . . . . . . . 4.3 rnA 
Grid-No.1 Vo.ltage (Approx.) for transconductance of 60 /Lrnhos ... -15 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ...................................• 
For cathode-bias operation .................................. . 

TYPE 6HR6 
GRID No. :;I CONNECTED TO CATHODE. _ t- AT SOCKET. 
GRID-No.2 VOLTS-i115 

I 

I'L \'0 

I~ IGRi"D-No'l VOLTS EICI • -0.5 
-I 

V. vfC"O -1.5 
-

~ 
..... - C, C--. -:;I 

'/ -5"'8 

o 100 200 lIOO 
PLATE VOLTS 92CS-1I530T 

0.5 
1 

megohm 
megohm 
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6HS6 SHARP-CUTOFF PENTODE 
19H56 

Miniature type used as if-amplifier and limiter tube 
in FM receivers. Outlines section, 5C; requires miniature 
7-contact socket. Type 1!fHS6 is identical with type 
6HS6 except for heater ratings. . 

Beater Voltage (a.c/dc) .........................• 
Heater Current .................................. . 
Beater Warm-up Time (Average) ................. . 
Heatel'-Cathode Voltage: 

Peak value .. '.' .............................. . 
Avel'age value ............................... . 

Direct Interelectrode Capacitances: 

6BS6 
6.3 

0.46 
11 

±200max 
100 max 

Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield .......................................... . 
Plate to Cathode. Heater, Grid No.2. Grid No.3. and 

Internal Shield ............................. ; .........•..• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values.) 
Plate Supply Voltage .......................................•.•. 
Grid-No.3 (Suppressor-Grid) Voltage. Positive Value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control.Grid) Voltage: 

~~~~ii~~~~s v~i~~e .:::::::::::::::::::::::::::::::::::::::: 
Plate Dissipation .............................................. . 
Grid·No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid.No.2 voltages between 150 and 300 volts ........... . 

CHARACTERISTICS 

19B56 
18.4 volts 
0.15 ampere 

17 seconds 

±200max volts 
100 max volts 

0.006 max volts 

8.8 pF 

5.2 pF 

300 volts 
o volts 

300 volts 
See curve page 96 

-50 
o 
3 

volts 
volts 
volts 

1 watt 
See curve page 96 

Plate Supply Voltage ...........................• 75 150 volts 
Grid No.3 ............................... c ....... . Connected to cathode at socket 
Grid-No.2 Supply Voltage ........................ . 75 75 volts 
Grid·No.1 Supply Voltage ........................ . o 0 volts 
Cathode-Bias Resistor ............. ' ............... . 68 68 ohms 
Amplification Factor- ............................ . 
Plate Resistance (Approx.) ...................... . 
Tt'ansconduetance ................................ . 
Plate Current ................................... . 
Grid·No.2 Current ............................... . 
Grid·No.1 Voltage (Approx.) for plate current of 

20 /LA ...................................... .. 
MAXIMUM CIRCUIT VALUES 
Grid.No.1-Circuit Resistance: 

50 

For fixed·bias operation .................................. .. 
For cathode·bias operation ................................. . 

TYPE 6HS6 
GRID No.3 CONNECTED TO CATHODE 

N 
25 f- GRfri-~~:~~i.TS • 75 -
20 I 1 oj 

L" 1 J J 15 
GRID-No. I VOLTS Ec • -0.5 

10 P\;fECI .10 
-I 

5'-
.,.. -- Lf2 

:.-- I:b -2 1.5 
-2.,~ 

o 100 / 200 300 
PLATE VOLTS 92C5-11483T 

0.5 megohm 
9500 ttmhos 

8.8 mA 
2.8 rnA 

-4 volts 

0.1> megohm 
1 megohm 
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SHARP-CUTOFF 
TWIN PENTODE 

305 

6HS8 
3HS8,4HS8 

9FG 

Miniature type used in agc amplifier, sync, and noise­
limiting circuits of color and black-and-white television 
receivers. One pentode unit is used as combined sync 
separator and sync clipper; second pentode unit is 
used as agc amplifier. Outlines section, 6E; requires 
miniature 9-contact socket. Type 3HS8 and 4HS8 are 
identical with type 6HS8 except for heater ratings. 

Heater Voltage (ac/de) ...................• 
Heater Current ........................... . 
Heater Warm-up Time (Ave"age) ......... . 
Heater-Cathode Voltage: 

aHSS 
3.15 

0.6 
11 

4HS8 
4.2 

0.45 
11 

GHSS 
6.3 
0.3 

Peak value ........................... . 
Average value ......................... . 

±200 max 
100 max 

±200 max 
100 max 

±200 max 
100 max 

Direct Interelectrode Capacitances: 
Grid No.3 to Plate (Each Unit) ........................... . 
Grid No.1 to All Other Electrodes ......................... . 
Grid No.3 (Each Unit) to All Other Electrodes ........... . 
Plate (Each Unit) to All Other Electrodes ................. . 
Grid No.3 (Unit No.1) to Grid No.3 (Unit No.2) ........... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) .....................................• 

Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 
Peak positive value ....................................... . 
DC negative value ........................................ . 
DC positive value ......................................... . 

Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value ........... . 
Cathode Current .............................................. . 
Plate Dissipation (Each Unit) ................................. . 
Grid-No.2 Input ............................................... . 
CHARACTERISTICS 

With One Unit Operating> 
Plate Voltage .................................... 100 
Grid-No.3 Voltage ................................ 0 
Grid-No.2 Voltage ................................ 67.5 
Grid-No.1 Voltage ................................ 0 
Transconductance, Grid No.3 to Plate ............. . 
Transconductance, Grid No.1 to Plate .............. 1100 
Plate Current .................................... . 
Grid-No.3 Voltage (ApPl'ox.) for plate CUl'rent of 

100 p.A ..................................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p.A ............•......................••• 

TYPE 6HS8 
GRID-No.3 VOLTS'O 
GRID-No.2 VOLTS-67.5 
PLATE AND GRID No.3 OF 

OTHER UNIT GROUNDED. 

1 I I \ voLts EC," -r--
G~ ~0.5 
~"1- , 0-:'- ,0.5 r--

~ -' -- ° ~ GRID-No.1 mA Ie =0.01 
J:..~ -~+:.- --- -- --:.:i -0.5 

I .P"" EC ~-I 1 
1/':..- -1.51, 

-2 
o 100 200 300 400 

PLATE VOLTS 92CS-II099T 

2 
6 

3.6 
3 

0.015 max 

300 

50 
-50 

3 
150 

-50 
12 

1.1 
0.75 

100 
o 

67.5 

450 

2 

-3.5 

-2.3 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 

volts 

volts 
volts 
volts 
volts 
volts 

lOA 
watts 
watt 

volts 
volts 
volts 
volts 

p.mhos 
p.mhos 

rnA 

volts 

volts 
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With Both Units Operating 
Plate Voltage (Each Unit) ....................... . 
Grid-No.3 Voltage (Each Unit) ................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Plate Current (Each Unit) ......................• 
Grid-No.2 Current ............................... . 
Cathode Current ................................•• 
MAXIMUM CIRCUIT VALUES 

100 
-10 
67.5 

7 
7.1 

Grid-No.3-Circuit Resistance (Each Unit) ......................• 
Grid-No. I-Circuit Resistance .................................... . 

• With plate and grid No.3 of other unit connected to ground • 
• Adjusted to give grid-No.1 current of 0.1 milliampere. 

TYPE6HS8 
GRID-No.2 VOLTS-67.5 
GRID-No.1 MILLIAMPERES-OJ +--l--+--I 

'" PLATE AND GRID No.3 OF OTHE 
t!2.5 UNIT GROUNDED. 

~ 
~ 2 

3 
:I! 1.5 
1&1 
I;i 
~ I 

400 
92CS-lIIOZT 

6HZ6 SHARP-CUTOFF PENTODE 
5HZ6 

Miniature type used as sound-detector tube in FM and 
color and black-and-white television receivers. Tube 
has two independent control grids. Outlines section, 
5C; requires miniature 7-contact socket. Type 5HZ6 
is identical with type 6HZ6 except for heater ratings. 

Heater Voltage (acldc) .......................... . 
Heater Current .... . ............................ . 
Heater Warm-up Time (Average) ..............•• 
Heater-Cathode Voltage: 

Peak value ................................. . 
Average value ......... . .......... . 

Direct lnterelectrode Capacitances (Approx.): 

5HZ6 
4.75 
0.6 
11 

±200 max 
100 max 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Grid No.1 to Grid No.3 ................................... . 
Grid No.3 to Plate ....................................... . 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, Plate, 

and Internal Shield ..................................... . 

Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid-No.3 Supply Voltage ...................................... . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance, Grid No.1 to Plate .......................... . 
Transconductance, Grid No.3 to Plate .......................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 p.A •• 
Grid-No.1 Supply Voltage (Approx.) for plate current of 20 p.A •• 

100 volts 
0 volts 

67.5 volts 
volts 

2 rnA 
4.4 rnA 
8.5 rnA 

0.5 mel/:ohm 
0.5 megohm 

~
4 sP 

H 3 ___. b (;2 

---
K 2 . 7 (;3 

IS 1 
(;1 

7EN 
6HZ6 

6.3 
0.45 

11 

±200 max 
100 max 

0.023 

8.2 
0.09 

1.6 

7.2 

150 
o 

100 
o 

180 
0.11 
3400 

600 
3.2 
3.2 
-7 

-4.5 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 
pF 
pF 

pF 

volts 
volts 
volts 
volts 
ohms 

megohm 
Ilmhos 
Ilrnhos 

rnA 
mA 

volts 
volts 
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TECHNICAL DATA 

FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................•• 
Grid-No.3 (Control-Grid) Voltage: 

Negative value (dc and peak ac) ......................... . 
Positive value (dc and peak ac) ........................... . 

Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ....................................... . 
Positive-bias value ........................................ . 

Plate Dissipation .............................................. . 
Grid-No.3 Input ...............................................• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts .....................• 
For grid-No.2 voltages between 150 and 300 volts .........•• 

MAXIMUM CIRCUIT VALUES 
Grid-No.S-Circuit Resistance ...................................• 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

TYPE 6HZ6 ., 
GRID-No.3 VOLTS.O 
GRID-No.2 VOLTS-IOO 

. " I .... ~C2'< -Ib 1 . e ..... ----~ .. .c'·O ;> '- o . GRID-No.1 _ 
k:---

307 

300 volts 

-100 volts 
25 volts 

300 volts 
See curve page 96 

-50 
o 

1.7 
0.1 

volts 
volts 

watts 
watt 

1 watt 
See curve page 96 

0.68 

0.22 
0.47 

megohm 

megohm 
megohm 

:;"1<2 :~Y;t -..:. 
..... 5 

~ I~ Ii.-

o 100 

-
200 300 

PLATE VOLTS 

400 
92CS-1I792T 

400 
92CS-1I793T 

H HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 6HZ8 

9DX 

Miniature type used in television receiver applications. 
The triode unit is used as a voltage amplifier or sync 
separator, and the pentode unit as a video amplifier. 
Outlines section, 8E; requires miniature 9-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.125; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage .................................... 300 SOO 
Grid-No.2 (Screen-Grid) Supply Voltage .......... 330 
Grid-No.2 Voltage ................................ See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive bias value 0 0 
Plate Dissipation ................................ . 1 8 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330"volts 

CHARACTERISTICS 
Plate Voltage ............................... . 
Grid-No.2 Supply Voltage ..................... . 
Grid-No.1 Voltage ........................... . 
Cathode-Bias Resistor ......................... . 
Amplification Factor .......................... . 
Plate Resistance (Approx_) ...................• 
Transconductance .............................• 
Plate Current ................................ . 
Grid-No.2 Current ............................• 
Grid-No.1 Voltage (Approx.) for plate current 

of 10 p,A ••••.••••••••••••••••.••.•.•••••. " 

200 

-2 

70 

4,000 
3.5 

-6 

2 
See cUrve page 96 

60 250 
170 170 

0 
100 

0.14 
12600 

90" 29 
22.5" 6 

- -11.5 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

megohm 
/Lmhos 

mA 
rnA 

volts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....••••.•.........••• 0.5 0.25 megohm 
For cathode-bias operation,.................... 1 1 megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

6J5 
6J5GT 

Refer to chart at end of section. 

6J6 Refer to chart at end of section. 

6J6A MEDIUM-MU TWIN TRIODE 
5J6 

Miniature type used as combined rf power amplifier 
and oscillator or as twin af amplifier. With push-pull 
arrangement of the grids and the plates in parallel, 
this type can also be used as a mixer at frequencies 
as high as 600 MHz. Outlines section, 5C; requires 
miniature 7-contact socket. Type 516 is identical with 
type 6J6A except for heater ratings. 7BF 

Heater Voltage (ac/dc) ........................•.• 
Heater Current ..................................• 
Heater Warm-up Time (Average) ...............• 
Pep.k Heater-Cathode Voltage .; ...............•.•• 
Direct Interelectrode Capacitances 

(Each Unit, Approx.): 
Grid to Plate .... : .........................•• 
Grid to Cathode and Heater .................• 
Plate to Cathode and Heater (Unit No.1) ... . 
Plate to Cathode and Heater (Unit No.2) ... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

US 
4.7 
0.6 
11 

±100max 

Unshielded 
1.6 
2.2 
0.4 
0.4 

Plate Voltage ................................................. . 
Grid Voltage, Positive-bias value ............................... . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage ................................................. . 
Cathode-Bias Resistor .......................................... . 
Amplification Factor .....•...................... .' ............. . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

6J6A 
6.3 

0.45 
11 

±100 max 

Shielded 
1.6 
2.6 
1.6 

1 

300 
0 

1.5 

100 
50t 
88 

7100 
5300 

8.5 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 

volts 
volts 

watts 

volts 
ohms 

ohms 
I'mhos 

rnA 

For fixed-bias operation ................................... . Not recommended 
For cathode-bias operation ......................... : ....... . 0.5 

t Value is for both units operating at the specified conditions. 

RF Power Amplifier and Oscillator-Class C Telegraphy 
Key-down conditions per tube without modulation 

MAXIMUM RATINGS (Design-Center Values, Each Unit) 
Plate Voltage .......•.......................................... 
Grid Voltage: 

Negative-bias value ....................................... . 
Positive-bias value ........................................ . 

Plate Current ................................................. . 
Grid Current .................................................. . 
Plate Input ................................................... . 
Plate Dissipation .............................................. . 
TYPICAL PUSH-PULL OPERATION (Both Units) 

800 

-40 
o 

15 
8 

4.5 
1.5 

megohm 

volts 

volts 
volts 

rnA 
rnA 

watts 
watts 

Plate Voltage .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 volts 
Grid Voltage· .....•.•••........................ , .... ,.......... -10 volts 
Plate Current .........•• • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 rnA 
Grid Current (Approx.) •.•..................................... 16 rnA 
Driving Power (Approx.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '0.85 watt 
Power Output (Approx.) ....................................... 3.5 watta 

• Obtained by Brid resistor (625 ohms), cathod,e-bias ,"esistor (220 ohms), or .fixec\ supply. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

6J7 
6J7G 
6J7GT 

6J8G 

6Jl0 

309 

13JlO 

Duodecar type used in FM and color and black-and­
~7rA::;;;:"'-;::~~r=-PP white television receivers. The pentode unit is used as 

, a gated-beam discriminator and the beam power unit 
10 Ne is used in audio power-output stages in FM and tele­

vision limiter and discriminator applications. Outlines 
section, 8B; requires duodecar 12-contact socket. Type 
13J10 is identical with type 6J10 except for heater 

PENTODE­
BEAM POWER TUBE 

1 
H 

12BT ratings. 

Heater Voltage (ac/dc) ...............•....••••••• 
Heater Current .........................•...•....• 
Heater Warm-up Time (Average) ..........••.•..•• 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

6JI0 
6.3 

0.95 

±200 max 
100 max 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
CHARACTERISTICS AND TYPICAL OPERATION 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage ............................................. . 
Peak AF Grid-No.1 Voltage .... : .............................. . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................• 
Zero-Signal Grid-No.2 Current ................................ . 
Maximum-Signal Grid-No.2 CUl'rent ........................... . 
Load Resistance ............................................... . 
Total Harmonic Distortion (Approx.) ......................... . 
Maximum-Signal Power Output ...............................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

13JI0 
13.2 
0.45 

11 

±200max 
100 max 

275 
275 
10 

2 

250 
250 
-8 

8 
0.1 

6500 
35 
39 

2.5 
7 

5000 
10 

4.2 

For fixed-bias operation .................................... 0.25 
For cathode-bias operation .................................. 0.5 

Beam Power Unit as Gated-Beam Discriminator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ......................................... . 
Grid-No.2 (Accelerator-Grid) Voltage .......................... . 
Peak Positive Grid-No.1 Voltage ...............................• 
Average Cathode Current ...................................•••• 

330 
110 

60 
13 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

megohm 
,umhos 

mA 
mA 
mA 
mA 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
volts 
volts 

mA 

SHARP-CUTOFF 
TWIN PENTODE 6Jl1 

12 
H H 
12BW 

Duodecar type used as if-amplifier tube in television 
receivers. Outlines section, 8A; requires duodecar 12-
contact socket. 
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Heater Voltage (ac/dc) ......... , .............................• 6.3 volts 
Heater Current .... " .......................................... . 0.8 ampere 
Heater-Cathode Voltage: 

Peak value .... , ...........................................• 
Average value ........................................••..•• 

±200 max volts 

Direct Interelectrode Capacitances :*. 
Unit No.1: 

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 
Grid No.3 of Unit No.2, and Internal Shield '.", .......•• 

Plate to Cathode, Heater, Grid No.2, Grid No.3, Grid No.3 ' 
of Unit No.2, and Internal Shield .......................... . 

Unit No.2: ' ' 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, Grid No.3 

of Unit No.1, and Internal Shield , ...................... . 
Plate to Cathode. Heater, Grid No.2, Grid No.3, Grid No.3 of 

Unit No.1, and Internal Shield ........................... . 
Grid No.1 to Plate (Each Unit) ........................... . 
Cathode of Unit No.1 to Cathode of Unit No.2 ............. . 
Grid No.1 of Unit No.1 to Plate of Unit No.2 ............. . 
Grid No.1 of Unit No.2 to Plate of Unit No.1 ............. . 
Plate of Unit No.1 to Plate of Unit No.2 ................... . 

•• With external shield connected to cathode. 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage .......................• 
Grid-No.2 Votlage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value .......... . 
Plate Dissipation ........................................... " ..• 
Grid-No.2 Input: 

For grid No.2 voltages up to 165 volts .....................•• 
For grid No.2 voltages between 165 and 300 volts ...........• 

CHARACTERISTICS 
Plate Supply Voltage .......................................... . 

100 max volt. 

11 pF 

2.8 pF 

11 pF 

3.2 pF 
0.04 max pF 
0.02 max pF 

0.003 max pF 
0.003 max pF 

0.03 max pF 

330 volts 
330 volts 

See curve page 96 
o volts 

3.1 watts 

0.65 watt 
See curve page 96 

125 
Grid No.3 (Suppressor Grid) ........................... Connected 
Grid-No.2 Voltage ............................................. , 

to cathode 
125 

volts 
at socket 

volts 
ohms 

megohm 
"mhos 

mA 
mA 

volts 

Cathode-Bias Resistor .......................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current ............... : .................... , ............. . 
Grid-No.2 Current .............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 p.A 
MAXIMUM CIRCUIT VALUE . 
Grid-No.l-Circuit Resistance, for cathode-hias operation •.•..••• 

6JB6 
6JB6A 
I1JB6, 12JB6A, 
17JB6, 17JB6A, 

BEAM POWER TUBE 

Novar types used as high-efficiency hori:r.ontal-deflec­
tion amplifiers in television receivers. Outlines section, 
18A and 32, respectively; require novar 9-contact 
socket. Types 12JB6 and 12JB6A and types 17JB6 and 
17JB6A are identical with types 6JB6 and 6JB6A ex­
cept for heater ratings. 

Heater Voltage (ac/dc) .................. .. 
Heater Current ............................ . 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

6JB6 
6JB6A 

6.3 
1.2 

12JB6 
12JB6A 

12.6 
0.6 
11 

56 
0.2 

13000 
11 

3.8 
-3 

0.25 

1/ 

9QL 
17JB6 

17JB6A 
16.8 
0,45 

11 

megohm 

volt. 
ampel'es 
seconds 

Peak value ..... , .....................• ±200 max ±200 max ±200 max volts 
volts Average value ........................ . 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate .................. , ..................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Glid No.3 ......• ' •• _ 

0.2 
15 

6 

pF 
pF 
pF 
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CHARACTERISTICS 

Class A. Amplifier 
Pentode .' 

Connection 

311 

Plate Voltage ............................. . 

Triode 
Connection" 

150 60 150 volts 
Grid No.3 (Suppressor Grid) .............. . Connected to cathode at socket 
Grid No.2 (Screen-Grid) Voltage ..........•• 
Grid No.1 (Control-Grid) Voltage .........• 

150 150 volts 
-22.5 

4.4 
o -22.5 volts 

Mu-Factor, Grid No.2 to Grid No.1 ....... . 
Plate Resistance (Approx.) ............... . 
Transconductance ......................... . 
Plate Current ............................. . 
Grid-No.2 Current ......................... . 
Grid-No.1 Voltage fOl' plate current of 1 mA 

• Grid No.2 connected to plate . 

15000 
7100 

390. 70 
32. 2.1 

-42 

ohms 
"mhos 

mA 
mA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in B 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage .......................................• 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak Negative-Pulse Plate Voltage ............................ . 
DC Grid-No.3 Voltaget ....................................... . 
DC Gdd-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage .......................• 
Peak Cathode CUl'rent ......................................... . 
Average Cathode Current ......................................• 
Plate Dissipation· ............................................. . 
Grid-No.2 Input ...............................................• 
Bulb TemperatUl'e (At hottest point) .........................•. 
MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance, for grid-resistor-bias operation .... 

770 
6500 

-1500 
70 

220 
-55 

-330 
550 
175 

17.5 
3.5 
240 

volts 
volts 
volts 
volts 
volts 
volts 
volts 

rnA 
mA 

watts 
watts 

'C 

megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t For horizontal-deflection service, a positive voltage may be applied to grid No.3 to minimize 
"snivets" interference in both vhf and uhf television receivers. A typical value is 30 volts • 
• A bias resistor or other means is required to protect the tube in absence of excitation.. 

H 

9PM 

TYPE 6JB6 
GRID No.3 CONNECTED TO 

50 GR~A~~~~E ~IT~I~T, r--
C .0 

00 

00 

00 

o 

GRID-No. , \IOL"I1S 

I 1b -5 
I 50 

~IC2 -10 

'r ~CI= !15 
I 
~0 

ooM!:! ",'" 
d~ 

50 z c( 
1-g..J 

-20 

~ '-- -- -25 
--r-- ~i o 

40 80 120 160 200 240 
PLATE VOLTS 92CS-IQlT 

SHAR~CUTOFF PENTODE 
6JC6 

6JC6A 
3JC6, 3JC6A 
4JC6, 4JC6A 

Miniature type with frame grid used in if-amplifier 
stages of color and black-and-white television receivers 
utilizing intermediate frequencies in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-con-

-tact socket. Types 3JC6 and 4JC6 are identical with 
type 6JC6 except for heater ratings. Types 3JC6A and 
4JC6A are identical with type 6JC6A except for heater 
ratings, 
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3JC6 4JC6 6JCG 
3JC6A 4JC6A 6JC6A 

Heater Voltage (acldc) .................... 3.5 4.5 6.3 volts 
Heater Current ...................•.•••.••• 0.6 0.45 0.3 ampere 
Heater Warm-up Time (Average) .......••• 11 11 seconds 
Heater-Cathode Voltage: ' 

Peak value ..... . . . . . . . . . . . . . . . • . . • • • • • ±200 max ±200 max ±200 max volts 
Average value .................... '..... 100 max .100 max 100 max volts 

Direct Interelectrode Capacitances: 6JC6 UC6A 
Grid No.1 to Plate ........................... 0.019 max 0.019 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, ami Internal Shield .................... 8.2 8.5 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .................. ' ...... '. 8 3 pF 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .............. " .. , ................. . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Di"sipation ..................... , ............ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid No.3 '."., .... , ............................• 
Grid-No.2 Supply Voltage ...... ' ...................• 
Cathode-Bias Resistor ............................• 
Plate Resistance (Approx.) ....................... . 
TransConductance ................................ . 
Plate Current ....................................• 
Grid-No.2 CUlTent ................................ . 
Grid-No.1 Voltage (Approx.) for pla,te current of 

100 /LA ........... ; ...................... '" .•.• 
MAXIMUM CIRCUIT VALUES 
arid-No.l-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias operation ••••.•..............• 

TYPE 6JC6A 1 ,I. 
GRID NO.3 CONNECTED TO 

CATHODE AT SOCKET. 
GRID -No. 21 VOLTj • 12, 

330 330 volts 
o 0 volts 

330 330 volts 
See curve page 96 

o 0 volts 
2.5 3.1 watts 

0.6 0.7 watt 
See curve page 96 

125 125 volts 
Connected to cathode at socket 

125 125 volts 
56 56 ohms 

0.18 ,0.18 megohm 
15000 16000 pmhos 

13 14 mA 
3.2 3.4 rnA 

-3 

0.25 
1 

-3 

0.25 
1 

volts 

megohm 
megohm 

~ 
_C!.~)-NO.I !OLTS ~CI·O , if -.5 

6JC8 

"{'\ Ib -I 

/ _!.~2 EC,·O c----
/' -2 -1.5 

o 40 80 '20 '60 200 240 
PLATE VOLTS 92CM-1I948T 

MEDIUM-MU TRIODE­
SHARp·CUTOFF PENTODE 

Miniature type used as combined vhf oscillator and 
mixer tube in television receivers. Outlines section, 
6B; requires miniature 9-contact socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.45; warm-up time (average), 
11 seconds; maximum heater-cathode volts ±200 peak, 
100 average. 9PA 
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Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 

Triode Unit 
275 

313 

Pentode Unit 
275 volts 
275 volts 

Grid-No.2 Voltage ................................ . See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation .................................• 1.7 2.3 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts ....... . 0.45 watt 
For grid-No.2 voltages between 137.5 and 275 volts 

CHARACTERISTICS 
See curve page 96 

Plate Voltage ................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ................................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (ApPI·OX.) for plate current of 

20 p.A ...................................... .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................• 
For cathode-bias operation ....................• 

125 

-1 
40 

6000 
6500 

12 

-7 

H SHARP-CUTOFF PENTODE 

100 125 volts 
70 125 volts 

0 -1 volt 

300000 ohms 
6700 5500 p.mhos 

9 rnA 
2.2 rnA 

6.5 volts 

0.1 metlohm 
0.5 megohm 

6JD6 

9PM 

3ID6, 4JD6 

Miniature type used as if-amplifier tube in color and 
black-and-white television receivers utilizing an inter­
mediate frequency in the order of 40 MHz. Outlines sec­
tion, 6B; requires miniature 9-contact socket. Types 
3JD6 and 4JD6 are identical with type 6JD6 except for 
heater ratings. 

3J'D6 UD6 6JDG 
Heater Voltage (ac/de) .................... 3.5 4.6 6.3 volts 
Heater Current ............................• 0.6 0.45 0.3 ampere 
Heater Warm-up Time (Average) .........• 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ...........................• ±200 max ±200 max ±200 max volts 
Average value ......................... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ........................................ 0.019 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 8.2 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................• • • 3 pF 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................• 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage .............................................• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...........• 
Plate Dissipation .............................................•• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....................•• 
For grid-No.2 voltages between 165 and 330 volts ..........•. 

CHARACTERISTICS 
Plate Supply Voltage .........................................• 
Grid-No.3 VQltage ............................................. . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 Supply Voltage ..................................... . 
Cathode-Bias Resistor .........................................• 
Plate Resistance (Approx.) .................................•..• 
Transconductance .........................................•...•. 
Plate Current .................................................. . 
Grid-No.2 Current ..............................................• 
Grid-No.1 Voltage (Approx.) lor transconductance of 600 ILmhos .• 

330 volts 
o volt. 

330 volts 
See curve page 96 
o volts 

2.5 watts 

0.6 watt 
See curve page 96 

125 
o 

125 
o 

56 
160000 

14000 
15 
4 

-4.5 

volts 
volts 
volts 
volts 
ohms 
ohms 

ILmhos 
mA 
rnA 

volts 
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MAX1MUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-biaB oPeration ................................. . 

11.1 

~ 
..J 
IL 

TYPE 6JD6 
GRID No..3 CONNECTED TO CATHODE' 

....: AT SOCKET. -
GRlrNo. 2 VOLTS· li5 

I I 
\~! :tb gJ J 1 
h~o I GRID-No.1 VOLTS EC • -0.5 -

t;r.C2 _I 

10 J \.. r.b -1.5 

£ .- -2 1/2.5 
-3 

o 50 100 150 200 250 
PLATE VOLTS 92CS-1I9SIT 

0.25 
1 

6JE6 Refer to chart at end of section. 

6JE6A BEAM POWER TU BE 
H 

N ovartype used as horizontal-deflection amplifier in 
color television receivers. Outlines section. 32A; re­
quires novar 9-contact socket. Type 24JE6A is identi­
cal to type 6JE6A except for heater ratings. 9Ql 

Heater Voltage (ac/dc) ...........................• 
Heater Current .. . .............................. . 
Heater Warm-up Time ........................... . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ......................... " ..... . 

Direct Interelectrode Capacitances (Approx.): . 

UE6A 
6.8 
2.5 

2UE6A 
24 

0.6 
11 

±200 max ±200 max 
100 max 100 max 

Grid No.1 to Plate ...... , ................................. . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 

0.56 
22 
11 Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class Ai Amplifier 
Triode Pentode 

CHARACTERISTICS Connection· Connection 

megohm 
megohm 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

Plate Voltage .................................... . 
Grid No.3 (Suppressor Grid) ..................... . 

125 70 175 volts 
Connected to cathode at socket 

Grid-No.2 (Screen-Grid) Voltage ................. . 125 125 volta 
Grid-No.1 (Control-Grid) Voltage ................. . -25 0 -25 volts 
Amplification Factor ............................. . 3 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

1 mA .......... ; .............................. . 

Goot 
'S6t 

ohms 
/Lmhos 

130 mA 
2.8 m4 

-54 volts 

t This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
• Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-1ine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive-Puls.e Plate Voltage# ...... : .................... _ 

990 
'1500 

volts 
volta 
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Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.3 Voltage- ......................................... . 
DC Grid-No.2 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ........................ . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipation' ............................................. . 
Bulb Temperature (At hottest point) ...........................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For grid-resistor-bias operation- ........................... . 
For plate-pulsed operation (horizontal-deflection circuits only) 

-1100 
75 

220 
-330 

1200 
350 
3.2 
30 

250 

0.47 
10 

315 

volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

megohm 
megohms 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• In this service, a positive voltage may be applied to grid No.3 to minimize "snivets" in tel' ... 
ference; a typical value for this voltage is 30 volts . 
• A bias resistor or othel' means is required to protect the tube in absence of excitation. 

g 
N 
.; 
Z 
I 

c 
ii: 
t!) 

~ 
N 
,; 
'f 13 800 
915 
0:0.. 

TYPE 6JE6A 
GRID No.3 CONNECTED TO 

CATHODE AT SOCKET. 
GRID-No.1 VOLTS=O 

ISO .--- ~~ -> ( 
100.." l---0: o~ ~ 600 

( --~ - 15 
O~ 

-::1 tj':I! 400 

w 

o~ 200 V- -;;D-NO.2 VOLTS EC2=50 
25 I ·Ib IX 

IY" I---~--I-~! -- !~2-i~:' 
0.. 

-30 

o 100 200 300 400 500 o 100 200 
PLATE VOLTS 

92CS-I1880T 

HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

PLATE VOLTS 

6JE8 
IUE8 

300 
92CS-1I881T 

90X 

Miniature type used in television receiver applications. 
The triode unit is used as a voltage amplifier or sync 
separator, and the pentode unit as a video amplifier. 
Outlines section, 6E; requires miniature 9-contact 
socket. Type l1JES is identical with type 6JES except 
for heater ratings. 

GJE8 lUES 
6.3 10.9 

0.78 0.45 
Heater Voltage (ac/dc) ..........................• 
Heater Current . 0 • 0 0 ••• 0 ••• 0 0 • 0 0 •• 0 •••• 0 ••• 0 •••••• 

Heater Warm-up Time (Average) ............... . 11 
Heater-Cathode Voltage: 

Peak value .................................. . ±200 max ±200max 
Average value ..... 0 •••••••••• 0 •• 0 ••••••••• 0 •• 100 max 100 max 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ... 0 ••••• 0 0 •• 0 • 0 • 0 ••••• 0 0 • 0 •••• 0 • • • • • 300 330 
Grid-No.2 (Screen-Grid) Supply Voltage 0 .. 0....... 330 
Grid-No.2 Voltage .0 •• 0 ••• 0 •• 0 ••• 0.0.0 0 • 0 0 • • • • • • • • • See curve page 96 
Grid-No.1 (Control-Grid) Voltage Positive-bias value 0 0 
Plate Dissipation ........ 0 0 • 0 ••• 0 •• 0 • 0 ••••• 0 • 0 • • • • 1 5 
Grid-No.2 Input: 

ForO plate voltages up to 165 volts 0 ••• 0 • 0 • 0 0 • 0 • • 1.5. 
For plate voltages between 165 oand 330 volts .. See curve page 96 

CHARACTERISTICS 
Plate Voltage 0 •••••••••••••••••••••••••••••• 0 ••••• 

Grid-No.2 Voltage ....... 000.0.0 •••• 00.0 ••••• 0 •••• 

Grid-No.1 Voltage ...............................• 
Cathode-Bias Resistor ..... 0 • 0 •••• 0 •••••••• 0 • 0 ••••• 

Amplification Factor . 0 •• 0 • 0 ••••••••••• 0 ••••••••••• 

Plate Resistance (Approx.) ... 00 ••••••••••••••••••• 

Transconductance ...............................•• 

200 

-2 

70 

4200 

60 250 
176 170 

0 
82 

0.14 
12000 

volts 
ampel'e 
seconds 

volts 
volts 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

megohm 
j.£mbos 
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Plate Current ......................•.•••......•••• 4.5 22 mA 
Grid-No.2 Current ................................ . 4 mA 
Grid-No.1 Voltage (Approx.) for plate current ot 

10 /LA .....................•.•.•.•••••.••••••• -5 -10 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..••.•...•..........•• 
For cathode-bias operation ................... . 

0.5 
1 

0.25 
1 

megohm 
megohm 

... Grid-No.2 input may reach 2 watts for plate-dissipation values of 4 watts or less. 
• This value may be measured by a method involving a recurrent waveform such that the 
maxilnum ratings of the tube will not be exceeded. 

6JF6 BEAM POWER TUBE 
22JF6 

N ovar type used as horizontal-deflection amplifier in 
black-and-white television receivers. Outlines section, 
18A; requires novar 9-contact socket. Type 22JF6 is 
identical with type 6JF6 except for heater ratings. 

Heater Voltage (aclde) ....................... .. 
Heater Current ................................. . 
Heater Warm-up Time (Avemge) ............... . 
Heater-Cathode Voltage: 

6JF6 
6.3 
1.6 

22JF6 
22 

0.45 
11 

9QL 

Peak value ................................. . ±200 max ±200 max 
Average value .......................... , ..... . 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate .................. , ..................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Ai Amplifier 
CHARACTERISTICS 

1.2 
22 
9 

Triod.· 
Connection 

125 
Pentode Connection 

Plate Voltage ..................... . 50 130 
Peak Positive-Pulse Plate Voltage# .. 6500 
Grid No.3 (Suppressor Grid) ....... . Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage ... . 125 125 125 
Grid-No.1 (Control-Grid) Voltage .. 
Tl'iode Amplification Factor .......• _ 
Plate Resistance (Approx.) .........• 
Transconductance ..................• 

~20 
4.1 

o -20 

Plate Current ...................... . 
Grid-No.2 Current ................. . 
Grid-No.1 Voltage. for plate current 

of 1 mA ...................... -125 

525t 
32t 

Horizontal-Deflection Ampl ifier 
For operation in a 525-line, aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply V oitage •....................................... 
Peak Positive-Pulse Plate Voltage# .................... . 
Peak Negative-Pulse Plate Voltage ...................... . 
DC Grid-No.3 Voltage" ................................. . 
DC Grid-No.2 Voltage ................................ . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 
Peak Cathode Current .... . .................................. . 
Average Cathode Current ...................................... . 
Grid-No.2 Input ............... . ................. . 
Plate Dissipationt .................................... . 
Bulb Temeprature (At hottest point) ......................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

12000 
10000 

80 
2.5 

-40 

770 
6500 

-1500 
100 
2.0 

-330 
950 
275 
3.5 
17 

240 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

volts 
volts 

ohms 
./Lmhos 

mA 
mA 

volts 

volts 
volts 
volts 
V01tS 
volts 
volts 

mA 
mA 

watts 
watts 

°0 

For grid-resistor-bias opel'ationt ....................... 0.47 megohm 
For plate-pulsed operation 

(horizontal-deflection circuits only) .................. 10 megohms 
• Grid-No.2 connected to plate at socket. 
t This value can be measured by. a method involving a l'ecurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
# Pulse duration must not el{ceed 15% of a horizontal scanning cycle (10 microseconds). 
* In this service, a positive value may be applied to grid No.3 to minimize "snivets" inter .. 
ference; a typical value for this voltage is 50 volts. 
? A bias resistor or other means is requh'ed to protect the tube in absence of excitation. 
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TYPE' 6JF6 
GRID No. " CONNECTED TO 

CATHODE AT SOCKET. 
-N 
o 

100!::! 

TYPE 6JF6 GRID-No.1 VOLTS. 0 
GRID No. " CONNECTED TO CATHODE 

, GRID-No. 2 VOLTS = 125 
AT SOCKET. ~_~_,.-_.---I 

UI 
1&1 

+--1---4--1--1--180 15 
0-
:E 

=~-:;-;r.=--l'--l-~60 :! 
:j 
:E 

1~~~~~~~-+--+-~40N 
.; 
Z 

1~~~~~~~~~~-~1~5~~20b -20 iE 
-25 0 C> 

o 100 200 300 400 500 
PLATE VOLTS 92CS-1I927T2 

o 
92CS-1i923T2 

Refer to chart at end of section. 6JG6 

6JG6A 
BEAM POWER TUBE 17JG6A,2UG6A 

9QU 

Novar type used as horizontal-deflection amplifier in 
low-B+, black-and-white television l'eceivers. Outlines 
section, 3lB; requires novar 9-contact socket. For 
curves of average plate characteristics, refer to type 
6JF6. Types l7JG6A and 22,JG6A are identical with 
type 6JG6A except for heater mtings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

Peak value .......................... . 
Average value ....................... . 

Direct Interelectrode Capacitances: 

GJGSA 
6.3 
1.6 

17JG6A 
16.8 
0.6 
11 

±200 max ±200 max 
100 max 100 :max 

22JG6A 
22 

0.45 
11 

±200max 
100 max 

Grid No.1 to Plate ...........................................• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

0.7 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ............................. . 

Triode" 
Connedion 

125 

22 
9 

Pentode 
Connection 

60 130 
Grid No.3 (Suppressor Gl'id) ............... . Connected to cathode 
Grid-No.2 (Screen-Grid) Voltage .......... . 
Gl·id-No.1 (Control-Grid) Voltage ......... . 
Amplification Factor ...................... . 
Plate Resistance (Approx.) ................ . 
Transconductance ......................... . 
Plate Current ............................. . 
Grid-No.2 Current .........................• 
Grid-No.1 Voltage (Approx.), 

for plate CUrl'ent of 1 mA ............. . 

• With grid No.2 connected to plate at socket. 

-20 
4.1 

125 125 
o -20 

12000 
10000 

625- 80 
32- 2.5 

-4.0 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
at socket 

volts 
volts 

ohms 
pmhos 

rnA 
rnA 

volts 

- This value can be measured by a method involving a }"ecurrent waveform such that the 
maximum ratings of the tube will not he exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage .................................... .. 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................ . 
DC Grid-No.3 .Voltage" ....................................... . 
DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current .......................................••• 

770 
6500 

-lliOO 
75 

220 
-55 

-330 
960 

volts 
volts 
volts 
volts 
volts 
volts 
volts 

rnA 
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Average Cathode Current ..................................... . 
Plate Dissipationt .............................................• 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE 

275 
17 

3.5 
240 

mA 
watts 
watts 

'C 

Grid-No.l-Cireuit Resistance, for grid-No.l-resistor-bias operation 2.2 megohms 

# Pulse duration must not exceed. 15% of a horizontal scanning cycle (10 microseconds). 
* In a horizontal-deftection-amplifier service, a positive voltage (typical value, 30 volts) may 
be applied to grid No.S to reduce "snivets" interference, which may occur in both vhf and 
uhf television receivers. 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

6JH6 SEMIREMOTE-CUTOFF 
PENTODE 

Miniature type used in the gain-controlled picture if­
amplifier stages of color and black-and-white television 
receivers. Outlines section, 5C; requires miniature 7-
contact socket. For curves of average plate characteris­
tics, refer to type 6BZ6. 
Heater Voltage (acide) ........•......•.......................•. 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances: Unshielded 
Grid No.1 to Plate ............................ 0.025 max 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield .............. 7 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ......................... 2 

• With external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................• 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 150 and 300 volts ........... . 

CHARACTERISTICS 
Plate Supply Voltage ......................................... . 

~
p 

4 1:( 

H 3 ::: b G2 

2 7 
K G3 

1 IS 

GI 

7CM 
6.3 volts 
0.3 ampere 

±200 max volts 
100 max volts 

Shielded· 
0.015 max pF 

7 pF 

3 pF 

300 volts 
o volts 

300 volts 
See curve page 96 
o volts 

0.55 watt 
See curve page 96 

125 
Grid No.3 ............................................. Connected to cathode 

125 

volts 
at socket 

volts 
ohms 

megohm 
jLmhos 

Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor ...................... : ................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Transconductance Range for grid-No.1 voltage of --4.5 volts and 

cathode-bias resistor of 56 ohms ........................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for transconductance of 50 pmhos 
MAXIMUM CIRCUIT VALUES 

Grid-No.l-Circuit Resistance: 
For fixed-bias operation ...............•...................• 
For cathode-bias operation ................................. . 

6JH8 BEAM-DEFLECTION TUBE 

Miniature type used in color-demodulator and burst­
gate circuits in color television receivers. This type 
has two plates and two deflecting electrodes; the con­
trol grid varies beam deflection. Outlines section, 6E; 
requires miniature 9-contact socket. Pin 5 should be 
connected. to cathode at socket. The 6JH8 should be 

56 
0.26 
8000 

400-900 
14 

3.6 
-19 

0.25 
1 

jLmhos 
mA 
mA 

volts 

megohm 
megohm 
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so located in the equipment that it is not subjected to stray magnetic fields. 
Heater Voltage (ae/de) ....................................... . 
Heater Current ................................................• 
Direct Interelectrode Capacitances: 

Grid No.1 to All Otber Electrodes, Except Both Plates .....• 
Grid No.1 to Deftecting Electrode No.1 .....................• 
Grid No.1 to Deftecting Electrode No.2 ...................... . 
Plate No.1 to All Other Electl'Odes .........................• 
Plate No.2 to All Other Electl'Odes ......................... . 
Plate No.1 to Plate No.2 ................................. . 
Deftecting Electrode No.1 to All Other ElectI'odes ......... . 
Deftecting Electrode No.2 to All Other Elecetrodes ......... . 
Deftecting Electrode No. 1 to Deftecting Electrode No.2 

Color TV Demodulator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Plate) ............................. _ ... _ •• 
Peak Deftecting-Electrode Voltage (Each Electrode): 

Negative value ............................................ . 
Positive value ............................................. . 

Grid-No.3 (Accelerating-Grid) Voltage ..... . .....•............• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...........• 
Cathode Current .. . ........................................... . 
Plate Dissipation (Each Plate) ...............................•• 
Grid-No.3 Input ..............................................•• 
MAXIMUM CIRCUIT VALUES 
GI·id-No.l Circuit Resistance: 

For fixttd-bias operation ...................................• 
For cathode-bias operation .................................• 

Class A, Amplifier 

6.3 volts 
0.3 ampel'es 

7.5 pF 
0.04 max pF 
0.07 max pF 

5.0 pF 
5.0 pF 
0.4 pF 
4.8 pF 
4.8 pF 

0.38 I.F 

330 volts 

-165 volts 
165 volts 
330 volts 

0 volts 
33 mA 

3 watts 
1 watt 

0.1 megohm 
0.25 megohm 

With both plates eonneded together and with both 
deftecting elec:trodes connec:ted to cathode at socket 

CHARACTERISTICS 
Plate-No.1 Supply Voltage .....................................• 
Plate-No.2 Supply Voltage .....................................• 
Grid-No.3 Voltage .............................................• 
Cathode-Bias Resistor '" .....................................•• 
Transconductance .............................................•• 
Total Plate Current ...........................................• 
Grid-No.3 Current .......... . ....... . 
Grid-No.1 Voltage (Approx.) for total plate current of 10 pA ... . 

DUAL TRIODE 

250 
250 
250 
220 

4400 
14 

1.5 
-13 

6JK8 

volts 
volts 
volts, 
obn'ls 

pmhas 
rnA 
rnA 

volts 

9AJ 

Miniature type used as combined rf-amplifier and 
mixer-oscillator tube in FM tuners. Unit No.1 is used 
as an oscillator-mixer, and unit No.2 is used as an rf 
amplifier. Outlines section, 6B; requires miniature 9-
contact socket and may be mounted in any position. 

Heater Voltage (ac/dc) .......................................• 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage ................................. . 
Direct Interelectrode Capacitances: Unit No.1 

Grid to Plate ................................ 1.4 
Grid to Cathode, Heater, and Internal Shield .• 3 
Plate to Cathode, Heater, and Intel'nal Sbield .• 1 
Heater to Cathode ...........................• 2.8 
Grid of Unit No.1 to Grid of Unit No.2 ..................•• 
Plate of Unit No.1 to Plate of Unit No.2 ...................• 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................... . 
Negative Grid Voltage ........................... . 
Average Cathode Current .........................• 
Plate Dissipation ...............................•• 
CHARACTERISTICS 
Plate Voltage .................................... . 

Unit No.1 
Oscillator 

165 
-50 

22 
1 

100 

6.3 volts 
0.4 ampere 

±100 max volts 
Unit No.2 

6.6 pF 
5 pF 
4 pF 

2.8 pF 
0.003 max pF 
0.009 max pF 

Unit No.2 
RFAmplifier 

200 volts 
-50 volts 

.22 rnA 
2 watts 

135 volts 
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Gdd Voltage ..................................... .. 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ........... : .................... . 
Plate Current .................................... . 
Grid Voltage (Approx.): . 

For plate current of 20 p.A ....................• 
Fol' transconduetance of 150/Lmhps ........... . 
For transconductance of 1500 p.mhos .......... . 

-1 
55 

8000 
6800 

6.3 

-4.4 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance, for cathode-bias operation .• 1 

6JM6 
6JM6A BEAM POWER TUBE 

1711\16 
17JM6A 

Duodecar types used as horizontal-amplifier tuhes in 
color and black-and-white television receivers. Outlines 
section, 16A; require duodecar 12-contact socket. Types 
17JM6 and 17JM6A are identical with types 6JM6 and 
6JM6A except for heater ratings. 

Heater Voltage (ae/de) .......................... . 
Heater Current' ..................................• 
Heater Warm-up Time (Average) ..................• 
Heater-Cathode Voltage: 

Peak value .........................•.....•..• 
Average value ............................... . 

Direct Interelectrode Capacitances: 

6JM6 
6JM6A 

6.3 
1.2 

±200 max 
100 max 

Grid No.1 to Plate ...... , .................................. . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ....... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........•. 

Class Al Amplifier 

-1.2 
70 

5400 
13000 

10 

-5.5 
-2.8 

1 

12FJ 

17JMG 
17JM6A 

16.8 
0.45 

11 

±200max 
100 max 

0.6 
16 

7.0 

Triode'· 
CHARACTERISTICS 
Plate Voltage .....................•. 
Grid-No.3 (Suppressor-Grid) ........• 
Grid-No.2 (Screen-Grid) Voltage .... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Plate Resistance (:Approx.) ......... . 
Transconductance .................. . 
Plate Cunent ....................... . 
Grid-No.2 Current . < ••••••••••••••••• 

Grid-No.1 Voltage (Approx.) for plate 

Pentode Connection ConneCtion 
5000 60' 250 150 
Cpnnected to cathode at socket 
1W UO 1W 1W 

o -22.5 -22.5 
18000" 

345* 
27*t 

7300 
65 

1.8 

current of 1 p.A ..................... -100 -42 
Amplification Factor ............... . 4.4 
MAXIMUM CIRCUIT VALUE 

volts 

ohms 
pmhos 

mA 

volts 
volts 
volts 

megohm 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 

volts 
volts 
ohms 

pmhos 
rnA 
rnA 

volts 

Grid-No.1-Circuit Resistance ..................................... megohm 

• This value can be measured by a method utilizing a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded . 
•• Gdd No.2 tied to plate . 
• For type 6JM6A this value is 55 . 
•• 'For type 6JM6A this value' is 15000. 
t For type 6JM6A this value is 30. 

Horizontal·Deflection Amplifier 
For operation in a 525·line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ......................... ; ............. . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak Negative-Pulse Plate Voltage .. ,' .......................... . 
DC Grid-No.3 Voltage .................... ; .................... . 
DC Grid·No.2 Voltage ......................................... . 
DC Grid·No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-PulSe Grid-No.1 Voltage ......................... . 
Average Cathode Current ...................................... . 
Peak Cathode Current .......................................... . 
Plate Dissipation## .......................................... .. 

770 
6500 

-1500 
70 

220 
-55 

-330 
175 
550 
17.5 

volts 
volts 
volts 
volts 
volts 
volts 
volts 
rnA 
rnA 

watts 
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Gl·id-No.2 Input ......................•••.•..•.•...•• : ...•.••••• 
Bulb- Temperature (At hottest point) ........................... . 

3.5 
220 

321 

watts 
"C 

# Pulse duration must not e)tceed 15',1,) of a hOl"izonj;al scanning cycle (10 microseconds t. 
## A bias resistol' or other means is l'equired to pl'Otect the' tube in absence of excitation. 

NC P 
6JN6 

BEAM POWER TUBE 12JN6,17JN6 

12 
H H 

12FK 

Duodecar type used as horizontal-amplifier tube in 
color and black-and-white television receivers. Outlines 
section, 15A; requires duodecar 12-contact socket. This 
type is electrically identical with type 6JM6 except 
that it has a slightly lower grid-No.l-to-plate capaci­
tance. Types . 12JN6 and 17JN6 are identical with type 
6JN6 except for .heaterratings. 

Heater Voltage (ac/dc) ....................... .. 
Heater Current ................................ . 
Heater Warm-up Time (Average) .............. . 
Direct Interelectrode Capacitances : 

6JNG 
6.3 
1.2 

lUNG 
12.6 

0.6 
11 

Grid No.1 to Plate ......................................... .. 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ........ . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ...•.•••..•• 

17JNG 
16.8 
0.45 

11 

O.S4 
16 

7.0 

volts 
amperes 
seconds 

pF 
pF 
pF 

6JN8 

9FA 

,MEDIUM-MUTRIODE­
SHARP-CUTOFF PENTODE UIN8; .',N8 

Miniature type used as FM converter and rf amplifier 
in radio receivers. Outlines section, 6B; requires minia­
ture 9-contact socket. Types 12JN8 and 19J~8 are 
identical with type 6JN8 except for heater ratings. 

Heater Voltage (ac/dc) ..................... . 
Heater Current . . . . . .. . ............... . 
Heater Warm-up Time (Average) ........... . 
Heater·Cathode Voltage: 

6JN8 
6.3 

0.45 
11 

IUNS 
12.6 

0.225 

Peak value ............................. ±200 max ±200 max 
Average value. . . . . . . . . , . . . . . . . . . . 100 max 100 max 

Direct Interelectrode Capacitauces :. 
Pentode Unit: 

Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode, Heater, Gdd No.2, Gdd No.3, and Intel'nal 

Shield ............................................ .. 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield ................................................... . 
Triode Unit: 

Grid to Plate ..............................................•. 
Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield ......................................•. 
Plate to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield ...................................... .. 

• With external shield connected to cathode of unit under test. 

Class A, Amplifier 

19JN8 
18.9 
0.15 

±200 max 
100 max 

0.01 

5.5 

3.4 

1.7 

3.2 

2.2 

MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 300 300 
Grid-No.2 (Screen-Grid) Supply Voltage ............ 300 
Grid-No.2 Voltage ................................. See curve page 96 
Gdd-No.1 (Contl'Ol.Gdd) Voltage, Positive-bias value 0 0 
Plate Dissipation .................................. 2.6 2.5 
Grid.No.2 Input: 

For grid-No.2 voltages up to 150 volts ........... 0.55 
For grid-No.2 voltages between 150 and 300 volts See CUl've page 96 

CHARACTERISTICS 
Plate Voltage ..................................... . 125 125 
Grid-No.2 Voltage ................................ . 125 
Grid-No.1 Voltage ................................ . -1 -1 
Amplification Factor .............................•• 46 

volt. 
ampel'e 
seeonds 

VI)lts 
volt.", 

})F 

p1' 

pI? 

pF 

l>F 

pF 

vnlt.s 
volts 

vc)1t~ 
watts 

watt 

vo1ts 
volts 
\'olt 
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Plate Resistance (Approx.) ....... , •••••.•........• 
Transconductance ................................. .. 
Plate Current .................................... . 
Grid-No.2 Current ...............................•• 
Grid-No.1 Voltage (Approx.) for plate current of 

10l'A ...................................•..••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias operation ............ : ...••.• 

5400 
8500 
13.5 

-8: 

2.2 
2.2 

200000 
7500 

12 

" .,.-8 

2.2 
2.2 

6JS6 Refer to chart at end of section. 

6JS6 
6JS6A 

3l.JS6A 

BEAM POWER TUBE' 

ohm. 
"mhos 

mA 
mA 

volts 

megohms 
megohms 

Duodecar types used as horizontal-deflection amplifiers 
in color and black-and-white television receivers. Out· 
lines section, 16B; require duodecar 12-contact socket. 12FY 

Heater Voltage (ac/dc) .......................•••• 
Heater Current ..................................• 
Heater Warm-up Time (Average) .............. ;. 
Heater-Cathode Voltage: 

Peak value ................................. . 
Average value ................................ . 

Direct Interelectrode Capacitances: 

GJSG 
GJSGA 

6.3 
2.25 

3lJSGA 
3Ui 
0.45 

11 

±200 max ±200 max 
100 max 100 max 

Grid No.1 to Plate .......................................... . 0.7 
24 
10 

Grid No.1 to Cathode. Heater. Grid No.2. and Grid No.3 ..... . 
Plate to Cathode. Heater. Grid No.2. and Grid No.3 .......••• 

Class Ai Amplifier 
CHARACTERISTICS 

Plate Voltage .................•.•... 
Grid No.3 (Suppressor Grid) ....... . 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Plate Resistance (Approx.) ........ . 
Transconductance ................... . 
Plate Current ..................... . 
Grid-No.2 Current ................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ............ .. 
Triode Amplification Factor .........• 
MAXIMUM CIRCUIT VALUE 

Triodeff 
Conneetion 

125 

125 
-25 

Pentode Connection 
5000 70- 175 

Connected to cathode at socket 
125 126 125 

-140 

o -25 
5600 

11300 
570t 125 
34t 4.!) 

-54 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 

volts 
volts 
ohms 

pmhos 
mA 
mA 

volts 

Grid-No.1-Circuit Resistance ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . megohm 

t These values can be measured' by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
tt Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-lIne. 30-frame s"stem 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage........................................ 990 volts 
Peak Positive-Pulse Plate Voltage# ............................ 7500 volts 
Peak Negative-Pulse Plate Voltage ............................ 1100 volts 
DC Grid-No.3 Voltage ............................................ 70 volts 
DC Grid-No.2 Voltage .......................................... 190 volts 
Peak Negative-Pulse Grid-No.1 Voltage ......................... -250 volts 
Average Cathode Current ........................................ 315 mA 
Peak Cathode Current .......................................... 1100 mA 
Plate Dissipation.. . ......•..•.....•.......... ;................. 28 watts 
Grid-No.2 Input ................................................. 5.5 wa~tsc 
Bulb Temperature (At hottest point) ........•..•................ 225 

# Pulse duration must not exceed 15% of one hol'izontal scanning cYcle (10 microseconds). 
** A bias resistor or other means is required to protect the tube in absence of excitation. 
- For the 6JS6 this value Is 62. 
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o 100 200 300 400 
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BEAM POWER TUBE 

6JT6 
·6JT6A 

323 

l:UT6, 12JT6A, 
17JT6, 17JT6A 

Novar types used as horizontal-deflection amplifiers in 
high-efficiency deflection circuits of black-and-white 

9QU television receivers employing wide-angle or high-
voltage picture tubes. Outlines section, l7C and alA, respectively; require 
novar 9-contact socket. Types l2JT6 and l2JT6A and types 17 JT6 and 
l7JT6A are identical with types 6JT6 and 6JT6A except for heater ratings. 

Heater Voltage (ac/dc) ........................ . 
Heater Current ...............................• 
Heater Warm-up Time (Average) .............. . 
Heater-Cathode Voltage: 

SJT6 
6JT6A 

6.3 
1.2 

12JTG 
12JT6A 

12.6 
0.6 
11 

Peak value .......................... . ±200 max ±200 max 
Average value ....................... . 100 max 100 max 

Direct Intereleetrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid :No.3 .......•.• 

Class A, Amplifier 

l7JT6 
l7JT6A 

16.8 
0.45 
.ll 

±200max 
100 max 

0.26 
15 

6.5 

Pentod. Triod.* 
CHARACTERISTICS Connection Connection 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

Plate Voltage .................................. . 60 250 150 volts 
Grid No.3 (Suppressor Grid) ................. . 
Grid-No.2 (Screen-Grid) Voltage .............. . 
Grid-No.1 (Screen-Grid) Voltage ..............• 
Triode Amplification Factor ...................• 
Plate Resistance (Approx.) ...................• 
Transconductance ....................•........• 
Plate Current ................................. . 
Grid.No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

1 rnA .......•............................• 

• Grid No.2 connected to plate • 

Connected to cathode at socket 
150 150 150 volts 

o -22.5 -22.5 volts 

15000 
7100 

890. 70 
82. 2.1 

~2 

4.4 
ohms 

pmhos 
mA 
mA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
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.. ,', Horizdntal~Defiection Amplifier 
"" FClr' operatioli.in a' 625-Une. 30-fraQ,e 8YStem 

MAXIMUM RATINGS (Deslgn-MiKimum Values) , 
DC Plate Supply V:ol~e .•. ; ... : .... ~ ..... ;;"'~~ ..... ~.~.,~~- •••• ( •••••••• 

'c Peak Positive-Pulse Plate Voltage#.~~,.~,; •••••• ' ••. ;.: ........... . 
Peak· Negative-Pulse:.·'Plate Voltage.-- ....... ' ..... ~~ ............... . 

. DC Grid-No.3 VoltageA ....... ; •.. :' •...••• ; •. ; ..................... . 
DC Grid-No.2 Voltage .. : .......... : ............................. .. 
DC Grid-No.1 Voltage. 'Negative-bias value ................. , .. . 
Peak Negative-Pulse Grid-No.1 Voltage ..........•.•............ 
Peak Cathode Currep,t .....•... ' ................................ . 
Average Cathode Current ..... :; .................... , ... , ...... . 

~~i~~N~~SSif:~~~nt .. : : : : : ;: : : : :: :: :: :: : : :: : : : : : : :: :': : :: : : : : : : : : : : : 
. Bulb Temperature (At hottest point) ............. , .............• 

MAXIMUM CIRCUIT VALUE 

770 
6500 

-1500. 
70 

220 
-55 

-330 
550 
175 

17.5 
3.5 
240 

volta 
volta 
volts 
volta 
volts 
volts 
volts 

rnA 
mA 

watts 
watts 

"C 

Grid-No.1-Circuit Resistance, for g,id-"esistor-bias operation ...... 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
... A positive voltage may be applied to gl-id No.3 to reduce interference from "snivets" which 
may occur in television receivers. A typical value for this voltage is 30 volts. 
l' A bias resistor or 'other means. is required to protect the tube in absence of excitation. 

-:;;500 
!j 

!:l400 
II: 
III 
0-

~ 300 

...I 

2200 
III 
!;;: .r 100 

o 

TYPE 6JT6A 
GRID No.3 CONNECTED. TO 
CATHODE AT SOCKET. 
GRID-No.2 VOLTS-150 

I -
. /"GRlb-NO.1 VOLTS EClaO 

Ib -:§. I 

A~ -10 

r. I 
-15 

T-= II-'ECI=O -20 ~ 
r ~-+- -25 - - o 

100 200 300 
PLATE VOLTS 92CS-1248or 

6JT8 HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

lOlT8 

Miniature type with frame-grid pentode unit used in 
color and black-and-white ,television receivers. The 
triode unit is used as a voltage-amplifier or sync­
separator tube, an,d the pentode unit is used as a 
video-amplifier tube. Outlines section, lOA, except base 
is small-button miniature 9-pin; requires miniature 9-
contact socket. Type lOJT8 is identical with type 
6JT8 except for heater ratings. 

Heater Voltage (ac/de) ........................ .. 
Heater Current ................................... . 
Heater Wal'm-up Time (Average ................. . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............ : .................. . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

6JT8 
6.3 

0.725 

±200 max 
100 max 

10JT8 
10.2 
0.45 

9DX 

11 
±200max 

100 max 

volta 
ampere 
seconds 

volts 
volta 

Triode Unit Pentode Unit 
Plate Voltage ................................... . 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 

330 volts 
See curve page 96 . 

o 0 volts 
1 4 watts 



TECHNICAL DATA 

Grid-N!l.2 Input: 
For grid-No.2 voltages up to 165 volts .......• 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ........................•.•• 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate· cunent of 

100 /LA ....................................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 /LA ...................................... .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Clrcuit Resistance:' 

For fixed-bias operation .................... .. 
For cathode-bias operation ................... . 

260 

-':2 

100 
87000 

2700 
1.6 
"-

-6.3 

0.6 
.1 

325 

1.1 watts 
See curve page 96 

60 200 volts 
100 100 volts 

0 volts 
82 ohms 

60000 ohms 
20000 pmhos 

55- 17 mA 
18- 3.5 mA 

-5 volts 

volts 

0.25 megohm 
1 megohm 

• This vaiue can be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

recurrent waveform such that the 

BEAM POWER TUBE 6JU6 
Novar type used as horizontal-deflection amplifier in 
color television receivers. Outlines section, 18A; re­
quires novar 9-contact socket. 

SQl 
Heater Voltage (s.c/de) ........ , .......... : ....................• 11.3 
Heater Current ..... . ......................................... . 1.6 
Heater-Cathode Voltage: 

Peak value ................................................ . ±200 max 
Average value ............................................. . 100 max 

Dil'ect Interelectrode Capacitances: 
G"id No.1 to Plate ......................................... . 1.2 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... , .• 22 
Plate to Cathode, Heate,', G"iil No,2, and Grid No.3 9 

Class Ai Amplifier 
CHARACTERISTICS 

Triodet 
Connection Pentade Connection 

Plate Voltage ..................... . 125 50 130 
Peak Positive-Pulse Plate Voltage# .. 6500 
Grid No.3 (Suppressor Grid) ....... . Connected to cathode at 
Grid-No.2 (Screen-G"id) Voltage ... . 125 125 125 
G,·id-No.l (Control-Grid) Voltage ... , --20 0 
Amplification Factor ............... , 4.7 
Plate Resistance (ApPl'ox.) ......... , 
Tl'ansconductance , .................. . 
Plate Current ..................... , HOti' 
Grid-No.2 CUI'rent ................. . 32tt 
Grid-No.1 Voltage fo,' plate cUI','ent 

of 1 mA ..................... . -75 

Horizontal-Deflection Amplifier 
For operation in a 52S-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plat .. Supply Voltage ...................................... . 
Peak Positive--Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ......... , ................... . 
DC Grid-No.3 Voltage" ...................................... , .. 
DC Grid-No.2 Voltage ........................ : ................ . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-Pulse Gl'id-No.1 Voltage ........................ . 
Peak Cathode Current ..... , ........... : ................ " ....... . 
Average Cathode CUI'rent .............. ' ....................... . 
Grid-No.2 Input ............ . ........ , . , , ............... . 
Plate Dissipation·· ... . . . ............................. . 
Bulb Temperature (At hottest point) ., .... , ........ , ..... , •....•••.••• 

125 
-20 

18000 
7000 

45 
1.5 

-32 

770 
6500 

-1500 
75 

220 
-55 

-330 
950 
275 
3.5 
20 

240 

socket 

volts 
ampe)'es 

volts 
v.o}ts 

pF 
pF 
)}F 

voIt.R 
volts 

volts 
volt~ 
volts 
ohm~ 

".mho.;; 
rnA 
rnA 

vult" 

volts 
volis 
volts 
'volt:>; 
volts 
voltfi 
volts 
rnA 
rnA 

watts 
,vatt~ 

'C 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: , 

For grid-resistor-bias operation ........•....•......•••..••••• 0.47 
For plate-pulsed opera,tion ................................... 10 

"" Pulse duration. must not exceed 15% of one horizontal scanning cycle (10 
t Grid No.2 connected to plate. 

megohm 
megohms 

microseconds). 

tt This value can be measured by a .method involving. a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded . 
• In this service. a positive value may. be applied. to grid No.3 to minimize' "snivets" inter­
ferenee; a typical value for this voltage is SO voltS • 
•• A bias resistor or other means is required to protect the tube in absence of excitation. 

TYPE 6JU6 
GRID No.3 CONNECTED TO 

CATHODE AT SOCKET. 
GRID-No.1 VOLTS-O 

No.2. VOI-TS EC =175-
GRID- , 1!l0 

? ~ 

[Igg.. , m: 
r 50' y;. 

'r 
'0 110 . ~I ~Q. _~IO 400 

PLATE VOLTS O~~~~~~~~3003;~~~~~1-~o 

6JU8 
6JU8A 

QUADRUPLE DIODE 

PLATE 

Miniature types used in phase-detector and noise-im­
mune color-killer circuits of color television receivers, 
and in bridge-matrixing circuits in FM stereo multiplex 
equipment. Outlines section, 6E and 6B, respectively; 
require miniature 9-contact socket. Units 1 and 2 are 
shielded from units 3 and 4 to minimize coupling be­
tween the series-connected pairs of diodes. 
Heater Voltage' (ae/de) .................................•.••..• 
Heater Current .................•.......................... ' ...• 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances (Approx.): . 

Plate of Unit No.1 and Cathode of Unit No.2 to Cathode of 
Unit No.1 ... c ............................................ . 

Plate of Unit No.1 and Cathode of Unit No.2 to Plate of 
Unit No.2 ............................. .: .................• 

Plate of Unit No.2 to Heater and Internal Shield ........... . 
Plate of Unit No.S and Cathode of Unit No.4 to Cathode of 

Unit No.3 ...............................................• 
Plate of Unit No.3 and Cathode of Unit No.4 to Plate of 

Unit No.4 ..................................... , .........• 
Plate of Unit No.4 to Heater and Internal Shield .........•.• 
Cathode of Unit No.1 to Heater and Internal Shield ........ . 
Cathode of Unit No.S to Heater and Internal Shield .........• 

MAXIMUM RATINGS (Design-Center Values. Each Diode Unit) 
Peak'Inverse Plate Voltage ..................................... .. 
Peak Plate Current .........•..................................• 
Average Output Current ........................................ . 
CHARACTERISTICS, Instantaneous Va"ue (Each Unit) 
Plat':; Current for plate voltage of 10 ,wits ..................... . 

92CS-12653T1 

H 

9PQ 

6.3 volts 
0.6 ampere 

±300max volts 

1.8 pF 

2.2 pF 
0.62 pF 

1.9 pF 

2.2 pF 
0.94 pF 

1.8 pF 
1.9 pF 

300 volts 
64 volts 

9 mA 

60 mA 
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HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 
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6JV8 
ova 

9DX 

Miniature type used in television receiver applications, 
particularly those having low-voltage "B" supplies. 
The triode unit is used in sound-if, keyed-agc, sync­
separator, sync-amplifier, and noise-suppression cir­
cuits. The pentode unit is especially useful as a video 
amplifier tube. Outlines section, 6E; requires minia­
ture 9-contact socket. Type 8JV8 is identical with type 
6JV8 except for heater ratings. 

Heater Voltage (acldc) ...........•.........•.•.• 
Heater Current ..................................• 
Heater Warm-up Time (Average) ..............•• 
Heater-Cathode Voltage: 

Peak value ................................••• 
Average value ...............................• 

Direct Interelectrode Capacitances (Approx.): 
Triode Unit: 

6JV8 
6.3 
0.6 
11 

±200max 
100 max 

Grid to Plate ................................••..........•• 
Grid to Cathode and Heater ...............................• 
Plate to Cathode and Heater ............................ .. 

Pentode Unit: 
Grid No.1 to Plate .....................................•••• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................•••• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .........................................•• 
Pentode Grid No.1 to Triode Plate ......................... ' .•• 
Pentode Plate to Triode Plate ................................• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage ....................................• 
Grid-No.2 (Screen-Grid) Voltage ...............••• 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ..........................•• 
Negative-bias value ..........................• 

Plate Dissipation ...............................•• 
Grid-No.2 Input ..................................• 

330 

0 
-50 

1.1 

8JV8 
8.5 

0.45 
11 

±200 max 
100 max 

2.2 
3 
2 

0.08 max 

8 

3.2 
0.012 max 

0.24 max 

Pentode Unit 
330 
330 

0 
-50 

4 
1.7 

CHARACTERISTICS Triode Unit Pentode Unit 
Plate Voltage .....................• 200 
Grid-No.2 Voltage .................. . 
Grid-No.1 Voltage .................•. 
Amplification Factor ............... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. ~ . 
Plate Current ..................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 20 p.A ............. . 

: TYPE 6JV8 
TRIODE UNIT 

-2 
70 

0.0175 
4000 

4 

-5 

60 125 
200 125 

0 -1 

0.1 
11500 

51- 22 
14- 4 

.-0.5 

~20~--+---1----r---t---i----t---1 
n: 
hi 
a. 
~ 151-~+----I----+---;'~';j~--+--

;;! 
:ZIO~--+--"-H 
hi 

~ 
..J 
0.. 

200 
200 

-2.9 

0.15 
10700 

22 
4 

-9 

volts 
ampel'e 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
volts 

watts 
watts 

volts 
volts 
volts 

megohm 
p.rnhos 

rnA 
rnA 

volts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-.C.urrent Resistance: 0 .. 25 

For fixed-bias ,operation ....•••••• , • • • . • • • • • • • 0.5 megohm 
For cathode-bias . operation ......... : . . . . . . . . . . . • 1 .1 megohm 

_ This value ean be measur<!'[ by ao method involving a recurrent waveform such that ·the 
maximum ratings of the tube will not be exceeded. 

6JWSI 
ECFS02 MEDIUM-MU TRIODE-
6LX8/LCF802 SHARP-CUTOFF PENTODE 

Miniature type used as horizontal-oscillator and fre­
quency-control tube in color and black-and-white tele­
vision receivers. Outlines section, 6B; requires minia-
ture 9-contact socket. Type 6LX8/LCF802 is identical 9AE 
with type 6JW8/ECF802 except for heater ratings. 

6JW8/ 6LX8/ 
ECF802 LCF802 

Heater Voltage (ac/dc) .......... ;................. . 6.3 6.0 volts 
Heater Current .......... ; . . . . . . . . . . . . . . . . . . . . . . • 0.43 0.45 ampere 
Heater-Cathode Voltage: 

Peak value .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • ±200 max ±200 max volts 
Average value ............... ... . . . . . . . . . . . • . . . 100 max 100 max volts 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) • 

Plate Supply Voltage ............................ .. 
Plate Voltage ...................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ...........• 
Grid-No.2 Voltage ................................. . 
Peak Cathode Current- .............. ; ............ .. 
Cathode Current ................................... . 
Plate Dissipation ........ ; ' .......................• 
Grid-No.2 Input ............. : ......................• 
Input Impedance at 60 cycles ......................• 
CHARACTERISTICS 
Plate Voltage ............... , .................... . 
Grid-No.2 Voltage ...... ~ ....... ' .................•• 
Grid-No.1 (Control-Grid) Voltage ....... : ......... . 
Mu Factor, Grid-No.1 to Grid-No.2' ...............• 
Amplification Factor .............................• 
Input Resistance ................................• 
Transconductance .................................. . 
Plate Current .................................... . 
Grid-No.2 Current .............................•.• 
Plate Current: 

For grid-No.1 voltage· ot:· O' volts ...............• 
For grid current of· 10, JlA ....... : .......... .. 

Grid-No.2 Current for grid-No.!. voltage of 0 volts .• 
Grid-No.1 Voltage: '.. . 

For grid-No.1 current' of' +0.3 p,A .........••• 
For plate and grid-No.2 voltage of 200 vOlts 

and plate current· of 10 . pA ............... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias. operation .................... .. 
For cathode-bias· operation ................... . 

Triode Unit 
550 
250 

10 
1.4 

50 

200 

-2 

70 
0.2 

8500 
3.5 

10 

-1.3 

3 

Pentode Unit 
550 
250 
550 
250 
50 
15 

1.2 
0.8 
300 

100 
100 
-'1 

47 

0.4 
5500 

.6 
1.7 

12.5 

3.5 

-1.3 

-16 

0.56 
1.0 

volts 
volts 
volts 
volts 

ri1A 
ri1A 

watts 
watts 

kohms 

v~lts 
volts 
volts 

megohm 
pmhos 

ri1A 
ri1A 

'ri1A 
rnA 
rnA 

volts 

volts 

megohm 
megohms 

o With a maximum duty factor' of 0.30. and maximum pulse duration of 30 microseconds. 

O'a 0 

6JZS 
17JZ8 

Duodecar. type used: in:' dQint)Jne4,yertical~dElflection~os-He S2 
cillatorCand::Vertical~d~llect!Qit~a.l1l'plifier. applicationtl, in .T\9.;li'r~o =~~\!!I, 
tele"isionrec~i"ets;Q~iIt1ines.:S'eCtion, 8C; requires duo- " 
decar 12-contact, sOeKet. - " <' 

.".' .. _; 



TECHNICAL DATA 

Heater Voltage (ac/dc) ......................... . 
Heater Current .............................. " ... . 

uZS 17JZ8 
6.3 16.8 
1.2 0.46 

Heater Warm-up Time .......................... . 11 
Heater-Cathode Voltage: 

Peak value ................................... . ±200 max ±200 max 
A vel'age value ............................... . 100 max 100 max 

Class A1 Amplifier 
CHARACTERISTICS 
Plate Voltage .............................. .. 
Grid-No.2 (Screen-Grid) Voltage .....•......... 
Grid-No.1 (Control-Grid) Voltage ............. . 
Amplification Factor ......................... . 
Plate Resistance (Approx.) .................... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ............... : ........... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 10 p,A ....... , ........................ . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 p.A ................................ . 

Triotle Unit Beam Power Unit 
150 45 120 

-5 
20 

8500 
2350 

5.5 

-10 

110 110 
o -8 

122-
16.5-

11700 
7100 

46 
3.5 

-25 

329 

volts 
amperes 
seconds 

volts 
volt. 

volts 
volts 
volts 

ohms 
p,mhos 

mA 
mA 

volts 

volt. 

- This value can.be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical~Defiection Oscillator and Amplifier 
For operation in a· 525-line, 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 
Triode 
Unit 

Oscillator 
250 DC Plate Voltage ..............................•• 

Peak Positive-Pulse Plate Voltage# ............... . 
DC Grid-No.2 Voltage ............................ . 
Peak Negative-Pulse Grid-No.1 Voltage .......... . 
Peak Cathode Current ........................... . 
Average Cathode Current ........................ . 
Plate Dissipation. . .............................. . 
Grid-No.2 Input ................................. _ 
MAXIMUM CIRCUIT VALUES 
Gl·id-No.1-Circuit Resistance: 

-400 
70 
20 

1 

Beam Power 
Unit 

Amplifier 
250 

2000 
200 

-150 
245 

70 
7 

1.8 

volts 
volts 
volt. 
volts 

rnA 
mA 

watts 
watts 

For fixed-bias operation .. _ . . • • . . . . . . . . . . . . . . • 1 1 megohm 
For cathode-bias operation .................... 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds) . 
• A bias resistor or other means is required to protect the tube .in absence of excitation_ 

Refer to chart .at end of section. 6K5GT 

POWER PENTODE 6K6GT ~
G24 &GI' 

p 3 

2 7 
H H 

18 K 
NC Gs 

78 

Glass octal type used in output stage of radio re­
ceivers and, triode-connected, as a vertical-deflection 
amplifier' in television receivers. This type may be sup­
plied with pin No.1 omitted. Outlines section, 13D; re­
qUIres, .octal socket. This tube, like other power-han­
dling tubes, should be adequately ventilated. 

Heater Voltage (acldc) ....................................... . 
Heater Current .. " ..... ' ........................................• 
Heater-Cathode Voltage: 

-Peak valu,e· ................................................ . 
Average value ... : ........................................ _. 

Direct Interelectrode Capacitances (Approx.): ' 
Grid No.1 to Plate· ...... _ . : . : .......... , ........ : ...... _ ..• 
Grid No.1 to Cathode,· Heater, ·Grid No.2,. and Grid No.3 ... _ 
Plate to Cathode, "Heater, Grid "No.ll, and. Grid No.3 

CJass.A, Amplifier 
MAXIMUM RATING (Design'Cerit~r \1aIOes) , 
Plate Voltage ". :., ... ' ... : ........ ~' ........................ _ .. .. 
Grid-No.2 (Screen-Grid)' Yaltage .. ~.' .. -..... : ....... ; .........•..•• 
. Plate. Dissipation .......... , .. ;.., •. ~ .......... , .................... .. 
Grid-No.2 Input ............... '._ :. _ ............ :'~' ... ; ..... ," ...... , "-

6.3 volts 
0.4 ampere 

±200 max volts 
100 max volts 

0.5 pF 
5.5 pF 
6.0 pF 

811i volts i 
285 volts ,; 

~ . watts 
~:'~ watts 

" 
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TYPICAL OPERATION 
Plate Voltage ...............................••• 
Grid-No.2 Voltage ............................• 
Grid-No.1 (Control-Grid) Voltage ............. . 
Peak AF Grid-No.1 Voltage ................... . 
Zero-Signal Plate Current , ..................... . 
Maximum-Signal Plate Current ............... . 
Zero-Signal Grid-No.2 Current ................ . 
Maximum-Signal Grid-No.2 Current ...........• 
Plate Resistance (Approx.) ................... . 
Transconductance ......... .- ................. ," .. 
Load Resistance .............................. . 
Total Harmonic Distortion ................... . 
Maximum-Signal Power Output ; ............ , .. 

100 
100 
-7 

7 
9 

9.5 
1.6 

3 
104000 

1500 
12000 

11 
0.35 

250 
250 

-18 
18 
32 
33 
5.5 
10 

90000 
2300 
7600 

11 
3.4 

TYPICAL PUSH-PULL OPERATION (Values are for two tubes) Fixed 

Plate Supply Voltage ............... , .............. . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ...... c .•.••.....•.•.••.••.•...• 
Cathode-Bias Resistor ........................... . 
Peak AF Grid-No.1-to-Grid-No.1 Voltage ......... . 
Zero-Signal Plate Current ................. ; ..... . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current ............... ' ....• 
Maximum-Signal Grid-No.2 Current ...............• 
Effective Load Resistance (Plate-to-plate) .......• 
Total Harmonic Distortion .......................• 
Maximum-Signal Power Output .................. . 

CHARACTERISTICS (Triode Connection)* 

Bias 
285 
285 

-25.5 

51 
55 
72 
9 

17 
12000 

6 
10.5 

Plate Voltage ........................................•........• 
Grid-No.1 Voltage ........................ ',' .................... . 
Plate Current ................................................. ; 
Transconductance .............................................. . 
Amplification Factor ......................................... . 
Plate Resistance (Approx.) 
Grid-No.1 Voltage (Approx.) f~~' j,i~i~ . ;';'~~;';'i' ~j' o:£;· ;,;x : :: : : :: 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation' ................................... . 
For cathode-bias operation .................................• 

• Grid-No.2 connected to plate. 

315 
250 

-21 
21 

25.5 
28 

4.0 
9 

110000 
2100 
9000 

Hi 
4.5 

Cathode 
Bias. 
285 
285 

400 
51 
55 
61 
9 

13 
12000 

4 
9.8 

250 
-18 
37.5 
2700 

6.8 
2500 
-48 

0.1 
0.5 

Vertical Deflection Amplifier (Triode Connection)* 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS 
DC Plate Voltage ............................................. . 315 
Peak Positive-Pulse Plate Voltage# (Absolute maximum) ....... . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 

1200· 
-250 

Peak Cathode Current ........................................ :. 75 
Average Cathode Current ..................... ~ ............... ;. 25 
Plate Dissipation ................................. ; ............ . 7 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for cathode-bias operation ......... . 2.2 

• Grid No.2 connected to plate. 

volta 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
/Lmhos 

ohms 
pel' cent 

watts 

volts 
volta 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 

ohms 
per cent 

watts 

volt,. 
volts 

rnA 
/Lmhos 

ohms 
volts 

megohm 
megohm 

volts 
volts 
volts 
mA 
mA 

watts 

megohms 

# Pulse duration must ;'ot exceed 15% of a vertical scanning cycle (2.5 miIliseconds) • 
• Under no circumstances should this absolute value be exceeded. 

6K7 
6K7G 
6K7GT 

6KS 
6KSG 

6KSGT 

61(11 

Refer to chart at end of section. 

Refer to chart, at end of section. 

Refer to chart at end of, section. 
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~\1i=::::;;~J.~IO Pr, 

THREE-UNIT TRIODE 
6Kll1 
6Qll 

331 

~""'~12::" II Gr, Duodecar type used as combined age, sync, and noise-
H H;S inverter tube in television receivers. Outlines section, 

12BY SA; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), 6.3 amperes, 0.6; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 Units Nos.2 and 3 
Plate Voltage ....................................• 330 330 volts 
Grid Voltage: 

Negative-bias value ..........................• 
Positive-bias value ........................... . 

Cathode Current ................................. . 
Plate Dissipation ................................. . 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ..................................... . 
Amplification Factor .............................• 
Plate Resistance (Approx.) ..................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid Voltage (Approx.) for plate current of 10 p.A 

-50 
o 

20 
2.75 

250 
-8.5 

17 
7700 
2200 
10.5 
-24 

H HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

-50 
o 

0.3 

250 
-2 
100 

62500 
1600 

1.2 

6KA8 
IIICAS 

volts 
volts 
mA 

watts 

volts 
volts 

ohms 
pmhos 

mA 
volts 

Miniature type used in color and black-and-white tele­
vision receivers. The triode unit is used in sync-sepa­
rator circuits; the pentode unit has two independent 
control grids and is used in gated-agc-amplifier and 
noise-inverter circuits. Outlines section, 6E; requires 

9PV miniature 9-contact socket. For curves of average 
plate characteristics for triode unit, refer to type 6A WSA. Type SKAS is 
identical with type 6KAS except for heater ratings. 

Heater Voltage (ac/dc) ........................•• 
Heater Current ..................................• 
Heater Warm-up Time (Average) ...............• 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ..............................•• 

Direct Interelectrode Capacitances: 
Tliode Unit: 

6KA8 
6.3 
0.6 
11 

±200 max 
100 max 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, and Internal Shield .............. . 
Plate to Cathode, Heater, and Internal Shield .............. . 

Pentode Unit: 
Grid-No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................... . 
Grid No.1 to Grid No.3 ................................... . 
Grid No.3 to Plate ........................................ . 
Grid No.3 to All Other Electrodes, Heater, and Internal Shield 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum ValueS) 
Plate Voltage ................................................. . 
Grid Voltage: 

Positive-bias value .......................................... . 
N'egative-bias value ..... .' ..................... ; ........... . 

Flate Dissipation ••••.•••••••••••••••••••••••••••••••••••••••••• 

8KA8 
8.4 volts 

0.45 ampere 
11 seconds 

±200max volts 
100 max volts 

2.2 pF 
2.8 pF 
2.2 pF 

0.1 malt pF 

9.5 pF 
0.5 pF 
2.2 pF 

7 pF 

Triode Unit 
300 volts 

0 volts 
-50 volts 

1.1 watts 
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CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.3 Supply Voltage .......................• 
Grid-N{).2· Supply Voltage ....................... . 
Grid-No.1' Supply V{)ltage ....................... . 
Cathode-Bias Resistor ....... : .................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance. Grid No.1 to Plate ............ . 
Transconductance, Grid No.3 to Plate ............ . 
Plate Current ................................... . 
Grid-No.2 Current ............................ : .. . 
Grid-No.1 Supply Voltage (Approx.): 

For plate current of 10 p,A ................... . 
FOl' plate current of 20 p,A ................. . 

Grid No.3 Supply Voltage (Approx.) for plate current 
of20p,A ................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Triode Unit 
200 

-2 

70 
17500 
4000 

4, 

--5 

For fixed-bias operation ................................... . 
For cathode-bias operation ............................ : .... . 

Pentode Unit 
160 

0 
100 

0 
180 

100000 
4400 

600 
4 

2.8 

-'4 

-7 
Triode Unit 

0.25 
1 

volts 
volts 
volts 
volts 
ohms 

ohms 
"mhos 
"mhos 

mA 
mA 

volts 
volts 

volts 

megohm 
megohm 

Gated AGe Amplifier and Noise Inverter 
MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Grid-No.3 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Negative-bias value ........................................ . 

Grid-No.2 (Screen-Grid) Supply Voltage ..........•.............. 
Gl'id-No.2 Voltage ........................... : ................. . 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Negative-bias value ....................................... . 

Plate Dissipation ............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 150 and 300 volts ........... . 

MAXIMUM CIRCUIT VALUES 
Gl'id-No.3-Circuit Resistance ....... ' ............................. . 
Gl·id-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
FOl' cathode-bias opel'ation ................................. . 

Pentode Unit 
300 volt. 
600 volts 

o volt. 
-100 volts 

300 volts 

o 
-50 

2 

See curve page 96 

volts 
volts 

watts 

1.1 watts 
See CUl've page 96 

0.68 megohm 

0.5 megohm 
1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

TYPE 6KA8 TYPE 6KA8 

7f 25 
!:! 

PENTO,DE UNIT 
GRID-No.3 VOLTS=O 
GRID- No.2 VOLTS =100 ~ .• \ 

I ~S~ 

PENTODE UNIT 
GRID-NIl. 2 VOLTS' 100 
GRID-No. I VOLTS' 0 

~f!l20 
Zo: 
I~ 
fi1~ 15 

~3 
~5! 10 
!:! 

5 

..( 
'-10 .... ;.,..-

~ , I) .... 

'~ ~ 0 

~.O./--~- ' '';; l..---" ---~ .... --
~/' r-- -0.5 
~I :><:r- --:-- --1----
I~ -- r--- -:jS--

-2. 

o 50 100 150 200 250 300 
PLATt: VOLTS 92C.-il~94T 

6KD6 BEAM POWER TUBE 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16C; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 6.3; 
amperes, 2.85; maximum heater-cathode volts, ±200 
peak, 100 average. 12GW 

92<:S-II&06T· 
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Horizontal-Deflection Ampl ifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ........................................ . 
Peak Positive-Pulse Plate Voltage# .............•••............. 
Positive DC Grid-No.3 Voltage .............................. .. 
Grid-No.2 Vcltage ............................................. . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...........•.......................... 
Plate Dissipation- ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperatul'e (At· hottest point) ... ,", .. ,.,', .............• 

Class Ai Amplifier 
CHARACTERISTICS 

990 
7000 

70 
200 

-256 
1400 
400 

33 
6 

225 

Triodet 
Connection 

150 

Pentode 
Conneetion 

Plate Voltage ............................... . 
Grid No.3 (Suppressor Grid) .................. . 
Grid-No.2 (Screen-Grid) Voltage ............. . 
Grid-No.1 (Control-Grid) Voltage ............. . 
Amplification Factor .......................... . 
Plate Resistance (Approx.) . '. ................. . 
Transconductance ............................. . 
Plate Current ............................... . 
Grid-No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate current 

of 1.0 p.A ...............................• 
MAXIMUM CIRCUIT VALUE 

150 
-22.5 

4 

60 150 
Connected to cathode 

110 110 
o -22.5 

6000 
14000 

750" 120 
42·· 1.8 

-40 

333 

volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

·C 

volts 
at socket 

volts 
volts 

ohms 
p.mhos 

mA 
mA 

volts 

Grid-No.1-Circuit Resistance ..................... . . . . . . . . . . . . . . . 2.2 megohms 

• A bias resistor or other means is required to protect the tube in absence of excitation. 
# Pulse duration must not exceed 15')(, of a horizontal scanning cycle (10 microseconds). 
tGrid-N 0.2 .connected to plate at socket • 
•• This value can be measured by a method involving a reCUl'l'ent wavefoml such that the 
maximum ratings of the tube will not be exceeded. 

H 

MEDIUM-MU TRIODE­
SHARp·CUTOFF PENTODE 

6KD8 
SImS 

9AE 

Miniature type used as combined vhf oscillator and 
mixer tube in television receivers. Outlines' section, 
6B; requires miniature 9-contact socket. Type 5KD8 is 
identical with type 6KD8 except for heater ratings. 

Heater Voltage (acldc) .......................... . 
Heater Current .................................. . 
Heater Warm-up Time ..........•................. 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Class Ai Amplifier 

5KD8 
5.6 

0.45 
11 

±200 max 
100 max 

6KD8 
6.3 
0.4 

±200max 
100 max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
330 Plate Voltage ....... ............................... 330 

Grid-No.2 (Screen-Grid) Supply Voltage .......... . 
Grid-No.2 Voltage ............................... . 
Grid.No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volt. 

CHARACTERISTICS 
Plate Voltage ...................................• 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ...............................• 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ...................................• 

o 
2.5 

125 

-1 
40 

7500 
13.5 

330 
See curve page 96 

o 
3 

0.55 
See curve page 96 

125 
110 
-1 

0.2 
5000 

9.0 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volt 

megohm 
I'mhos 

rnA 
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Grid-No.2 Current ................... ' ........... .. 
Grid-No.1 Voltage (Approx.) for plate current ot -9 

20 p,A ...................................... .. 
MAXIMUM CIRCUIT VALUES, 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For catbode-bias operation ................................ .. 

6KE8 
4KE8,5KE8 

MEDIUM-MU TRIODE­
SHARIl-CUTOFF PENTODE 

Miniature type with frame-grid pentode unit used as 
combined oscillator-mixer tube in television receivers 
using an intermediate frequency in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-con­
tact socket. Types 4KE8 and 5KE8 are identical with 
type 6KE8 except for heater ratings. 

Heater Voltage (ac/dc) ..................•• 
Heater Current ................... : .......• 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

4KE8 
4.5 
0.6 
11 

5KE8 
6.6 

0.45 
11 

3.5 
-8 

0.5 
1 

90C 
6KE8 

6.3 
0.4 

mA 
volts 

megohm 
megohm 

Kp 
7 G3P 

IS 

volts 
ampel'e 
seconds 

Peak value .... ' .•.......... : ......... .. ±200 max ±200 max ±200max volts 
Average value .........................• 100 100 max 100 max volts 

Direct Interelectrode Capacitances:t 
Triode Unit: . 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.8, 

and Internal Shield ...................................... . 
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield .....................................• 
Pentode Unit: 

Grid No.1 to Plate ........................................ .. 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ...................................••• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................... . 
Heater ,to Triode Cathode and Pentode Cathode : .............. . 

1.3 

2.4 

2 

0.015 max 

5 

3.4 
5.5" 

t With external shield connected to cathode of unit under test, except as noted • 
• Witb external shield connected to ground. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

280 Plate Voltage ............. :...................... 280 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Cathode Current ..................... ~ ........... . 
Plate Dissipation ............................... .. 
Grid-No.2 Input: 

For grid-No.2 voltages UP to 140 volts ......... . 
For grid-No.2 voltages between 140 and 280 volts 

TYPE6KE8 
TRIODE UNIT 

til 
~~~~-+--r-~-+--r-~-+~ 

o 
20 
2 

TYPE6KE8 

280 
See curve page 96 

o 
20 
2 

0.6 
See curve page 9.6 

PENTODE UNIT 
GRID-No.2 VOlTS ",125 

I 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

volts 
rnA 

watts 

watt 

l.~· I--t--+-+. 

~.30I--+--+-: 
~2!DI--+---+'''-l~¥-~'''''''''' 74---1--1 

tb GRID-No.1 VOLTS EC ~ 
15 

h 
-0.2._ -

... -Q4 

5fj. 
.. CI" -0.6- -- -as. 

-!tr-
-QoV ,- i--as -.4 

D 100 200 300 400 
PLATE IIOLTS 9lCS-II90aT 



TECHNICAL DATA 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.2 Supply Voltage ....................... . 
Grid-No.1 Supply Voltage .......................• 
Cathode-Bias Resistor ............................ . 
Amplification Factor .............................• 
Plate Resistance (Approx.) .....................• 
Transconductance . ............................... . 
Plate Current ................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.): 

For plate current of 100 itA ................. . 
For plate current of 50 itA ...................• 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .....................• 
For cathode-bias operation ................... . 

Refer to chart at end of section. 

H 

125 

0 
68 
40 

5000 
8000 

13 

5 

0.5 
1 

335 

125 volts 
125 volts 

0 volts 
33 ohms 

125000 ohms 
12000 I'mhos 

10 mA 
2.8 rnA 

volts 
-3 volts 

0.25 megohm. 
0.5 megohm 

6KL8 

BEAM POWER TUBE 6KM6 
N ovar type used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Outlines 
section, 18A; requires novar 9-contact socket. 

9QL 
Heater Voltage (ac/dc) ...............•••.•...................• 
Heater Current ................................................ . 

6.3 
1.6 

Heater-Cathode Voltage: 
Peak value ................................................ . ±200max 
Average value ............................................. . 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ........................................ . 1.2 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 22 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .........• 9 

Class A, Amplifier 

CHARACTERISTICS 
Triode 

Connection 
140 

Pentode Connection 
Plate Voltage ...................... . 60 140 
Peak Positive-Pulse Plate Voltage·. 
Grid-NO.3 (Suppressed-Grid) Voltage . 
Grid-No.2 (Screen-Grid) Voltage ... 
Grid-No.1 (Control-Grid) Voltage ...• 
Amplification Factort .............•• 
Plate Resistance (Approx.) ......... . 

o 
140 

-24.5 

" 

6500 
30 

140 
30 

140 
o 

30 
140 

-24.5 

Transconductance .................. . 
Plate Current ...................... . 

6000 
9500 

560tt . 80 
Grid-No.2 Current .................. . 31tt 2.4 
Grid-No.1 Voltage for plate current 

of 1 rnA ...•.................. -110 

Horizontal·Deflection Amplifier 
For operation in a 525-line. 30·frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.3 Voltage" ......................................... . 
DC Grid-No.2 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Grid-No.2 Input ................................................ . 
Plate Dissipation"" ............................................ . 
Bulb Temperature (At hottest point) ...........................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For grid-resistor-bias operation ............................ . 
For plate-pulsed operation ................................. . 

--42 

770 
6500 

-1500 
75 

220 
-330 

950 
276 
3.5 
20 

240 

0.47 
10 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
volts 
volts 

ohms 
I'mhos 

mA 
mA 

volts 

volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

'C 

megohm 
megohms 
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# Pulse duration must not exceed 15% of a horizontal sea;'ning cycle (10 microseconds). 
t With grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket. 
tt This value can be measured by a method involving a recurrent' wavefol'm such that the 
maximum ratings of the tube will not be' exceeded.: 
• In this service, a positive value may be applied to grid No.3 to minimize "snivets" inter-
ference; a typical value for this voltage is 30 volts.;, ' 
•• A bias resistor or other means is required to pl'otect the tube in! absence of excitation. 

i 
I+.::.r--t--+ '~+-+~I--iIOO ~ 13 

It: 

IOOOl---i--+-

TYPE 6KM6 
GRID -No.3 VOLTS-30 
GRID-No.1 VOLTS·O 

+--1--180 ~ ~ 8oo'hf-+--i--:::;;Io-9--;--t---1 
:Ii 
c 

-", 

~-+-+---+80 tj 3,.oo~~+---~~~~-t~~--;~--i 
liE 

~ 40'OhI--:::::io-"'!"':7.:;,,", 1---1-'--140 ~ 
z 

=+--1-'--120 6 
iE 

.... ... 
200~~~+---t--1==~--t--; 

~~~~~~~~~~~_~O ~ 
'0 

92CS-13152T o 
PLATE VOLTS PLATE VOLTS 

6KM8 OIOOE­
THREE-PLATE TETROOE' ' 

'Miniature type used in frequency-divider and complex­
wave generator circuits of electronic musical instru­
ments. In such circuits the tetrode unit can provide 
three independent output-signal voltages; the diode 
unit can be used as a key in a vibrato circuit. Outlines 
,section, 6E; requires miniature 9-contact socket. 
Heater Voltage (ac/dc) 
Heater Current 
Heater-Cathode Voltage: 

... '. ................................... . 

Peak value """""",.,",',.,' ....... , ... ,',.,.,.', ... ,. 
Average value ............................................. . 

Direct Interelectrode Capacitances: 
Tetl'ode Unit: 

Grid No.1 to Plate No.1A , .. " .. " .. , .. , .. , ... , .. ' ........ . 
Grid No.1 to Plate No.1B ", .. ', .. , ... ,','.'.'.,.', .... , .. . 
Grid No.1 to Plate No.2 ".',.,"""', .. ,"", .. ,., .... ,' .. 
Grid No.1 to Cathode, Heater, Grid No.2, and Internal Shield, 
Plate No.1A to Cathooe, Heater, Grid No.2, and Intel'Dal Shield 
Plate No.1B to Cathode, Heater, Grid No.2, and Internal Shield 
Plate No.2 to Cathode, Heater, Grid No.2, and Internal Shield 

Tetrode Grid No.1 to Diode Plate ,., ..... , .................... . 
Tetrode Plate No.1A to Diode Plate ' ......................... . 
Tetrode Plate No.1B to Diode Plate ...... , .. ,." ........ " ... . 
Tetl'ode Plate No.2 to Diode Plate ., .......... , ..... ;,.,.,', .. 

TetrDde Unit as Class At Amplifier 
Plates No. lA, lB. and 2 connected together 

CHARACTERISTICS 
Plate Voltage , , .. , .. " ..... '.,.,',.".,., .. ,", .. ','.,., .... , .. 
Grid-No.2 Voltage """,.,.,"',:, .. ,"',.,"", ... "., ....... . 
Grid-No.1 Supply Voltage ", ... " ... , ... ' .... , ....... , ........ . 
Grid-No.1 Resistor (Bypassed) """', ... "."',".,." .... , .. ,. 
Plate Resistance (Approx.) .... ', ............. , .. "., ........... . 
Transconductance '" ........................................... . 
Plate Current .".,.' ......... ,., ... , .. ,.'., ... , .. ,.",., ... "., 
Gl'id-No.2 Current ",.,", ... ".,"," .. ,"".",.,"",.'.' .... 
Grid-No.1 Voltage (Approx.) for plate current of 20 p.A """" 

Triode Connection-Plates No.lA. lB. and 2 connected to 
Plate Voltage ' .. ,' .... ,., ........ ,., .... ,., ...... ,.,.,.,.,.,.,. 
Gl'id.No.1 Supply Voltage """"""""""""""""""" 
Grid-No.1 Resistor (Bypassed) .'., .............. , .............. . 

PIBTR 

9QG 
6.3 
0.3 

±200 max 
100 max 

0.02 max 
0.02 max 
0.06 max 

5.5 
1.2 
1.3 
1.8 

0.024 max 
0.18 

0.024 
0.013 

100 
100 

o 
2.2 

30000 
3400 

4.2 
1.7 
-4 

grid No.2 
100 

o 
2.2 

92CS-1310llT 

P2TR 

volts 
ampe)'e 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 

megohms 
ohms 

p.mhos 
mA 
mA 

volts 

volts 
volts 

megohms 



TECHNICAL DATA 

Transconductance ................••........•.....••.•.•.•.•••••• 4500 
45 

5.6 
Amplification Factor ................. '.' ....................... ' 
Plate Current ................ . .......................... . 

Separate-plate operation; plates not under test grounded 
Plate lA IB 2 
Plate Voltage ................................ . 100 100 100 
Grid-No.2 Voltage ............................ . 100 100 100 
Grid-No.1 Supply Voltage .......... : ......... . o 0 0 
Grid-No.1 Resistor (Bypassed) ................ . 2.2 2.2 2.2 
Transconductance ............................. . 2000 2000 1800 
Plate Resistance (Approx.) ................... . 
Plate Current ................................ . 

0.1 0.1 0.12 
2.3 2.3 2.1 

Grid-No.2 Current .................... . 3.8 3.8 3.3 

337 

pmbos 

rnA 

volts 
volts 
volts 

megohmR 
pmbos 

megohm 
rnA 
rnA 

Tetrode Unit as Frequency Divider and 
MAXIMUM RATINGS (Design-Maximum Values) 

Complex-Wave Generator 

Plate Voltage (Each plate) .................................... . 330 volts 
Grid-No.2 (SCl'een-Gl'id) Supply Voltage ....................... . 330 volts 
Grid-No.2 Voltage· ...................................... ; ...... . See curve page 96 
Grid-No.1 .(Control-Grid( Voltage: 

Positive-bias value ...................................... _ . 
Negative-bias value ........................................ . 

Plate Dissipation (Each plate) ........................... ; ..... . 
Gl·id-No.2 Input: 

o 
-50 

1 

volts 
volts 
watt 

For grid-No.2 voltages up to 165 volts ..................... . 0.65 watt 
For gl·jd-No.2 voltages between 165 and 330 volts ........... . See cm've page 96 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for grid-No.1-resistOl'-bias operation 2,2 

Diode Unit 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Cm'rent .................................. , ..............• 1 
CHARACTERISTICS, . Instantaneous Value 
Tube Voltage Drop fOl' plate current of 2 rnA ................. . 10 

en 

'" 0: 

'" 0. 

TYPE 6KM8 
GRID No.2 CONNECTED TO PLATES lA, 

IB AND 2 AT SOCKET. 

~ 20~-+--+ 
::J 
..J 

i 

'" !:( 10 
..J 
0. 

TYPE6KMB 
GRID-No.2 VOLTS-lOa 
~TES IA,IB, AND 2 CONNECTED 

TOGE, AT SOCKET. 

1'01_ P. 
V I -0.5 I .... 

In 

tx GRIJ-NO.l VOLTS Eel=-I 

....--r I -l&. 
51--'" 

, -2 
___ =<l5 ..... -F=-"1-"" ... -rECI·0 

megohms 

rnA 

volts 

92CS-I0695T2 o 100 200 300 400 500 600 

9DX 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

PLATE VOLTS 92CS -1I713T1 

6KR8 
lOKR8 

Miniature type used in television receiver applications. 
The triode unit is used as a general-purpose amplifier; 
the pentode unit is used as a video ~mplifier. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
lOKR8 is identical with type 6KR8 except for heater 
ratings. 

6KR8 10KRS 
Heatel' Voltage (ac/dc) ......................... . 6.3 10.5 volts 
Heater Current .................................•• 
Heater Warm-up Time I.Avel'8ge) ................. . 
Heatel'-Cathode Voltage: 

Peak value ..................................•• 
Avel'age value ...........................•••.• 

0.75 

±200max 
100 max 

0.45 ampe)"e 
11 seconds 

±200 max volts 
100 max volts 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage ........... : .................. ' ...... . 

Pentode Unit 
330 

Grid-No.2 (Screen-Grid) Supply Voltage ..........•• 330 330 
Grid-No.2 Voltage ..... :' .......................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value o 

2 

See curve page 96 
o 

Plate Dissipation ................................. . 5 
Grid-No.2 Input: 

, 1.1 For volta;ges up to 166 volts .................• 
For 'voltages between 165 and 330 volts ......•• 

CHARACTERISTICS 
See curve page 96 

Triode Unit Pentode Unit 
Plate Supply Voltage ........................•• 
Grid-No.2 Supply Voltage ..................... . 
Grid~No.l Voltage .............................• 
Cathode-Bias Resistor ......................... . 
Amplification Factor .....................•....• 
Plate Resistance (Approx.) ................... . 
Transconductance ...........................•.. 
Plate Current ................................ . 
Grid-No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate current 

of 10 /LA , ........................ " ... , ... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ...............................•• 
MAXIMUM CIRCUIT VALUES ' 

126 36 200 

6& 
46 

4400 
10400 

15 

-8 

100 100 
o 

64 
13.6 

82 

60000 
20000 

19.6 
3 

-6.3 

Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit 
F01' fixed-bias operation ..................... . 0.1i 0.5 
For cathode-bias operation .................. .. 1.0 1.0 

6KT6 
3KT6,4KT6 

SEMI REMOTE-CUTOFF 
PENTODE 

Miniature type used as if-amplifier tube in television 
receivers utilizing an intermediate frequency in the 
order of 40 MHZ. Outlines section, 6B; requires minia­
ture 7 -contact socket. Types 8KT6 and 4KT6 are 
identical with type 6KT6 except for heater ratings. 

9PM 

3KTG 4KT6 6KTG 

volts 
volts 

volts 
watts 

watts 

volts, 
volts 
volts 
ohms 

ohms 
/Lmhos 

rnA 
mA 

volts 

volts 

megohm 
megohm 

Heater Voltage (ac/dc) ..................•• 3.6 4.5 6.3 volts 
Heater Current . "' .. ,' ': ... , , . . . . . . . . . . . . . 0.6 0.46 0.3 ampere 
Heater Warm-up Time (Average) ... ,...... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ., ... ,....... . . . . . . . . . . . . . . • ±200 max ±200 max ±200 max volts 
Average value ."...................... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .............. , .......... " .......... ,.. 0.019 max, pF 
Grid No.1 to Cathode, Heater" Grid No.2, Grid No.3, and 

Internal Shield ............... , . , ...... , ................ '. 9.1> pF 
Plate to ,Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ............... : .. . .. .. .. . .. .. .. .. .. . .. .. • 3 pF 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................. , .. , .............•............... 
Grid-No.3 (Suppressor-Grid) Voltage .......................... . 
Grid-No.2 (Screen-Grid) Supply Voltage .... ' ................... . 
Grid-No.2 Voltalle , .. , ... , ..... :., ............. , ............. , .. 
Grid-No.1 (Control-Grid) Voltage ............................. .. 
Plate Dissipation .... , .... , ... , .................... , ...... , .... . 
Grid-No.2 Input: , 

For grid-No.2 voltages up to 166 volts ".,." .......... , ... . 
For grid-No.2 voltages between 161> and 330 volts ....... , ... . 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.3 Voltage ., ............................. . 
Grid-No.2 Supply Voltage ................ , ........ . 
Cathode-Bias Resistor ............................ . 
Plate Resistor ................ ' ................... . 
Transconductance ................................ . 
Plate Current ..................................•. 
Grid-No.2 Current ................... , . , . , ....... . 
Grid-No.1 Voltage (Approx.) for transconductance 

of 10 j£mhos ................................ .. 

125-
o 

125 
56 

160000 
18000 

17 
4.2 

330 volts 
o volts 

330 volta 
See curve page 96 
0, volts 

3.1 watts 

0.6 watt 
See curve page 96 

170 
o 

170 
66 

-22 

volts 
volts 
volts 
ohms 
ohms 

/Lmhos 
rnA 
rnA 

volts 



TECHNICAL DATA 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed .. bias operation ....................... to •• 

For cathode-bias operation ........•..•.••.•••• 

TYPE 6KT6 
DCGRID-No.3VOL.TSIEc )'0 
DCGRID-No.2VOLTiIEc~I·125' 

~ 
1--1:~\D-~I to\ 'v8LTS EC .-0:5 

~\ 
r-' X' 1-, 

\ LJ.5 

, .. ~ 

/ -- - - -ECj-OV_ 

I- -
-4 T -5 ' 

o 50 100 llSO 200 250 300 350 

I--

DC PLATE VOL. TS 92CS-i4009T 

0.26 
1 

339 

megohm 
megohm 

HIGH-MU TRIODE~ 
SHARP-CUTOFF PENTODE 6KT8 

Miniature type used in color and black-and-white tele­
vision receiver applications. The pentode unit is used 
as an if-amplifier tube, and the triode unit as a sync­
separator or voltage-amplifier tube. Outlines section, 
6B; requires miniature 9-contact socket. 

Heater Voltage (acldc) ,',","",.,.", .... ,., ..... ,., .. , .. ' ... 
Heater Current "',',".'.,.,"",.,.".,., .. " .. ',., .. ,", .. , .. 
Heater-Cathode Voltage: 

Peak value ,',.', ,',.,.'" ,." ... ,',.'.,", .. ,. , ... , ........ . 
Average value ............................................. . 

Direct Interelectrode Capacitances: Unshielded 
Triode Unit: 

Grid to Plate ",.,",.,.', ... "".' .......••• 
Grid to Cathode, Heater, Grid No.3 of 

Pentode Unit, and Internal Shield 
Plate to Cathode, Heater, Grid No.~ of 

Pentode Unit, and Internal Shield ,." ....•• 
Pentode Unit: 

Grid No.1 to Plate "",',,.,"",.,", ......•• 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield "", ..... , .•• 
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ",","'., ... 
Grid of Tl'iode Unit to Plate of Pentode Unit " .. 
Grid No.1 of Pentode Unit to Plate of Triode Unit 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage """""",:".,',. ,'" ... , .... , ..• 
Grid-No.2 (Screen-Grid) Supply Voltage .,' .. '.' .. 

3.0 

3.2 

1.6 

0.046 max 

7.5 

2.2 
0.018 max 
0.006 max 

Triode Unit 
330 

6.3 
0.6 

±200max 
100 max 

Shielded 

3.0 

3.2 

2.4 

0.030 max 

7.5 

2.8 
0.003 max 
0.002 max 

Pentode Unit 
330 
330 

Grid-No.2 Voltage ,',",'"',.,,.,",',.,', ... , ... See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ",.,'." ..... , .. ,', ..... , .......• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ,.',."." 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Voltage :"., .. ,., ... , ......... , ....... " .. . 
Grid-No.2 Voltage "',,.,',", ... '.,',.,.,.' ...... . 
Grid-No.1 Voltage "' ... ,"""', .... , .. , ......... . 
Amplification Factor """',' '. , , . , , . , , .. , .... , , .. . 
Plate Resista,nce (Approx.) .. ,.,"' ... ", ........ .. 
Transconductance , ...... , , ...... " ... , , .......... .. 

0 
1 

250 

-2 
100 

31500 
3200 

0 
2.5 

0.55 
See curve page 96 

125 
125 
-1 

150000 
10000 

volts 
ampere 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
watts 

watt 

volt. 
volts 
volts 

ohms 
I'mhos 
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Plate Current ................................. ' ...• 
Grid-No.2 Current .......... , .................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

20p.A ................. ;; ...... ; .... ,.; ...... . 
MAXIMUM CIRCUIT VALUES 
Grid-:N'o.l-Circuit Resistance: 

For fixed-bias operation ..................... . 
For cathode-bias operation .............•....•• 

1.8 

-3.D 

0.5 
1 

6KU8 
lOKU8 

TWIN DIODE­
SHARP-CUTOFF PENTODE 

Neonoval type with fra~e-grid pentode used in tele­
vision receiver applications. Diode units are used as 
horizontal phase detectors and the pentode unit is 
used as a video amplifier. Outlines section, lOA; re­
quires neonoval 9-contact socket. Type lOKU8 is iden­
tical with type 6KU8 except for heater ratings. 

Heater Voltage (ac/dc) ............... " ......... . 
Heater Current' ., .. ; ............................. . 
Heater Warm-up Time (Average) ................ . 
Heater-Cathode Voltage: 

Peak value .................................... . 
Average value ............................... . 

Direct Interelootrode Capacitances: 
Diode Units: 

GKU8 
6.3 

0.725 

±200 max 
100 max 

Plate of Diode Unit No.1 to All Other Electrodes ........... . 
Plate of Diode Unit No.2 to All Other Electrodes ........... . 
Diode Cathode to Plate of Diode Unit No.1 .................• 
Diode Cathode to Plate of Diode Unit No.2 ................. . 

Pentode Unit: 
Grid No.1 to Plate ..... : ..................................• 
Grid No.1 to Pentode Cathode, Diode Cathode, Heater, Grid 

No.2, Grid 'No.3, and Internal Shields ..................... . 
Plate to Pentode Cathode, Diode' Cathode, Heater, Grid No.2. 

Grid No.3, and Internal Shields .......................... . 
Pentode Grid No.1 to Plate of Diode Unit No.1 ............... . 
Pentode G"id No.1 to Plate of Diode Unit No.2 ............... . 
Pentode Plate to Plate of Diode Unit NQ.l ................... . 
Pentode Plate to Plate of Diode Unit No.2 ................... . 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................• 
Grid-No.2 (Screen-Grid) Supply Voltage .......................• 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate, Dissipation .............................................. . 
Grid-No.2 Input: 

For voltages up to 165 volts ............................... . 
For voltages between 165 and 330 volts ..................... . 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Supply Voltage .................. , ..... . 
Grid-No.1 Voltage ................... ; ............ . 
Cathode-Bias Resistor ............................ . 
Transconductance ................................ . 
Plate Resistance (Approx.) ...................... . 
Plate Current ................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage for plate CUl'rent of 100 p.A' ..•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

50 
100 

o 

55· 
IS" 

12 
4.5 

-7 

0.5 
1 

I 

KOI III 02 
ISOI III 02 

10KU8 
10.2 ' 
0.45 

11 

SLY 

±200max 
100 max 

1.1 
1.1 
5.5 
5.5 

0.1 max 

12 

3 
0.003 max 
0.003 max 
0.008 max 
0.008 max 

mA 
mA 

volta 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 
pF 

330 volts 
330 volts 

See curve page 96 
o volts 
4. watts 

1.1 watts 
See curve page 96 

200 
100 

o 
82 

20000 
60000 

17 
3.5 
-5 

volts 
volts 
volts 
ohms 

p.mhos 
ohms 

mA 
mA 

volts 

For fixed-bias operation .................................... 0.25 megohm 
For cathode-bias ope~ation .................................. 1 megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Diode Units (Each Unit) 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of ~ mA ................•• 10 volts 
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HIGH-MU TRIODE 
SHARP-CUTOFF PENTODE 

6KV8 
H 

90X 

llKV8 

Miniature type with frame-grid pentode unit used in 
black-and-white television receivers. The triode unit is 
used in general-purpose voltage-amplifier, sync-sepa­
rator, and sound-if-amplifier applications. The pentode 
unit is used as a video-output tube. Outlines section, 
6E; requires miniature 9-contact socket. For curves of 
average plate characteristics for triode unit, refer to 
type 6A WSA. Type llKVS is identical with type6KVS 
except for heater ratings. 

Heater Voltage (ac/de) .......................... . 

:::l:~ ~~:;;'~~p' 'Tim~' (A~erag:e) :::::::::::::::: 
Heater-Cathode Voltage: 

Peak value ................................... . 
AVel'age value ........ . 

Direct Intel'electrode Capacitances (Approx.): 
Tdode Unit: 

6KV8 
6.3 

0.775 

±200max 
100 max 

Grid to Plate .............................................. . 
Gdd to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ..................................... . 
Plate to Cathode, Heater, Pentode Cathode, Pentode Gdd No.3, 

and Internal Shield ..................................... . 
Triode Grid to Pentode Plate ............................... . 
Pentode Unit: 

Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Plate to Cathode, Heater, Grid No.2, Gl'id No.3, and 

Internal Shield ....................... ~ .................. . 
Pentode Plate to Tl'iode Plate ............................... . 

Class A, Amplifier 

llKV8 
10.9 
0.45 

11 

±200 max 
100 max 

3.7 

2.5 

2.4 
0.015 max 

0.12 max 

13 

4.8 
0.17 max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ................................... . 
Grid-No.2 (Scl'een-Grid) Supply Voltage .......... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For gl·id-No.2 voltages up to 150 volts ......... . 
For grid-No.2 voltages between 150 and 300 volts 

300 300 

o 
1 

300 
See curve page 96 

o 
5 

1 
See curve page 96 

CHARACTERISTICS Triode Unit Pentode Unit 
Plate Supply Voltage .......................... 200 
Grid-No.2 Supply Voltage ..................... . 
Gdd-No.l Supply Voltage ..................... . 
Cathode-Bias Resistor ......................... . 
Amplification Factor ......................... . 
Plate Resistance (Approx.) ..... . 
Transconductance .................... . 

-2 

70 
17500 

4000 

TYPE 6KVe PENTOOE UNIT 
GRID - No.2 VOLTS -125 

--- Ib 
J,o-J., VO~TS J,oo 

125 200 
125 125 

o 0 
82 68 

55000 
21000 

75000 
23000 

r -0.5 

r -I 

~C2 
-1.5 

It ECI'~ -2 

r - -.,----r--"'-f---
I -2.5 

o 50 100 150 200 250 300 350 
PLATE VOLTS 92CS-1I946T2 

volts 
aml)e)'e 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

J,F 
pF 

volts 
vults 

"ott 

voltA 
volts 
volts 
ohms 

ohm:'3 
,umhos 
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Plate Current. ..; ............................. . 
Grid-No.2 Current .............................. . 
Grid-No.1 Voltage (Appro)<.) for plate current of 

100 p.A ._ ...........•..••...•••...•••••••• -4.5 

16.5 
3.1 

~.2 

20 
3.5 

-4.2 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: Triode Unit Pentocle Unit 

For fixed-bias operation .................... .. 
For cathode-bias operation ...................• 

6KY8 
6KY8A 
IJKYI, 15KYIA 

HIGH-MU TRIODE 
BEAM POWER TUBE 

0.11 0.1 
1 0.25 

Novar types used in combined vertical-deflection-os­
cillator and vertical-deflection-amplifier applications in 
black-and-white television receivers having low-voltage 

H 

"B" supplies. Outlines section, HC and aOA, respec- BQT 

mA 
mA 

volts 

megohm 
megohm 

tively; require novar 9-contact socket. Types 15KY8 and 15KY8A are iden­
tical with types 6KY8 and 6KY8A, except for heater ratings. 

Heater Voltage (ac/dc) .......................••.•• 
Heater Current ..................................• 
Heater Warm-up Time (Average) ................ . 
Heater Cathode Voltage: 

6KY8 
6KY8A 

6.3 
1.1 

15KY8 
15KY8A 

16 
0.45 

11 

Peak value .................................. . ±200 max ±200 max 
Average value ............................... . 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Triode Unit: 

Grid to Plate .............................................. . 
Grid to Cathode and Heater ...............................• 
Plate to Cathode and Heater ............................... . 

Pentode Unit: 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class A, Amplifier 

0.44 
11) 

7 

0.048 
2.6 

0.28 

CHARACTERISTICS Triode Unit 
250 

Beam Power Unit 
Plate Voltage ..................... . 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factor : .............. . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current ., ............... . 
Gl'id-No.1 Voltage (Approx.) for plate 

current of 1 mA .............. .. 

TYPE SKYB 
BEAM POWER UNIT 

"2,250 GRID - No. 2 VOL T5 -120 .... 

.1:1 9 
~ 200t--+--t;:;:;;+0 ..... -+--l--i !3 
~ /1-- ~ ~ 
~ 150 V M~\..'tS...!!:I .. 'Lf--30~ 3 G~!!:-- _3 

V""'r'- 1.\1 ~ ~ 100~~+-~~~~~~--~--~20~ 
~ r),.~ -J.. ~ 
..J r '",,::, -10 
lL 50 - EI"'O-IO 6 

,.- -- --~12 5 
100. 200. 300 400-1:00 0 o 

PLATE VOLTS 92CS-1I942T 

-3 
64 

40000 
1600 

1.4 

50 135 120 
120 120 * 

o -10 -10 

18000 
8400 

170- 311 
20- 3 

-24 

14 TYPE 6KYB 
12 TRIODE UNIT 

7 

volts 
amperes 
seconds 

volt. 
volt. 

pF 
pF 
pF 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
p.mhoo 

mA 
mA: 

volts 

92CS-1I944T 
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• .Triode connection, gl'id No.2 connected to plate at socket. 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ...............................• 
Peak Positive-Pulse Plate Voltage# 

(Absolute Maximum) ................ _ ....... . 
DC Grid-No.2 Voltage ........................... . 
Peak Negative-Pulse Grid-No.1 Voltage ........... . 
Peak Cathode Current ........................... . 
Average Cathode Current ........................ . 

~~~~~N~~sr..a~~~n . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Ch·cuit Resistance: 

Triode Beam Power 
Unit Unit 

Oscillator . Amplifier 
330 300 

-400 
77 
22 

1.5 

2200t 
150 

-250 
200 

60 
12 

1.9 

volts 

volts 
volts 
volts 
rnA 
rnA 

watts 
,vatts 

For gl'id .. resistor-bias operation ................ 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vel·tical scanning eycle 
t Under no conditions should this maximum value be exceeded. 

(2.5 milliseconds). 

MEDIUM·MU TRIODE 
SHARP-CUTOFF PENTODE 

6KZ8 
IIKZ8 

9FZ 

Miniature type used as combined oscillator and mixer 
in vhf color and black-and-white television receivers. 
Outlines section, 6B; requires miniature 9-contact 
socket. Type 9KZ8 is identical with type 6KZ8 except 
for heater ratings. 

Heater Voltage (ac/de) .......................... .. 
Heater Current ..................................• 
Heater Wal'm-up Time (Average) .................• 
Heater-Cathode Voltage: 

Peak value .................... _ ...........••• 
Avel'age value ...............................• 

Direct Interelectrode Capacitances:* 
Triode Unit: 

6KZ8 
6.3 

0.45 
11 

±200 max 
100 max 

Grid to Plate ............................................. . 
Grid to Triode Cathode, Pentode Cathode, Heater, Pentode Grid 

No.3, and Heater ....................................... . 
Plate to Triode Cathode, Pentode Cathode, Heater, Pentode Grid 

No.3, and Heater ....................................... . 
Pent<>de Unit: 

Grid No.1 to Plate .......................................• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ......................... , ................ . 
Heater to Cathode (Each Unit) .............••••.•...........• 

• With external shield connected to cathode. 
# With external shield cOI>nected to ground. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage .'................................... 330 

9KZ8 
9.45 

0.3 
11 

±200max 
100 max 

1.6 

3.2 

1.8 

0.01 max 

5.5 

3,4 
3.2# 

Pentode Unit 
330 
330 Grid-No.2 (Screen-Grid) Supply Voltage ......... . 

Grid-No.2 Voltage ............................••... 
Grid No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ... : .............................• 
Grid-NQ.2 Input: 

o 
2.5 

See curve page 96 
o 

For grid-No.2 voltages up to 165: volts .......•.. 
For grid-No.2 .yo)tages between 165 and 330 'li'.olts 

CHARACTERISTlCS 

I~~:~~~~~j: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~~~.~.~~ :,~~li~· 
125 

-'1 
46 

2.5 

0.55 
See curve page 96 

125 
125 
-1 

volts 
ampere 
seconds 

volts 
volt. 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volt 
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Plate Resistance (Appl'()x.) ...................... .. 

~r:::.scC~~~~n~, .. :::::::::::::::::::::::::::::::: : 
Grid-No.2 Current .................................. . 
Grid-No.1 Voltage (Approx.) ff)r plate CUrrent of 

10 /lA ........................................ . 
MAX'MUM CIRCUIT VALUES 
Grid-No.1-Circuit· Resista'nee: 

For fixed-bias operation ....................... . 
For cathode-bias operation ................... . 

5400 
8600 
U.5 

-8 

0.25 
0.5 

200000 
7500 

12 
4 

-8 

0.25 
0.5 

ohms 
pmhos 

~ 
volts 

megohm 
megohm 

6L5G Refer to chart at end' of section. 

6L6 
6L6GC 

BEAM POWER TUBE 

Metal type 6L6 and glass octal type 6L6GC are used 
in the output stage of audio amplifying equipment, 
especially units designed to have ample reserve of 
power-delivering ability. Outlines section, 4 and 19D, 
respec~ively;require octal socket. These tubes, like 
othe,r power~handling tubes, should be adequately ven­
tilated. Type 6L6GC can be used in place of type 6L6 
and may be supplied with pin 1 omitted. 

, Heater Voltage (ac/dc) .......................................• 
: Heater Current .:,., .......................................... ,. 
. Heater-Cathode Voltage: 6L6 

Peak value "".................................. ±180 max 
Average value ." ............................ . 

Direct Intereleetrode Capacitances (Approx.): 
Grid No.1 to Plate .... , ....... '............... 0.4* 
Grid No.1 to Cathode, Heater, Grid No.2, and 

Grid No.3 ...... , ................... :,...... 10* 
Plate to Cathode, Heater, Grid No.2, and 

Grid No.3." ..........• :...................... 12* 

• With ·pin.1 connected to pin. 8; 

Class A, Amplifier 

MAXIMUM RATINGS 
Plate Voltage ........... c .•.•...•.•.••.•.•••••••••• 
Grid-No.2 (Screen-Grid) Voltage .................• 
Plate Dissipation ........ : .. , ....... : ............• 
Grid-No.2 'Input ...... " .......................... .. 

TYPICAL OPERATION 
Plate Voltage " ................ "" ..... " .. .. 
Grid-No.2 Voltage : ...... : .................... . 
Grid-No.1 (Control-Grid) Voltage ............. . 
Peak AF Grid-No.1 V<>ltage .................. . 
Zero-Signal Plate Current·· 0' •• , •••• , ............ . 

Maximum-Signal Plate· Current ..... : ......... . 
Zero-Signal Grid-No.2· Current, ....... ; .......... , 
Maximum-Signal Grid~No.2· Current ........... . 
Plate Resistance (Approx.) .,.; .......... : ....• 
Transconductance ,:..; ............. ,' ................... . 
Load Resistance ...... : ... , ... · ................ ; .. . 
Total Harmonic· Distortion .. : . : ...... ' .......... . 
Maximum-Signal P<>wer .. Output ..... ,; .......... . 

6L6 
Design-Center 

Values 
360 

250 
.250 
-14 

14 
72 
79 

I) 

7.3 
22500 

6000 
2500 

10 
6.5 

270 
19 

2.5 

300 
.200 

-'12.5 
12.5 

48 
55 

2.5 
4.7 

35000 
5300 
4500 

11 
6.5 

7AC 

6.3 volts 
0.9 ampere 

6L6GC 
±200 roBX volts 

100 max volts . 

0.6 pF 

10 pF 

6.5 pF 

6L6GC 
,Design Maximum 

Values 
500 
4504 

30 
5 

350 
250 

-18 
18 
54 
66 

2.5 
7· 

33000' 
6200 
4200. 

15 
10.8 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

inA 
mA 
mA 

ol1fB 
/lmhos 

ohlllll 
per, clint 

watts 

A In push-pull circuits: where:lI'1'id. No.ll of each tube lis connected to 
winding of the output·: .. ~ransformer, thl/!'. maximum rating is 500 volts. 

a tap on the piate 

CI.ss~A;:Ainplifier (Trioae Connection)t 
. , IIL6 

MAXIMUM RATINGS " 
,Design- . 

CenteiVa1ues 
275 Plate Voltage .... , .,;' •.. ' ..• <._ ........... : .............. . 

Plate DiSsi»~ti()~' . (To~.at) ••••••••• _ 0" •• ~ ••• ; •••••• '.. #;J 19 

6LIIGC 
Design­

MaXimum. Values 
450 'volts 

3(1 ~atts 



TECHNICAL DATA 

TYPICAL OPERATION 
Plate Voltage ............••••.•••••••••••••••••••••.••••••••••• 
Grid-No.1 Voltage .............................................• 
Peak AF Grid-No.1 Voltage .................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................ . 
Plate Resistance (Appro",.) .................................... . 
Amplification Factor ........................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion .......... ; .......................... . 
Maximum-Signal Power Output ..............................•• 
t Grid No.2 connected to plate. 

Push-Pull Class At Amplifier 
MAXIMUM RATINGS (Same as for Class At Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage .................................... . 
Grid-No.2 Voltage ...............................• 
Grid-No.1 Voltage ...............................• 
Peak AF Grid-No.l-to-Grid-No.l Voltage .........• 
Zero-Signal Plate Current ....................... . 
Maximum-Signal Plate Current ..................• 
Zero-Signal Grid-No.2 Current ...................• 
Maximum-Signal Grid-No.2 Current ...............• 
Effective Load Resistance (Plate-to-plate) .........• 
Total Harmonic Distortion ....................... . 
Maximum-Signal Power Output .................. . 

TYPE6L6GC 
C>RID-No I VDLTS=D 

400 

.r' - 350 

V'"" 300 

250 
250 

-16 
32 

120 
140 

10 
16 

5000 
2 

14.5 

V GRID-No.Z VOLTS ECZ=Z50 

,,- ZOO 

150 
100 100 

II 
II' ECZ'50_ 

o 100 ZOO 300 400 500 600 
PLATE VOLTS 92C5-I0327T 

MAXIMUM RATINGS (Same as for Class At Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Plate Voltage ...............................• 360 
Grid-No.2 Voltage ..................... ;....... 270 
Grid-No.1 Voltage ............................. -22.5 
Peak AF Grid-No.l-to-Grid-No.l Voltage ...... 45 
Zero-Signal Plate' 'Current ..................... 88 
Maximum-Signal Plate Current ................ 132 
Zero-Signal Grid-No.2 Current ............. . . . 5 
Maximum-Signal Grid-No.2 Current ............ 15 
Effective Load Resistance (Plate-to-plate) ...... 6600 
Total Harmonic Distortion ...................... 2 
Maximum-Signal Power Output ................ 26.5 

6L6 
360 
270 

-22.6 
45 
88 

140 
5 

11 
3800 

2 
18 

Push-Pull Class, AB. Amplifier 
MAXIMUM RATINGS (SamE!' as; for Class At Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
plate Voltage .......................... : ......... . 
Grid-No.2 Voltage ........................... ; ...• 
Grid.No.l, Voltage .......... '; ..... , .... ' .......... .. 
Peak AF, Grid-No.l-to-Grid-No.l VQltage .........• 
Zero-Signal Plate, Current' ........ ( .............. : • 
Maximum-Signal Plate,,' Clirrent ..................• 
Zero-Signal Grid-No.2'; Cunent .................•.• 
Ma,dmum-Signal Gr;d-N~2 Current ....••..• , •••••• 

360 
225 

-18 
52 
78 

142 
3.5 
11 

250 
-20 

20 
40 
44 

1700 
8 

4700 
5000 

5 
1.4 

270 
270 

-17.5 
36 

134 
165 

11 
17 

5000 
2 

17.5 

6L6GC 
450 
400 

-37 
70 

116 
210 
5.6 
22 

5600 
1.8 
55 

360 
270 

-'22.5 
72 
88 

205 
,5 

16 

345 

volts 
volts 
v'olts 

mA 
mA 

ohms 

pmhos 
ohms 

per cent 
watts 

volts 
volts 
volts 
volts 

rnA 
rnA 
mA 
mA 

ohms 
per cent 

watts 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
per cent 

. 'Watts 

volts 
volts 
volts 
volts 

rnA 
mA 
rnA 
rnA _ .. 



346 RcA RECEIVING TUBE MANUAL 

Effective Load Resistance (Plate-to-plate) ..•..• • • • 6000 
Total Harmonic Distortion. ......................... 2 
Maximum-Signal Power Output ..............••• •• 31 
MAXIMUM CIRCUIT VALUES 
Grid-N o.l-Circuit Resistance: 

For fixed .. bias operation .......... ................ ' ......•••• 
For cathode-hias operation ................................ .. 

6L6G Refer to chart at end of 

6L6GB Refer to chart at end of 

6L7 Refer to chart at end 'of 

6L7G Refer to chart at end of 

6L8$ MEDIUM-MU TRIODE,.... 
SHARP-CUTOFF PENTODE 

N eonoval type with frame-grid pentode used jn tele­
vision receivers. Triode unit is used as a voltage am­
plifier, the pentode unit is used as a video amplifier. 
Outlines section, lOA; requires neonoval 9-contact 
socket. Heater: volts (ac/dc) 6.3; amperes, 0.725; maxi­
mum heater-cathode volts, ±200 peak, 100 average. 

'Class A,. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage ..................................••• 330 
Grid-No.2 (Screen-Grid) Supply Voltage ...........• 

3800 
2 

47 

0.1 
0;1) 

section. 

section. 

section. 

section. 

SDX 

Pentode Unit 
330 
330 

Grid-No.2 Voltage ...............................• See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................. ' ...............• 
Grid-No.2 Input: . 

For grid-No.2 voltages up to 165 volts ........ ; 
For grid-No.2 Voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ........................•.• 
Grid-No.2 Supply Voltage ....................• 
Grid-No.1 Voltage ........................... .. 
Cathode-Bias Resistor ................... : ....• 
Amplification Factor .......................... .. 
Plate Resistance (Approx.) ...................• 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ...........................•. 
Grid-No.1 Voltage (Approx.) for plate current 

of20/LA ................................ .. 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ....................•.•....••• ;. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

125 

(I 
68 
80 

6000 
5000 

13 

-10 

0 0 
2 4 

1.1 
See curve page 96 

50 200 
100 100 

0 0 
82 

50000 
..::.. 20000 
55· 17 
18· 3.5 

-6 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

ohms 
/LmhOS 

mA 
rnA 

volts 

volts 

For fixed-bias operation ....• • • . • . • . • . • • • • • • • • 0.5 0.25 megohm 
For cathode-bias operation ............. ; .... '. • 1 1 megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

6LC8 
8Le8 

HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tEile­
vi~ion .receiver applications. Pilntode unit is used in 
noise~i'mmune gated-agc-amplifier circuits, and the 
triode unit in. s~c-separQ,tor.eirc\lits. OutIinessection, 
6Ej requires mh:liatuJ;e ~9-cQlitact .soeket.'.I,'ype 8L08 'is 
identical jvith ".type:6LC8:except for heat.er rating!!. 
For CUJ;Ves of ave;rage p13te chJl,!'~~J~j'istics,refer . "to 
type 6J{,A8. . . _ .. SQY 



TECHNICAL DATA 

Heater Voltage (ac/dc) ........................... . 
Heater Current ,,',.,., ......... , .. , .. , ..........• 
Heater Warm-up Time (Average) ..............••• 
Heater-Cathode Voltage: 

GLC8 
6.S 
0.6 
11 

347: 

8LC8 
8.4 volts 

0.45 ampere 
11 IIeCODds 

Peak value " ...............................•• 
Average value .............................. .. 

±200max 
100 max 

±200'max volts 
100 max volts 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .. , .......................................... . 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 

Pentode Unit: 
Grid No.1 to Plate .................... , ............ , .. , .. . 
Grid No.1 to Cathode, Heater, Grid No.3, Triode Cathode, and 

Internal Shield ...................... " .................. . 
Grid No.3, Triode Cathode, and Internal Shield to Plate .....• 
Grid No.1 to Grid No.3, Triode Cathode, and Internal Shield ., 
Grid No.3, Triode Cathode, and Internal Shield to Plate, Cathode, 

Heater, Grid No.1, and Grid No.2 ........................ . 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. .. 
Grid Voltage: 

Positive .. bjas value ........................................... .. 
Negative-bias value ......................................•• 

Plate Dissipation ........•...................................... 
CHARACTERISTICS Triode Unit 
Plate Supply Voltage.............................. 200 
Gl·id-No.2 Supply Voltage ....................... . 
Grid-No.1 Voltage ...................•............• 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx .. ) ., ..... , .............. . 
Transconductance, Grid No.1 to Plate ., ......... . 
Transconductance, Grid No.3 to Plate ........... . 
Plate Current .,.,., ............... ' ........ , ..... . 
Grid-No.2 Current ,' .... , .. , ............. , ... , ... _ 
Grid-No.1 Voltage (Approx.): 

For plate current of 10 /LA ........... ,' .. , ... . 
For plate current of 20 /LA '.,.", ........ ,., .. 

Grid-No.3 Voltage (Approx.) for plate current of 
,20/LA ...................................... .. 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

-2 

70 
17500 
4000 

-5 

For fixed-bias operation .................................. .. 
Fo!' cathode .. bias operation ...................•............•• 

• With no external connection to tl'iode plate and triode grid. 

2.2 
2.8 
2.2 

0.10 max 

10 
3.4 

0.36 

12.5 

Triode Unit 
300 

0 
-50 

1.1 
Pentode Unit 

150 
100 

180 

100000 
4400 

600 
-& 

2.8 

--4 

-7· 

Triode Unit 
0.25 

1 

pF 
pF 
pF 

pF 

pF 
pF 
pF 

pF 

volts 

volt. 
volts 

watts 

volts 
volts 
volts 

·ohms 

ohms 
/Lmhos 
,p,mhos 

rnA 
rnA 

volts 
volts 

volts 

megohm 
megohm 

Gated AGe Amplifier and Noise Inverter 
For operation in a 52S-line, 30-fra1ll8 81'Stelll 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage , .. , ... , ..................................... . 
Peak Positive-Pulse Plate Voltage# ..•....•...•••.••.••••••••• _. 
Grid-No.3 (Control-Grid) Voltage: 

Positive .. bias value ................................ " ............... .. 
,Negative-bias value ................................................ . 

Grid-No.2 (Screen-Grid) Supply Voltage ..........•••.•........• 
Grid-No.2 Voltage .. : .. ".,',., ................................ . 
Grid-No.1 (Control-Grid) Voltage: 

Positive .. bias value ........................................................ . 
Negative-bias value ........................................ . 

Plate Dissipation ,' ... , ........................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts .................... .. 
For grid-No.2 voltages between 150 and 300 volts .•••••••••• _ 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ............................ ; ....... . 
For cathode-bias operation , ...... , ....... , ...............•.• 

Pentode Unit 
300 volts 
600 volts 

o vOlts 
-100 volts 

300' volts 
See curve page 96 

o 
-50 

2 

volts 
volts 

watts 

1.1 watts 
See curve page 96 

0.5 megohm 
1 megohm 

# Pulse duration must Dot exceed 15% of a horizontal scanning. cycle (10 microseconds). 
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6LE8 
TWIN PENTODE IOLES, ISLES 

Miniature type used as combined color demodulator 
and matrix amplifier in color television receiverS 
utilizing high-level demodulation systems. Outlines 
section, 6Gj requires miniature 9-contact socket. Types 
10LE8 and I5LE8 are identical with type 6LE8 except 
for heater ratings. 

Heater Voltage (ae/de) ....................... . 
Heater Current ...............................• 
Heater Warm-up Time (Average) ............. . 
Heater-Cathode Voltage: 

6LE8 
6.3 

0.76 

IOLE8 
10.0 
0.45 

11 

ISLE8 
15.0 
0.30 

11 

9QZ 

Peak value .............................. .. 
Average value ........................... . 

+200, -300 max 
100 max 

Direct Interelectrode Capacitances: 
Plate (Each Unit) to All Other Electrodes ...............•.. 
Grid No.1 to All Other Electrodes. . ........................ . 
Grid No.3 (Each Unit) to All Other Electrode .......... : ... . 
Grid No.3 to Plate (Each Unit) ........................... . 
Grid No.3 (Unit No.1) to Grid No,3 (Unit No.2)' ........• : •• 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) ................ __ ................... o' 

Grid-No.2 (Screen-Grid) Voltage .............................. .. 
Plate Dissipation (Each Unit) ................................. . 
Grid-No.2 Input ............................................... . 
CHARACTERISTICS 

Plate Voltage ................................... . 
Grid-No.3 (Suppressor-Grid) Voltage ............. . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value 
Transconductance (Approx.) ..................... . 
Plate Resistance (Approx.) ........... ~ ........... . 
Plate Current ................................... . 
Grid-No.2 CUrI'ent ............................... . 
Grid-No.1 Voltage for plate current of 20 itA .; ... . 
Grid-No.1 Voltage for plate current of 100 itA .... . 
Grid-No.3 Voltage for plate CUTl'ent of 20 itA .....• 
Grid-No.3 Voltage for plate current of 100 itA ..... 

(h Control 
100 

o 
100 

-2.5 
5800 

50000 
8 

15 
-7.2 
-6.3 

6LF8 HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in video-amplifier stages of color 
and black-and-white television receivers. Outlines sec­
tion, 6E; requires miniature 9-contact socket. 
Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................ . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Dh'ect Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .............. , .............................. . 
Grid to Cathode, Heater, Pentode Cathode, I'entode Grid No.3, 

and Internal Shield ............................... ; ..... . 
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield .............................. : ... ; ... . 
Pentode Unit: 

Grid No.1 to Plate ........................................•• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .•....................•.............•.•..••• 

3.7 
15.5 

6 
2.7 
0.1 

300 
1.60 

2 
2 

Go Control 
100 

o 
100 

-2.5 
350 

50000 
7.6 

14.5 

-17.4 
-16.5 

6.3 
0.6 
11 

90X 

±200 max 
100 max 

2.2 

3.2 

1.8 

0.06 max 

10 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

Jlmhos 
ohms 

mA 
mA 

volts 
volts 
volts 
volts 

volts 
ampel'e 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 



TECHNICAL DATA 

Plate to Cathode, Heater. Grid No.2. Grid f:{o.3. and 
. Internal Shield ......... : ..............•............•..••• 3.6 

0.008 max 
0.15 max: 

Pentode Grid No.1 to Triode Plate ......... ~ ................. . 
Pentode Plate to Triode Plate ...........•. ; .................. . 

Class A Amplifier 
MAXIMUM RATINGS (Design-Maximum Valuel) Triode Unit Pentode Unit 

330 Plate Voltage ........... ........ ................. .... '330 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
G.rid-No.2 Voltage ........ : ......................• 
Grid-No.1 (Control-Grid) Voltage: 

> Positive ... bias value ........................ " ... . 
Negative-bias value .......................... . 

Grid-No.1 Current ............................... . 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For gdd-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS Triode Unit 
Plate Voltage .. . . .. . .. .. . . . . . . . .... 200 40 
Grid-No.2 Voltage .................. . 
Grid-No.1 Voltage ................. .. 
Amplification Factor ...... : ........ . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 20 itA ...............• 

MAXIMUM CIRCUIT VALUES 

-2 
70 

17500 
4000 

4 

o 
-5 

3 
40 

10000 
4000 

11 

2.7 

4 
-55 

8 
1.1 

330 
See curve page 96 

o 
-55 

o 
3.75 

1.1 
See curve page 96 

Pentode Unit 
75 100 

1'50 150 
o -2.5 

200000 
11000 

20 
5 
o 

-8 

Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit 

349 

pF 
pF 
pF, 

volts 
volts 

volts 
volts 

mA 
watts 

watts 

volts 
volts 
volts 

ohms 
JLrnhos 

rnA 
mA 
rnA 

volts 

For fixed-bias operation .....................•. 0.5 0.25 megohm 
For cathode-bias operation .................... 1 1 megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum }'atings of the tube will not be exceeded. 

35r--r.~~~--~--rT-y-p-E-6~~-F-8-; 

I-¥t--,!'--j' ... -t_-t-"-:t--'T..;..R:.:;IO:..:D:..:Ec.,-::U",N"-'-j1 6_ 
o ... 

-'" t! 60 
N 

TYPE 6LF8 
_ PENTODE UNIT 
GRID-No.2 VOLTS-150 

I I 
H-Tt-7"-h_ k.r--t--t---t--t---l5 ; ... 

a: 
~~~~~~~ ~ ... ~~~~~~4'" 

~ ::l 50 
Ia: Vzb GRID-No.1 VOLTS ECI=O 

GRID VOLTS EC=4 ~ - - '" !1of-,~~~~ ~+--+-~--~3j 
3 ~ 

1l9~-/t,-Lf7'q-/'-t.. "'-+--+--2 2'~ 
iE 

Ib"'.d~~:::-:;;f£::=-±~:::l-:"":l:-:=-l:=-=!JI I . (1) 

0 0 
400 

92CS-12384T 

r-~ 
~ ~ 40 
(1)::!! 

15 :!j 30 
..J 

Lff 
V 

~:e 20 

10 

o 

- -

IC2 
-I] 

-
-2 

~~-- ECI=O 1-
-I 3 

:-....+- .-1-4 ..... 
3-H-5 

100 200 300 400 
PLATE VOLTS 92CS-12398T 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 6LJ8 

Miniature type used as a combined oscillator and 
mixer in vhf television receivers. Outlines section, 
6B; requires 9-contact socket. Heater: volts (ac/dc), 
6.3; amperes, 0.4; maximum heater-cathode volts, 

9GF ±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

Triode Unit Pentode Unit 
Plate Voltage , ........... " ............ ' .... , ...• 280 280 
Grid-No.2 (Screen-Gl'id) Supply Voltage .........• 
Grid-No.2 Voltage , ...... , .... , .................. . 

280 
- See curve page 96 

volts 
volts 
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Cathode Current ................................. . 20 20 
Grid-No.1 (Control-Grid) Voltage, Positive,bias value 
Plate Dissipation ................................. . 

0 0 
2 2 

Grid-No.2 Input:. . 
0.5 For grid-No.2 voltages up to 140 volts ......... . 

For grid-No.2 voltages between 140 and 2S0 volts See curve page 96 
CHARACTERISTICS . 
Plate Voltage ......................... '.' ..... , ..•.• 
Grid-No.2 Voltage ............................... . 
Cathode-Bias Resistor ..........................•.•. 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... :. 
Transconductance ...........•..•.••..•••...•.•.•.. 
Plate Current ............. : ..................... . 
Grid-No.2 Current ...............................• 
Grid-No.1 Voltage (Approx.) for plate current of 

30 p.A ....................................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: . 

For fixed-bias operation ...•.•.•......•....•.• 
For cathode-bias operation .............. : ..... . 

125 

68 
40 

5000 
8000 

13 

-::6.5 

1 
0.5 

6LM8 MEDIUM-MU TRIODE-SEMI­
REMOTE-CUTOFF PENTODE 

125 
125 
83 

125000 
13000 

12 
3.5 

-4 

0.5 
0.25 

H4 

Miniature type used in color and black-and-white tele-G 

vision receiver applications. The pentode unit is used 2p 3 

mA 
volts 

watts 

watts 

volts 
volts 
ohms 

ohms 
p.mhos 

mA 
mA 

volts 

megohm 
megohm 

in burst-amplifier circuits, and the triode unit as' a dJ,(.. .... ~,.....,~';;"\ 
general-purpose amplifier tube. Outlines section, 6B; 
requires miniature 9-contact socket. 

Heater Voltage (acldc) ............................•..........• 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

6.3 
0.45 

9AE 

Peak value ................................................ . 
Average value ............................................. . 

±200max 
100 max 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ......... , .................................... . 
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield .............. : ........................ . 
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ..................................... .. 
Pentode Unit: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield ................................................... :. 
Heater to Cathode (Each Unit) ............................. .. 

Class A, Amplifier 

1.S 

3.2 

1.9 

0.015 max 

5.5 

3.8 
3.2 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ....................................• 330 350 
Grid-No.2 (Screen-Grid) Supply Voltage ........... ...,... 330 
Grid-No.2 Voltage ................................. See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation '.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 2.5 
Grid-No.2 Input: 

For grid.No.2 voltages up to 165 volts ......... . 0.55 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS . 
See curve page 96 

Plate Voltage ...................................•. 
Grid·No.2 Voltage .......................... : ..... .. 
Grid No.1 Voltage ........................... : .... . 
Amplification Factor ....•...................... ; .• 
Plate Resistance (Approx.) ....................... . 
Transconductance ............................•.... 
Plate Current ........................... : ........ . 
Grid·No.2 Current ............................... . 
Grid·No.l Voltage (Approx.) for plate current of 

10 p.A ................................. , ........ . 
MAXIMUM CIRCUIT VALUES. 
Grid.No.l·Circuit Resistance: 

For fixed-bias operation ...................... . 
For cathode-bias operation .................... . 

125 

-1 
46 

5400 
8500 
13.5 

-S 

0.5 
1 

125 
125 
-2 

150000 
6000 

12 
4 

-14 

0.25 
0.5 

volts 
ampere 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

volts 
volts 

watts 

volts 
volts 
volts 

ohms 
p.mhos 

mA 
mA 

voJts 

me!!,ohm 
megohm 
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TYPE 6LM8 
30 PENTODE UNIT GRID-No.2 VOL TS-I2l! 

1b 0 1, 
~ I ~ID- 0.1 V6LTS ~Cl-o. ... 

20 .".. 
t -

'Ie~, lC2 -I!i 

JlV Ih -.2 
10 ,. -2.15 

It" --- -3 .... _- r- -- -·4 , - - -- -- 15 
-6 

110 ;09 .,wu 
PLATE VOLTS 

H 

Kp 
7 G3p 

IS MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 6LN8 

9DC 

Miniature type used in frequency-changer service in 
television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. 

Heater Voltage (acldc) ......................................••. 6.0 
Heater Current ................................................. . 0.45 

±100max Peak Heater-Cathode Voltage ................................... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ............................ . 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ..........•• 
Grid-No.2 Voltage: 

With cathode current of 14 mA ............... . 
With cathode current less than 10 rnA ........•. 

Cathode Current ................................. . 
Plate Dissipation .................................• 
Grid,No.2 Input: . 

With plate dissipation greater than 1.2 watts .,. 
With plate dissipation less than 1.2 watts ....•• 

CHARACTERISTICS 
Plate Voltage ...................................•. 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ...............................•• 
Amplification Factor ............................. . 
Mu-Factor, Grid No.2 to Grid No.1 ............... . 
Plate ResistaDce (Approx.) ...................... .. 
Transconduetance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................• 
Input Resistance at frequency of 50 MHz ........•• 
Equivalent Noise Resistance ...................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed .. bias operation ...........•.......•••• 
For cathode-bias operation ................... . 

Triode Unit Pentode Unit 
550 550 
250 250 

14 
1.5 

100 

-2 
20 

5000 
14 

0.5 
0.5 

550 

175 
200 
14 

1.7 

0.1> 
0.75 

170 
170 
-2 

47 
0.4 

6200 
10 

2.8 
0.01 
1500 

0.5 
1 

volts 
ampere 

volts 

volts 
volts 
volts 

volts 
volts 

mA 
watts 

watt 
watt 

volts 
volts 
volts 

megohm 
I'mhos 

mA 
mA 

megohm 
ohms 

megohm 
megohm 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 6LQ8 

9DX 

Miniature type used in color and black-and-white tele­
vision receiver applications. The pentode unit is used 
as a video output tube. The triode unit is used in sync 
separator and sound-if circuits. Outlines section, 6E; 
requires miniature 9~contact socket. 
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Heater Voltage (ac/dc) ...•..•••••.•.•.................•.•....•• 
Heater Current ... , .......... , ....................... ; ... , ....... . 
Heater-Cathode Voltage: .,' , , '. 

Peak value ................................................• 
Average value ......................................... ~.~ .•• 

Direct Interelectrode Capacitances: ' ' 
Triode Unit: !... , 

Grid to Plate ..............................................• 
Grid to Triode Cathode, Pentode Cathode, Heater, Pentode 
G,·id No.3, and Internal Shield .. ' ................... '.' ......• 
Plate to Triode Cathode, Pentode Cathode, Heater, Pentode 
. Grid No.3, and Internal Shield ........... ,: ........ ; ...... . 

Pentode Unit :" ' ,,'.' 
Grid No.1 to Plate ....................................... .. 
Grid No.1 to Cathode Heater; Grid No.2, Grid No.3" and 

Internal Shield .................. ' ...... : ................• 
Plate to Cathode. Heater. Grid No.2. Grid No.3. and· 

Internal Shield ....... : ............ : .................... . 
Triode Grid to Pel'tode Plate ................................. . 
Pentode Plate to Triode Plate .................. ' ............... . 

Class A, Amplifier 
MAXIMUM R,~TINGS (Design-Maximum Values) , 

Plate Voltage .................................... . 
Triode Unit 

300 

6.3 
0.7 

±200 max 
100 max 

2.8 

4.2 

2.4 

0.12 max 

14 

4.8 
0.015 max 
0.17 max 

Pentode Unit 
300· 
300 Grid-No.2 (Screen-Grid) Supply Voltage ........... . 

Grid-No.2 Voltage ............... : ............... . - See curve page 96 
Grid-No.1 ,(Control-Grid) Voltage. Positive-bias value 
Plate Dissipation ............................... , . ' 
Grid-No.2 Input:. " . 

o 
2 

o 
5 

1 For grid-No.2 voltages up 'to 150 voltS ;,': ....... . 
For grid-No.2 voltages between 150 and 300, volts See curve page 96 

CHARACTERISTICS , ' Triode Unit, Pentode Unit 
125 200 Plate Supply Voltage .......................... 125' 

Grid-No.2 Supply Voltage ..................... . 125 125 ' 
Cathode-Bias, Resistor ........... . . . . . . . . . . . . . . . .68 ' 82 68 
Amplification Factor, .. ,....................... 46 .' 
Plate Resistance (Approx.) ..................... 4400 55000 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10400 21000 
Plate Current ................................ 15 16.5 
Grid-No.2 Current .... . . . . . . . . . . . . . . . . . . . . . . . . 3.1 
Grid-No.1 Voltage( Approx.) for plate current. 

of 100 /loA ...............................•. -6 -4.2 

75000 
23000 

20 
3.5 

-'-4:2 
MAXIMUM CIRCUIT VALUES Triode Unit Pentode Unit 
Grid-No.1-Circuit Resistance: ' , 

For fixed-bias operation ..................... . 
For cathode-bias operation ................... . 

TYPE 6LQ8 
PENTODE UNIT' 
GRIO.,No.2 VOLTS"25 

h-.;.-:-~ 
r::. \'JO\.TS Eel" -0.5 
GI\\\)''''o. 
~ -I . 

~--lb ~~ 
l?"' 

___ ""Iri-O -2 

",-

o 100 200 300 400 
PLATE VOLTS' 92CS-13751T 

0.5 
1 

6LT8 
8LT8 

TWIN DIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in television receiver applications. 
The pentode unit is used in low-frequency horizontal­
oscillator applications. The diode units are used in 
horizontal afc discriminator circuits. Outlines section, 
6B; . requires miniature 9-contact socket. Type 8LT8 
is identical with type 6LT8 except for heater ratings. 

0.1 
0.25 

9RL 

volts 
ampere 

volt. 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
watt. 

watts 

volts 
volts 
ohms 

ohms 
/lomhos 

mA 
mA 

volt. 

megohm 
megohm 



TECHNICAL DATA 

Heater Voltage .................................. . 
Heater Current ................................. .. 
Heater Warm-up Time (Average) ............•.••• 
Heater-Cathode Voltage: 

6LT8 
6.3 
0.6 
11 

8LT8 
8.1 

0.45 
11 

353 

volt. 
ampere 
seconds 

Peak value ..................................• ±200 max ±200 max volts 
volts Average value ................................ 100 max 100 mal< 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................• 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage .............................................• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation ............................................•• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .........•••••.....•.• 
For grid-No.2 voltages between' 165 and 33 volts .••........• 

CHARACTERISTICS 
Plate Voltage .....................................•...........• 
Grid No.3 (Suppressor Grid) .................................. . 
Grid-No.2 Voltage .............................................. . 
Cathode-Bias Resistor ........................................•• 
Plate Resistance (Approx.) ..................................... . 
Transconductance ..............................................• 
Plate Current ................................................. . 
Grid-No.2 Current .............................................• 
Grid-No.1 Voltage (Approx.) for plate current of 20 itA ......•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance, for cathode-bias operation .......• _. 

Diode Unit (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Continuous Operation) .......................... _. 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for ·plate current of 20 rnA ............... ,,'0 

GIB 

MEDIUM-MU TRIODE­
BEAM POWER TUBE 

330 volts 
330 volts 

See curve page 96 
o volt. 

3.1 watt. 

0.65 watt 
See curve page 96 

125 
Connected 

125 
56 

200000 
13000 

10 
3.4 

-3.5 

1.0 

Ii 

5 

volt. 
to ground 

volts 
ohms 
ohms 

,pmhos 
mA 
rnA 

volts 

megohm 

mA 

volts 

6LU8 
G2B 

~t:",ttf!=~~8:,,-, KS' ~ 9 GSB 

12DZ 

Duodecar type used as a combined vertical-deflection 
oscillator and vertical-deflection amplifier in color 
television receivers. Outlines section, 15D; requires 
duodecar 12-contact socket. Heater: volts, 6.3; am­
peres, 1.5; maximum heater-cathode volts, ±200 peak, 
100 average. 

CHARACTERISTICS 
Class A, Amplifier 

Plate Voltage ...................... . 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification ,Factor ............... . 
Plate Resistance (Approx.) . ; ........ . 
Transconductance ... ' ............... . 
Plate Current .....................• 
Grid-No.1 Voltage (Approx.): 
Grid-No§l Voltage (Approx.): 

For plate current of 10 p.A ..•••• 
. For plate current of 100 pA .... . 
For plate current of I, rnA ..... . 

Triode Unit 
250 

-4 
58 

16000 
3600 

2.3 

-6.6 

Beam Power Unit 
45 135 120 

125 120 120. 
o -10 -10 

12000 
9300 

200.. 56 
20" 3 

-30 
-26 

6.5 

• Triode connection, Grid No.2 connected to plate at socket • 

volts 
volts 
volts 

ohms 
p.mhos 

mA 
rnA 

volts 
volts 
volts 

•• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflecti'on Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Des!gn~Maximum Values) , 
Triode Unit 

Plate Voltage ................................. ,", ... 
Grid-No.2 Voltage ................................ .. 
Peak PoSitive-Pulse Plate. Voltage#, .; .. ; ..••. ; ....• 
Peak .Negative-PulseGrid,No.l Voltage ' ...........• 
Pla.te Dissipation· .. ; .. '" ........................ . 
Peak Cathode Current, ;.;.; ................ ; ... ,., 

Oscillator 
. 400 

-400 
2.5 
105 

Beam Power Unit 
Amplifier 

400 
300 

2500 
-250 

14 
260 

volts 
volts 
volts 
volts 

watts 
mA 
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Average Cathode Current, " . .' .•.•.•.••....... " .... 
Grid-No.2 Input ......... , .. ' •...•.......... " ..•.. '. 
Bulb Temperature (At hottest point) ......... ' ..••• 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

,: 30 75 
2.75 
210 

mA 
watts 

'C 

For fixed-bias operation ' .................. ;.... 1.0 megohm 
For cathode-bias operation .................. ,.. 2.2 2.2 megohms 

#- Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• A bias resistor or other means is required to protect, the tube in absence of excitation. 

6LX8/LCF802 Refer to types 6JW8 and 6JW8/ECF802. 

6LY8 HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele­
vision receiver applications. The pentode unit is used 
as a video amplifier, and the triode unit for general­
purpose use. Outlines section, 6E; requires ,9-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.75; max­
imum heater-cathode volts, ±200 peak, 100 average. 

Class At Amplifier 
SDX 

MAXIMUM RATINGS (Design·Maximum '(a lues) 
Triode Unit Pentode Unit 

Plate Voltage ............... , .................... . 330 330 
Gl·id-No.2 (Screen-Grid) Supply Voltage ......... . 330 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value o 

1.0 

See curve page 96 
o 

Plate Dissipation .................•... : ........... . 5.0 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ........ ' 1.1 
For grid-NO.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
See curve page 96 

Plate Voltage ...................................• 
Grid-No.2 Voltage .............................. : .. 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ........... ; ........ ' .... ; ... . 
Amplification Factor .............................• 
Plate Resistance (Approx.), ....................... . 
Transconductance ................................ . 
Plate Current " .... ' ............................. . 
Grid-No.2 Current ..............................• ; 
Grid Voltag (Approx.) for plate current 

of 10 pA .......................•..........••• 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ........•..•..•...••.•.•..•.• ! ...... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................... ,'. 
For cathode-bias operation ............. , ..... . 

250 

'-2.0 

100 
59000 
1700 

1.0 

-5 

0.5 
,1.0 

6Mll HIGH-MU TWIN TRIODE­
SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. 
The triode units are used' in sync-separator and age­
amplifier circuits; the pentode unit is used in if-ampli­
fier circuits. Outlines section. SB; requires duodecar 
12-contact socket. 
Heater Voltage (ac/dc) ...•..•....•......... -.....•.............• 
Heater Current ......... ; •.•....................•. ; ............ . 
Heater-Cathode Voltage: 

Peak value ................................................• 
Average 'Value ...•..............................•....... ~ .•• 

Direct Intereleetrode Capacitances:** 
Triode Units: 

Grid to Plate ", .••. .,.............. • ••• , ••••• , ••••••••• , ••• 

35 
100 

o 

54 
13.5 

0.5 
1.0 

200 
100 

82 

60000 
20000 

19.6 
3.0 

-6.3 

12CA 
6.3 

0.77 

±200max 
100 max 

1.8 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

ohms 
pmhos 

mA 
mA 

volts 

volts 

megohm 
megohm 

volts 
ampere 

volts 
volts 

,PF 



TECHNICAL DATA 

Grid to Triode Cathode, Pentode Cathode, Heater, Pentode 
Grid No.3, ,and Internal Shield ... ,., .. ,' ................. . 

Plate to -Triode Cathode, Pentode Cathode, Heater, Pentode 
Grid No.3, and Internal Shield ........................... . 

Pentode: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Grid No.2. Grid No.3, and Internal Shield 
Plate to Cathode, Grid No.2, Grid No.3. and Internal Shield ... 

3.4 

0.8 

0.03 
12 

2.8 

•• With external shield connected to pentode cathode, grid No.3. and internal shield. 

Class At Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For voltages up to 165 volts ...................• 
For voltages between 165 and 330 volts .........• 

CHARACTERISTICS 
Plate Supply Voltage ............................ . 
Grid-No.2 Supply Voltage ........................ _ 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) .......... : ............ . 
Transconductance ................................ . 
Plate Current .......................... ; ......... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current 

of20pA ....................................... _ 
Grid-No.1 Voltage (Approx.) for plate current 

of 50 pA ......................................•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance, for cathode-bias 

operation ...................................... ... 

Each 
Triode Unit Pentode Unit 

330 330 
330 

See curve page 96 
0 0 

2.2ti 3.1 

0.65 
See curve page 96 

125 125 
125 

125 56 
58 

7250 200000 
8000 13000 

8 11 
3.4 

-3.6 

-4.6 

O.GB 1 

355 

pF 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
watts 

watt 

volts 
volt. 
ohms 

ohms 
Itmhos 

mA 
mA 

volts 

volts 

megohm 

MEDIUM~MU 
TRIPLE TRIODE 6MD8 

N ovar type used in matrixing circuits of color and 
black-and-white television receivers. Outlines section, 
HE; requires novar 9-contact socket. 

Heater Voltage (ac/dc) ........................................ . 
Heater Current .. , .............................................• 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Intereleetrode Capacitances (Approx.): 
Grid to Plate ............................. . 
Grid to Cathode and Heater ............... . 
Plate to Cathode and Heater .............. . 

Unit Unit 
No.1 No.2 

3 
3.6 

0.48 

3 
3.6 

0.48 

Class A1 Amplifier (Each Unit) 
MAXIMUM RATINGS' (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage. Positive-bias value ................................ '. 
Plate Dissipation .............................................. . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid Voltage .................................................. . 
Amplification Factor ................... : ....................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current .................................................•. 
Plate Current for grid voltage of -14 volt. . .................... . 
Grid Voltage (Approx.) for plate current of 50 itA ......••....... 

6.3 
0.9 

±200 max 
100 max 
Unit 
No.3 

3 
3.4 

0.36 

330 
o 
3 

250 
-10.5 

17 
5500 
3100 
11.5 

4 
-23 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

watts 

volts 
volts 

ohms 
pmhos 

mA 
rnA 

volts 
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MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistane.e. for fixed-bias operation 1 

TYPE6MD8 
EACH \JNIT 

P-

I-- r-~.e>t 
ff. ~ 

" I--

".f / 7- .. ~ 
V ........ V , ......... V_ "]P r--/" 

-----

10 

o 200 300 4()O 
PLATE VOlTS 92CS-II ... r 

6N6G Refer to chart at end of section. 

6N7 
Refer to chart at end of section. 6N7GT 

6P5GT Refer to chart at end of section. 

6P7G Refer to chart at end of section. 

6Q7 
607G Refer to chart at end of section. 

6Q7GT 

6Qll Refer to chart at end of section. 

6R7 
6R7G Refer to chart at end of section. 
6R7GT 

654 Refer to chart at end of section. 

6S4A MEDIUM-MU TRIODE 

Miniature type used as vertical-deflection amplifier in 
color and black-and-white television receivers. Outlines 
section, 6E; requires miniature 9-contact socket. 
Heater Voltage (ac/de) ................................... , ...•• 
Heater Current ..................................................• 
Heatel' Warm-up Time (Average) .............................. . 
Heater-Cathode Voltage: 

Peak value· ...............................•......•.......... 
Average value .............................................. . 

Dh'ect Interelectrode Capacitances (ApPl'OX.): 
G"id to Plate .............................................. . 
Grid to Cathode and Heater ................................. . 
Plate to Cathode and Heater .............................. , .•. 

Class At Amplifier 
~HARACTERISTICS 
Plate Voltage ..................................... " ... 

9AC 
6.3 
0.6 
11 

±200 max 
100 max 

2.4 
4.2 
0.6 

250 

megohm 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 



TECHNICAL DATA 

Grid Voltage .................•.......... > ...................••• 
Amplification Factor ..........................................•• 
Plate Resistance (Approx.) ..................................... . 
Transconductance ............................................. , • 
Plate Current ..................................................• 
Plate Current for grid voltage of -15 volts .....................• 
Grid Voltage (Approx.) for pla.te current of 50 p.A ............•• 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 

-8 
16.5 
3700 
4500 

24 

" -22 

357 

volts 

ohms 
Jtmh08 

mA 
mA 

volts 

DC Plate Voltage ..............................................• 550 vplta 
Peak Positive-Pu Ise Plate Voltage# ............................•• 2200 volts 
Peak Negative-Pulse Grid Voltage ............................... -250 volts 
Peak Cathode Current ..........................................• 105 mA 
Average Cathode Current ........................................ 80 mA 
Plate Dissipation ..............................................• 8.5 watts 
MAXIMUM CIRCUIT VALUE , 
Grid-Circuit Resistance, for cathode-bias operation ...... ,.......... 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HIGH-MU TWIN TRIODE 

657 
657G 

658GT 

65A7 
65A7GT 

65B7Y 

65C7 

65FS 
6SFSGT 

6SF7 

6SG7 

6SH7 

6SJ7 
6SJ7GT 

6SK7 
6SK7GT 

6SL7GT 
12SL7GT 

Glass octal type used as phase inverter in radio equip­
ment. Each unit may also be used in resistance-coupled 
amplifier circuits. Outlines section, 13D; requires octal 
socket. Except for the common heater, each triode unit 

BBD is independent of the other. For typical operation as 
phase inverter or resistance-coupled amplifier, refer to Resistance-Coupled 
Amplifier section. Type 12SL7GT is identical with type 6SL7GT except for 
heater ratings. . 

Heatel' Voltage (ac/de) .......................... . 
Heater Current ..................................• 
Peak Heater-Cathode Voltage .......•..•... , •.• , ••• 

ClSL7GT 
6.3 
0.3 

±90max 

12SL7GT 
12.6 
0.15 
±90max 

volts 
ampere 

volta 
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Direct Interelectrode Capacitances (Approx.):o , . Unit No.1 Unit No.2 
Grid to Plate ................................•.•• 2.S 2.S 
Grid to Cathode and Heater .................. . 3.0 8.4 
Plate to Cathode and Heater .................. . 3.S 3.2 

• With 'external shielJ coiln~cted to cathod~. 
Class ,A1 Amplifi~r 

MAXIMUM RATINGS (Design·Center Values) • 
Plate Voltage .................................................... . 
Grid Voltage, Positive-bias value ............................... .. 
Plate Dissipation ...... ~ ......................................... . 
CHARACTERISTICS 
Plate Voltage ........................................... :~' ..... .. 
Grid Voltage ................................................... . 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) ..•................................... 
Transconductance ...................•........................... 
Plate Current ..................................................• 

300 
o 
1 

250 
-2 

.70 
44000 

1600 
2.8 

6SN7GT 
6SN7GTA Refer to chart at end of section. 

6SN7GTB MEDIUM-MU TWIN TRIODE 
llSN7GTA 

Glass octal type used as combined vertical oscillator 
and vertical-deflection amplifier, and as horizontal­
deflection oscillator, in color and black-and-white tele­
vision receivers. Each unit may also be used in multi­
vibrator or resistance-coupled amplifier circuits in 
radio equipment. Outlines section, l3D; requires octal BBD 

volta 
volta 
watt 

volts 
volta 

ohms 
I'mhos 

mA 

socket. Except for the common heater, eac~ triode unit is independent of 
the other. For typical operation as resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section. Type l2SN7GTA is identical with 
type 6SN7GTB except for heater ratings. 

6SN7GTB 12SN7GTA 
Heater Voltage (ac/de) ......................•.••• 6.3 12.6 
Heater Current .. : ............ : ..................• 0.6 0.3 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

11 

Peak value ............ :....................... ±200 max ±200 max 
Average value ................................ 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate .............................. '. .. • 4.0 3.8. 
Grid to Cathode and Heater ..................•. 2.2 2.6 
Plate to Cathode and Heater ................... 0.7 0.7 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ....................... ' .........................•. 
Cathode Current ...............................................• 
Plate Dissipation: 

For 'either plate ....................................... : ....• 
For both plates with both units operating ...................• 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .................................... . 
Amplification Factor ....... : ......................• 
Plate Resistance (Approx.) .. ~ .................... . 
Transconductance ....... : ........................ . 
Plate Current ......... ' ...... ' .....................• 
Plate Current for grid voltage of -12.0 volt. . ....• 
Grid Voltage (Approx.) for plate current of 10 /LA .• 
MAXIMUM CIRCUIT VALUE 

90 
o 

20 
6700 
3000 

10 

-7 

Grid-Circuit Resistance, for' fixed-bias operation .••••••••••••• ; ••• 

450 
20 

6 
7.6 

250 
~S 

20 
7700 
2600 

9 
1.3 

-IS 

1.0 

volta 
ampere 
seconds 

volta 
volts 

pF 
pF 
pF 

volts 
mA 

watta 
watts 

volts 
volta 

"hms 
",mhos 

--mA 
rnA 

volt. 

megohm 



TECHNICAL DATA 

Oscillator (Each Unit) 
For operation in a S25-line, 30-frame system 

Vertical­

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ..............................• __ 
Peak Negative-Pulse Grid Voltage ................• 
Peak Cathode Current ............................• 
Average Cathode Current .......................•. 
Plate Dissipation: 

Fot· either plate ...........................••• 
For both plates with both units operating .....•. 

MAXIMUM CIRCUIT VALUES 

Defteetion 
Oscillator 

450 
-400 

70 
20 

5 
7.5 

Horizontal­
De8eetion 
Oscillator 

450 
-600 

300 
20 

5 
7.5 

Grid-Circuit Resistance· ....... . . . . . . . . . . . . . . . . . . . . . 2.2 2.2 

Vertical Deflection Amplifier (Each Unit) 
For operation in a 525-line, :lO-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate' Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute maximum) ....... . 
Peak Negative-Pulse Grid Voltage .............................. _ 
Peak Cathode Current .......................................... . 
Average Cathode Current ....................................... . 
Plate Dissipation: 

For either plate ............................................• 
For both plates with both units operating .................. . 

MAXIMUM CIRCUIT VALUE 

450 
1500-

-250 
70 
20 

5 
7.5 

Grid-Circuit Resistance, for cathode-bias operation ................ 2.2 

# Pui.e duration must not exceed 15% of a vertical cycle (2.5 milliseconds). 
- Under no circumstances should this absolute value be exceeded. 

30r-~.-~r--'---'~T~YP~E~6~SN~7~G=T~B~ 

251-~----I 

13 
~ 20 
:::I! 
« 15 
3 
:iii 

EACH TRIODE UNI 

IIJ 101-.....,hh"H'-+-++-f++--I. 'I--+---l 
!q 
~ 

92CS ·8322T1 

65Q7 

359 

volt. 
volts 

mA 
mA 

watts 
watts 

megohms 

volts 
volts 
volts 
rnA 
mA 

watts 
watt. 

megohms 

Refer to chart at end of section. 65Q7GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

65R7 

6557 

65T7 

65Z7 

6T4 

6T7G 

6T8 
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6T8A 
5T8. 

TRIPLE DlODE--­
HIGH-MU TRIODE 

Miniature t;:fpe used as combined audio amplifier, AM~g2 3 

detector, and FM detector in AM/FM radio receivers. 
Diode unit No.1 is used for AM detection, and diode PD ... 2".',.,,, .... 

units No.2 and No.3 are used for FM detection. Out- 2 r.,""""---;"'" 
lines section, 6B; requires miniature 9-contact socket. PD3 
For typical operation. as resistance-coupled amplifier, 9E 
refer to Resistance-Coupled Amplifier section. Type 5TS is identical with 
type 6TSA except for heater ratings. 

Heatel' Voltage (acldc) ..........................• 
Heater Current .. , .... , ........ ,',',""",' .. ',',. 
Heater Walm-up Time (Average) "','".,",."',. 
Heater-Cathode Voltage: '. 

Peak value "','".,"",.",.,., .. '" ....... . 
Average value "',.,"""""",., .. ,', ... , ... . 

Direct Interelectrode Capacitances: 
Triode Unit: ' 

Grid to Plate' '.",.,"" 'F""!;",",.".,.,",. 
Grid to Cathode, Internal ~hield (pin 7), an~ 

Heater , .... "',, ............... ," .. , .... ,', 
Plate to Cathode, Internal Shield (pin 7), and 

Heater ""', ......... ,., .... ; ......... , ... . 
Diode Units: , 

Diode-No.1 Plate to Cathode, Internal Shiel ... ·,' 
(pin 7), and Heater ................ , .... , .. . 

Diod!",No.2 Plate to yathode, Internall'l)!.ielft"~ 
(pm 3), and Heater .................. "."~ .. . 

Diode-No.3 Plate·.to Cathode, Internal Shield 
(pin 7)1. and Heater ......... ot-.......... , .... . 

Diode-No.~ Cathode, Internal Shield (pin 3) 'to All' 
Other Electrodes, and Hea.ter,· ... , ........ :._ .. 

Triode Grid to· any Diode "'Plate', : ...... ; ...... : .. . 

* With external shield connected to pin. 7 ~xcept' as noted • 
• With external shield connected to pin ~!l< . . 
• With external shield connected to pins 4 and Ii. 

TYPE' GT8A 
3 ,TRIODE UNIT 

5T8 6T8A 
4.7 6.3 
0.6 0.45 
11 11 

±200 max ±100 Dlax 
100 max -" 

Unshi<llded Shielded 

1 .. 7 1.7 

1.6 1.7 

1.2 2.4 

.8,8 3.8 
",,,, 

3.8 3.8* 

"'3.4 3.6 
7.5 8.ll,!<' 

".0~oa4 max 0.034 max 

92CS-7063T 

Triode Unit as Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .,',., .. ".,." ........... , ................ : ....•• 
Grid Voltage, Positive-bias value , .. , .. , ........ " ... ,., ........• 
Plate Dissipation ..... , ... , ........... ' ...................•.....• 
CHARACTERISTICS 
Plate Voltage " .. , ....................... , ...... . 
Grid Voltage '.,',., .... ,' ......... "., ....... ' .. . 

100. 
-1 

Amplification Factor •....•.••..... , ............. . '10 

330 
o 

1.1 

250 
-3 

70 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

watts 

volts 
volts 
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Plate Resistance (AilProx.) ,." ....•...... , .....••• 
TI'snsconductance ................................ . 
Plate Current ,,"""',"",.,.",',"",',,""'. 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 

04000 
1300 

0.8 

Plate CUl'l'ent (Each Unit) """.,', .. ,',',."., ... ,., .. ,." ..•• 

IS Ne 

TRIPLE OIOOE­
HIGH·MU TRIODE 

58000 
1200 

1.0 

0,5 

~T9 

361 

ohms 
I1mho. 

rnA 

'rnA 

.. 
12FM 

Duodecar type used in audio-frequency circuits. The 
triode unit is used as' a voltage amplifier; the pen­
tode unit is used as a power amplifier. Outlines sec­
tion, 8B; requires duodecar 12-contact socket. 

Heater Voltage (ac/dc) ., ...... , ..... , .. , .. " ...... , ...........• 
Heater Current "" , , , . , . ' , .. , , , , , , , , , , . , , , , , , , . , ... , , ....... . 

6.3 
0.93 

Heatel'-Cathode Voltage: , 
Peak value ,'"',',,.,",.,"""'.,.,.,.,", ..... ,., ...... . :!:200 max 
Average value ","",",',",',"".,""".,,"', ...... , .. 100 max 

Direct Intel'electrode, Capacitances: 
Pentode Section: 

Grid No.1 to Plate " , , , , , . , , , , ' , , , , , , , , ' , , , . , , , .. , .. , ...... .. 0.2 
Grid.No.1 to Cathode, Heater, Grid No.2, Gl'id No.8, and .I1Jtel'Jl.~,' 

Shield .,', .. ',',""'""',", .. " .. ,, ... , .. ' .... ","',) ., ... ,_ 
Plate to Cathode, Heater, Grid No.2, Gl'id No.3, and Inte\ltal' 

Shield ,.,',. ,',., .. """"""""""" ... , ..... ,. :":" ,',. 

11 

11 
T"iode 11 n it : 

Grid to Plate ,",',"".,',"".,"",.,",., .. , ........... . 2.6 
Grid to Cathode, Heater, and Intel'nal'Shield" , , . , , , , ... , ...... . 
Plate to Cathode, Heater, and Internal Shield ",., .........•• 

3,4 
1,1 

C)~s' At A~plifier 
MAXIMUM RATINGS (Design-Maximum Values) Tpi .. d~JrnIt Pen~ode Unit 
:i'l~t~ Voltage ".,' ; , , , ' .. , , ' , ' , , , , . , , , , .... , .. : .. '! ' .~ , 275 
Grid-No.2 (Screen-Gnd) Voltage "',.,",',,.,",. ,,'!'F 275 
Grid-No.1, (Control-Gdd) Voltage, Positive-bias value' 0 0 
Plate Dissipation ""',." .. ,",.,', .. " .. , .. :..... 1.5 12 
Gdd·No.2 Inpllt ,,",',',',,',', .......... ,',.,... 2 
CHARACTERJSTICS (Triode Unit) 
Plate 'Vollilge .. "., .. ,.".,.,., .. , ... , ..... ,., ... , ......... , ...• 
Grid Vt>ltage ,.,"',.,",:;"",." .. "." ..... " ... , ......... ' .• " 
Amplification Factor "',.,"', .................. , .. ; ........ ; .. . 
Plate Resistance (API)l'ox.) ,,", .. ,., .. , .. , ..... ,.' ............ .. 
Transconductance "",.',',.,', .. , .. , ... , ..... , , ................. . 
Plate Current' ... , . ' , , ' , , . , , , , , , , , , , , , , , . , , . , . , . , , , . , ........... . 
TYPICAL OPERATION (Pentode Unit) 

~~~N:21~rt,.g~'::::::::::::::::::::::::: ::::::::::::::: ::::::: 
Grid-No.1 Voltage ."',.,',',,',.,".,,.,,", ..... ' ........... , .. ' 
Peak AF Grid-No.1 Voltage "',.,"', ... , .. , ... ; ... , ........... . 
Zero-Sig,nal Plate Current "".""""'."'."'." .. "'., .. , .. ,.' 
Maximum-Signal Plate CUlTent "',., ...... , .. '., .... , ......... . 
Zero-Signal Grid-No.2 CUTl-ent """""',',.,.""", ... ' ..... . 
Maximum-Signal Gdd-No.2 Current ""',.,""", ........... ,.,. 
Plate Resistance (Approx.) ,,",',',',.,"",',.,., ... , .. , ...... . 
Tl'ansconductance ." ".,',.,.,'., .. ,',., ... , ....... , ...... ".,. 
Load Resistance "" """."""'.,'.""".",, ... , ... ,.,.' ... . 
Total Harmonic Distortion (Approx.) ,,",.,' ,', ................. . 
Maximum-Signal Power Output ,',.,.,.,., .. ,." .... , ... , ....... . 
MAXIMUM CIRCUIT VALUES 

2~0 
:""2 
,96 

4.5000 
21'00 

1.5 

250 
250 
-8. 

8, 
85 
39 

2.5 
7 

0.1. 
6500 
5000 

10 
..2 

Grid-No.l-Circuit Resistance: Triode Unit Pentode Unit 

volts 
ampere 

volts 
volts 

llF 

pF 

pF 

pF 
pF 
pF 

volts 
volts 
volts 

watts 
watts; 

volts 
volts 

ohms 
pmhos 

rnA 

volts 
volts 
volts 
volts 
rnA 
mA 
mA 
mA 

megohm 
pnihos 

ohms 
pel' cent 

watts 

For fixed-bias operation, , . , , ................... . 0.5 0.25 megohm 
For cathode-bias operation ,., .. " ..... , ..... , .. 1$ 0.5 megohm 

... For cathode-bias operation of the triode unit, a maximum resistance of 10 megohms can he 
used provided the plate dissipation never exceeds 0.25 watt. 
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6Tl0 BEAM POWER TUBE­
SHARP~CUTOFF PENTODE 

Duodecar type used as combined FM detector and 
audio-frequency output amplifier in color and black­
and-White television receivers .. The beam power unit 
is used in af output stages, and the sharp-cutofl', dual­
control pentode unit is used as an FM detector. Out­
lines section, 8C; requires duodecar 12-contact socket. 
For maximum ratings and characteristics, refer to type 
6ALll. . . . 

12 
H 

12EZ 
Heater Voltage (ac/dc) .........•............. .' ................. . 
Heater Current ................................................ . 

6.3 
0.95 

volts 
amperes 

Heater-Cathod!! Voltage ....................... , ................ . 
Peak value ......... , ..................................•.... ±200max 
Average value ............................................ . 100 max 

Direct Interelectrode Capacitances: 
Unit No.1: . 

Grid No.1 to Plate ......................................... . 0.22 
Grid ·No.1 to Cathode, Heater, Grid No.2, Gl'id No.3, and Internal 

Shield ................................................... . 11 
Plate to Cathode, Heater, Grid No.2, Grid· No.3, and Internal 

Shield ................................................... . 10 
Unit No.2: 

Gril,i No.1 to Plate ......................................... . 0.032 
Grid No.3 to Plate ............... : .......... ; .............. . 3 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3 and Internal 

Shield ................................................... . 6.6 
Grid No~3 to Cathode, Heater, Grid No.1, Grid No.2, Plate, and 

Internal Shield .......................................... . 7.5 
Grid No.1 to Grid No.3 ........... , ........................ . 0.12 
Plate of Unit No.1 to Plate of Unit No.2 ......... ' ........... . 0.13 

6U5 
6U7G 
6U8 

Refer to chart at end of section. 

Refe,l' to chart at end of section. 

Refer to chart at end of section. 

6U8A 
SUB,9U8A 

MEDIUM-MUTRIODE­
SHARP·CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in color and black-and-white television receivers GI 

utilizing an intermediate frequency in the order of 
40 MHz. Outlines section, 6B; requires miniature 9-
contact socket. Types 5U8 and 9U8A are identical with 
type 6U8A except for heater ratings. 

Heater Voltage (ac/dc) .................. _. 
Heater Current ........................•.. _ • 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

liua 
4.7 
0.6 
11 

aU8A 
6.3 

0.46 
11 

9AE 

9U8A 
9.45 
0.3 
11 

Peak value ........................... _ ±200. max ±200 max ±200 max 
Average value .... ; .................... .. 

Direct Interelectrode Capaeitances: 
Triode Unit: 

Grid to Plate ............................... _ 
Grid to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield ....• , 
Plate to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield ..... , 
Pentode. Unit: ' 

Grid No.1 to Plate ..... c ..................... , 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield .............• 
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield .....•...... _ • 

100 max 100 max ,100 max 
Unshielded Shielded. 

1.8 1.8 

2.8 2.8 

1.6 2 

0.010 max 0.006 max 

5.0 5.0 

2.6 3.5 

volts 
volts 

pF 

pF 

pF 

pF 
pF 

pF 

pF 
pF 
pF 

T 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

Pl!' 
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Triode Cathode to Heater ...................... '.'" 
Pentode Cathode, Pentode Grid No.3, and 

Internal Shield ............................. . 
Pentode Grid No.1 tp Triode Plate ............•• 
Pentode Plate to Triode Plate .................. . 

.. With external shield connected to pin 4 except as noted. 
., With external shield connected to pin 6. 

s· 
a 

0.2 max 
0.1 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage .................. , ................. . 330 
Grid-No.2 (Screen-Grid) Supply Voltage ' .........• 

s· 
0.2 max 

0.02 max 

Pentode Unit 
330 
330 

363 

pF 

pF 
pF 
pF 

volts 
volts 

Grid-No.2 Voltage ........ , ....................... '. See curve page 96 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation .... '~' ........................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Voltage ...................................• : 
Grid-N02 Voltage ...............................• 
Grid-No.1 Voltage ............................... . 
Amplification Factor , ............................. . 
Plate Resistance (Approx.) .......................• 
Transconductance ...............................•. 
Plate Current ....................................• 
Grid-No.2 Current .......... , ..... , .... , ..........• 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A ....................................... . 

0 
2.5 

125 

-1 
40 

7500 
13.5 

-9 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

0 volts 
3 watts 

0.55 W8,tt 
See curve page 96 

125 volts 
110 volts 
-1 volts 

0.2 megohm 
5000 p.mhos 

9.5 
3.5 

-8 

6U91 
ECF201 

5U9/LCF201 

rnA 
mA 

volts 

10K 

Miniature type used in if-amplifier and sound and sync 
applications in television receivers. Outlines section, 
6B, except has 10-pin base; requires miniature 10-
contact socket. Type 5U9/LCF201 is identical with 
type 6U9/ECF201 except for heater ratings. 

5U9/LCF201 6U9/ECF201 
Heater Voltage ................................. . 5.9 6.3 
Heater Current .. ,., .. ' .. ' ....................... . 0.45 0.41 . 
Peak Heater-Cathode Voltage ..................... . ±100 max ±150 max 
Direct Interelectrode Capacitance,: 

Pentode Unit: 
Plate to All Other Elements (except grid No.1) ........... . 
Grid No.1 to All Other Elements (except plate) ...........• 
Grid No.1 to Cathode ..................................... . 
Plate to Grid No.1 ... , ..................................... . 
Grid No.1 to Grid No.2 ................................... . 

Triode Unit: 
Plate to All Other Elements (except grid) ................. . 
Grid to All Other Elements (except plate) ................. . 
Plate to Grid, 0 • 0 ••• 0 , , , •.•••••••• 0 •• , ••••••••••••••••••••• 

Pentode Plate to T"iode Plate . 0 0 •••••••••• 0 •••••••••••••••••• 
Pentode Grid No.1 to Triode Plate . ' ................... , .... .. 
Pentode Grid No.1 to Triode Grid 0 ••••••••••••••••••••••••••••• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

Plate Supply Voltage .0 ••••••••.••••••••••••••••• 
Plate Voltage ., .. '., .... ,.,.' ... "0 ••••••••••••••• 

Grid-No.2 (Screen-Grid) Supply Voltage ; ........ . 
Grid-No.2 Voltage 0,.,. 0 •••••••• 0 ••• 0 • 0 •••••••••••• 
Peak Cathode Current. . ..........................• 
Cathode Current. 0 • 0 ••••••••••• 0 ............ 0 •••••• 
Plate Dissipation ..............................••. 
Grid-No.2 Input ............................. ; .... . 
CHARACTERISTICS 
Plate Voltage .- ..... 0 ••••••••••••••••••••••••••••• 

Grid-Noo.3 (Suppressor-Grid) Voltage .....•....•••• 
Grid-No.2 Voltage ...... , .. , .................... .. 
Grid-No.1 (Control-Grid). Voltage ................. 0 

Triode Unit 
550 
250 

50 
18 

1.5 

100 

-2 

3.5 
6.5 
4.0 

<6.5 
1.8 

3.0 
2~5 
2.0 

<15 
<1.2 
<1.5 

Pentode Unit 
550 
250 
550 
250 

18 
2.1 
0.7 

160 
o 

0110 
-1 .• 

volts 
ampere 

volts 

pF 
pF 
pF 
fF 
pF 

llF 
llF 
pF 
fF 
fF 
:IF 

volts 
volts 
volts 
volts 

mA 
mA 

watts 
watt 

volts 
volts 
volts 
volts 
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lI<Iu Factor, Grid No.1 to G;ridNo.2 ..... ';-......... . 
AmplitiCl'tion FactQr ......... ' ............ ' ........ .. 
Transconduct.nee ....... , .... ', , ......... , . .- ._ ..... . 
Plate. Current .......... ; , .. , ........ ' ............ .. 

~~i~u2M ~~~~~T 'vAi:~ES ..... ',: ............... . 
Grid-No.l-Circui~ Resist>lnce '" .... ' ...•............ 

45 
17 .:.... 

5000 12000 {lirihos 
14 18 mA 

5 ~ 

1 1 meg-obm 

;. With a maximum dutf cfcle of o.iO and JI18ximum puise duration of 10 microseconds. 

THREE-UNIT TRI.oD~ 
I<T2 GT2 

Duodecar type used ill amplifier applications. Units PT2 6 7 

6Ul0 
No.1 and No.3 are medium-mu triode units, and unit 5 

No.2 is a high-mu triode unit. Outlines section, SA; I<T, 4 

,requires duodecar 12-contact socket. Heater: volts liT;, ;, 
- (ac/dc), 6.3; amperes, 0.6; warm-up time (average), ~2Wt::::!;;;Y::::.Lt:i:? 

11 sl1conds); maximum heater-cathode volts, ±275 Pr;, 
(peak) for units 1 and 3; ±200 (peak) for unit 2; 
100 (average) for each unit. 

Class A~ Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................. .. 
DC Grid Voltage: 

Positive-bias value .. ; ........................ . 
Negative-bias value ........................... . 

Average Cathode Current ......................... . 
Plate Dissipation .......... .- ....................•.. 
CHARACTERISTICS 
Plate Voltage .................................. .. 
Grid Voltage .................................... . 
Amplification Fact"" ............................ .. 
Plate Resistance (Appl'ox.) .......................• 
Transconductance ................................ . 
Plate Current ........ : ..........................• 
Grid Voltage (ApPl'ox.): 

For plate current of 100 itA ................. . 
For plate current of 35 itA ...................• 

MAXIMUM CIRCUIT VALUES 
Grid.Circuit Resistance: 

For fixed·bias operation ...................... . 
For cathode·bias operation ................... . 

Units Nos. 
1 and 3 

330 

0 
-50 

20 
2-

200 
-6 
17.5 
7700 
2300 

9.6 

-1. 

1 
2.2 

Unit 
No.2 
330 

0 
-50 

200 
-1.5 

90 
61000 
1600 

1.2 

-3 

'0.5 
1· 

12FE 

volts 

volts 
volts 
mA 

watts 

Volts 
volts 

ohms 
{lrnhos 

'rnA 

volts 
volts 

megohm 
megohms 

• ThiH value may reach 10 megohms' provided the plate-supply voltage and load resistance 
are such that the plate dissipation can never exceed O.D watt. 

6V3A HALF-WAVE 
VACUUM RECTIFIER 

Miniature type used as a damper tube in horizontal­
deflection circuits of television receivers. Outlines sec· 
tion. 7Bj requires miniature 9-contact socket. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Heater: volts (ac/dc), 6.3; amperes, 1.75. 

Damper Service 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage# (Absolute Maximum) ............. . 

, Peak ,Plate Current ............................................ . 
Average Plate Current ...................................... .. 
HeMer-Cathode Voltage: 

Peak value ........................•.......••.. +300 
Average value ................................ +100 

6000t 
800 
135 

-6750t 
-750t 

H 

9BD 

volts 
mA 
mA 

volts 
volts 

# Pulse duration must not ':xceed 15% of a horizontal scanning cycle (10 microseconds). 
t Under no circumstances should this absolute value be exceeded. 
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P 3 ' ~
G! 5Gf 6V6 

6V6GTA 
H 2 ,7 H 

18K 
S:W. C" 

NC'6VOCTA 

BEAM POWER TUBE SVCiGT, 12VCiGT 

Metal type 6V6 and glass octal type 6V6GTA al'e used 
as output amplifiers in automobile, battery-operated, 
and other receivers in which reduced plate-current 
drain is desirable. Outlines section, 2B and lSD, re-

7AC spectively; require octal socket. These tubes are equiva-
lent in performance to type 6AQ5A. Refer to type 6AQ5A for average 
plate characteristic curves. Types 5V6GT and 12V6GT are identical with 
type 6V6GTA except for heater ratings. 

Heater Voltage (ac/dc) ......... . 
Heater CUl"l'ent ................. . 
Heatel' Warm-up Time (Average) 
Heatel'-Cathode Voltage: 

5V6GT 
4.7 
0.6 
11 

6V6 
6.3 

0.45 

6V6GTA 
6.3 

0.45 
11 

12V6GT 
12.6 

0.225 

Peak value' .......... ' ...... .. :!:200 max :!:200 max :!:200 max :!:200 max 
Average value " ............ . 100 max 100 max 100 max 100 max 

6V6° 6V6GTA 
Direct Interelectrode Capacitances (ApPl'Ox.): 

Gdd No.1 to Plate .... , ... , ..... ' ............• 
Grid No.1 to Cathode, Heatcl" Grid No.2, and 

Glid No.3 .................................• 
Plate to Cathode, Heater, Grid No.2, and 

Gl'id No.3 ...............................•.• 

o With shell connected to cathode. 

Class A, Amplifter 
MAXIMUM RATINGS (Design·Maximum Values) 

0.3 

10 

11 

Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage .............................. .. 
Plate Dissipation .................. , ...........................• 
Gdd-No.2 Input ............... , ........ , ...................... . 
TYPICAL OPERATION 
Plate Voltage ............................... . 
Grid-No.2 Voltage ........... ',",.,',.,.,., .. . 
Gl·id-No.1 (Conb'ol-G"id) Voltage ............. . 
Peak AF Grid-No.1 Voltage ................... . 
Zero-Signal Plate Current .................... . 
Maximum.Signal Plate Current ...............• 
Zero·Signal Gdd-No.2 COl'rent ................ . 
Maximum-Signal Grid-No.2 CUl'l'cnt .. ,., .. , ...• 
Plate Resistance (ApPl·OX.) .... ,.,.,', ........ . 
Transconductance ............. , ........ , ...... . 
Load Resistance ........... ' .. ,' ..............• 
Total Harmonic Distortion ............. , ...... . 
Maximum-Signal Power Output ...............• 
CHARACTERISTICS (Triode Connection)& 

180 
180 

-8.5 
8.5 
29 
30 

3 
4 

50000 
3700 
5500 

8 
2 

250 
250 

-12.5 
12.5 

45 
47 

4.5 
7 

60000 
4100 
5000 

8 
4.5 

Plate Voltage ' .. , .... ,.' ............................•.......... 
Grid-No.1 (Control-Gdd) Voltage .. '.' ... , ...................... . 
Amplification Factol' ....................... , ...................• 
Plate Resistance (Appl'ox.) ... ' .. , .................. , ........... . 
Transconductance ............................................ ' ... . 
Plate CUl'l'ent .. , ........... , .......... , .. , .................... . 
Gl·id-No.l Voltage (Appro".) for plate current of 0.5 mA .......• 

.. Grid No.2 connected to plate. 

Push-Pull Class A, Amplifier 
MAXIMUM RATINGS (Same as for class Al amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage ................................•..• 
Grid-No.2 Voltage ... ' ...........................• 
Gl·id-No.1 (Control-Grid) Voltage ...... , .......... . 
Peak AF Grid-No.l-to-Grid-No.1 Voltage ........•. 
Zero-Signal Plate Current .... ' ............... ," .. 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Cnrrent ......... , ........ ,. 
Maximum-Signal Grid-No.2 Current ... , ........ ; •• 
Effective Load Resistance (Plate-to-Plate) •.•••••• 

250 
250 

-16 
30 
70 
79 

5 
13 

10000 

0.7 

9.0 

7.5 

350 
315 

14 
2.2 

315 
225 

-13 
13 
34 
35 

2.2 
6 

80000 
3750 
8500 

12 
5.5 

250 
-12.5 

9.8 
1960 
5000 
49.5 
-36 

285 
285 

-·19 
38 
70 
92 

4 
13.5 
8000 

volts 
ampere 
::.eeonds 

volts 
volt. 

pF 

pF 

pF 

""lts 
volts 

watt. 
watts 

volts 
volts 
volts 
volt. 

rnA 
rnA 
rnA 
mA 

ohms 
J'mhos 

ohms 
per cent 

,"vatte: 

v"lts 
volts 

ohms 
jLmhos 

rnA 
~·"lts 

"4)lts 
volts 
volts 
volts 

rnA 
rnA 
rnA 
rnA 

ohms 
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Total Harmonic. Distortion .......•................ l!)O 31,: Maximum-Signal Power Output .......•............. 
MAXIMUM CIRCUIT VALUES 

per cent 
watts 

Grid.No;l-Circllit Resistance: 
For fiXed-bias 'operation .................................... 0.1 megohm 

megohm For cathode-bias op"ration ................... , . . . . . . . . . . . . . .. 0.5 

Vertica~Deflection Amplifier (Triode Connection)· 
For operation in a 52·S.line, 30·frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............... ' ........... ,' .................... . 
Peak' Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current .......•................................... 
Averave Cathode Current ..................................... . 

850 volts 
1200 volts 

275 volts 
.. 115 mA 

40 mA 
Plate Dissipation ..............................................• 10 watts 
MAXIMUM CIRCUIT VALUE .. 
arid-No.I-Circuit Resistance, for cathode-bias operation ......... . 2.2 megohms 

• arid No.2 connected to plate. 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 millisecond.). 

6V6GT 

f,V7G 

Refer to chart at end of section. 

Refer 'to chart at end of section. 

6W4GT HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as damper tube in television re­
ceivers. Outlines section, 13D; requires octal socket. 
This type may be supplied with pin No.1 omitted. 
Socket terminals 1, 2, 4, and 6 should not be used as 
tie points. This tube, like other power-handling tubes, 
should be adequately ventilated. Power-rectifier opera­
tion of this type is not recommended. 
Heater Voltage (ac) ........................................... . 
Heater Current .................................................... . 
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode and Heater .............................• 
Cathode to Plate and Heater ...............................• 
Heater to Cathode ............ : ..........•.................• 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage (Absolute Maximum)# ............. . 
Peak Plate Current ................ ' ........................... . 
Average Plate Current ............................................ . 
Plate Dissipation .............................................. . 
Heater-Cathode Voltage: 

Peak value ................................... +300 
Average value ................................. +100 

CHARACTERISTICS, Instantaneous Value 

K~/ 
2 7 

IC . H 

I 8 
IC H 

4CG 
6.3 volts 
1.2 amperes 

6 pF 
13 pF 

7 pF 

8850 volts 
750 mA 
125 mA 
3.5 watts 

-2300 volts 
-500 volts 

Tube Voltage Drop for plate current of 250 mA ................ 21 volts 
# Pulile duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6W6GT 
BEAM POWER. TUBE UW~T 

Glass octal type used in' the audio output stage of 
radio and color and black-and-white television re­
ceivers. Triode-connected, it is used as a vertical-de­
flection amplifier in television receivers. Outlines sec­
tion, laD; requires octal socket. This type may be 
supplied with pin No.1 omitted. Type 12W6GT is iden­
tical with type 6W6GT except for heater ratings. 

p~G24 e,GI-

2 7 
H H 

I 8K 
NC G:s 

1AC 



TECHNICAL DATA 

Heater Voltage (ae/dc) ......................... .. 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................•• 
Heater-Cathode Voltage: . 

6W6GT 
6.3 
1.2 

12W6GT 
12.6 

0.6 
11 

Peak value •... : ............................ .. ±200 max i+~oO max -,,00 max 
Average value ...............................• 100 max ±-~~~ '::.':.~ 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Gl'id No.3 ... . 
,Plate to Cathode, Heater, G"id No.2, and Grid No.3 .........• 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Valuesj 
Plate Voltage ........................................... ~ ......• 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
TYPICAL OPERATION . 
Plate Supply Voltage .............................. 110 
Grid-No.2 Supply Voltage .......................... 110 
Grid-No.1 (Control-Grid) Voltage ........ .'......... -7.6 
Cathode-Bias Resistor ............................. . 
Peak AF Grid-No.1 Voltage ...................... . 
Zero-Signal Plate Current ........................ . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current ................ : ..• 
Maximum-Signal Grid-No.2 Current ...............• 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Load Resistance ................................. .. 
Total Harmonic Distortion (App,,,,x.) ............ . 
Maximum-Signal Power Output ................... . 
CHARACTERISTICS (Triode Connection)" 

7.5 
49 
60 
4 

10 
13000 

8000 
2000 

10 
2.1 

Plate Voltage ................................................ l. 
Grid-No.1 Voltage ............................................. . 
Amplification Factor .......................................•.... 
Plate Resistance (Approx.) ...................................• 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid No.1 Voltage (Approx.) for plate curl'ent, of 0.6 mA ......•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................... : .......... : ..• 

• Grid No.2 connected to plate. 

TYPE 6W6GT 

0.8 
15 
9 

330 
165 

12 
1.35 

200 
125 

180 
8.0 
46 
47 

2.2 
8.5 

28000 
8000 
4000 

10 
3.8 

225 
-30 

6.2 
1600 
3800 

22 
-42 

0.1 
0.5 

367 

volts 
ampere 
seconds 

vults 

volts 

pF 
pF 
pF 

volts 
volts 
watt:~ 
'Watts 

vults 
volts 
volts 
ohms 
volts 

mA 
mA 
mA 
rnA 

ohms 
jtmhos 

ohms 
per cent 

watts 

volts 
volts 

ohms 
jtmhos 

mA 
volts 

megohm 
megohm 

TRIODE CONNECTION . 
TYPE 6W6GT I PENTOD£; CONNECTION 
GRID-No. 2 VOLTS-125 J GRID No.2 CONNECTED TO PLATE. 

+5.0 

~ - . +2.~ . 
Ib 

f ~ GRID-NO.1 VOLTS ECI-~ 

/ t-
-2.5 

~ Ib I -S.O 

I~ 
r- -15.0 -7.5 

~ 
Eo-+5 -10.0 

t-" 
-1.5 -_____ -5 

o 100 200 300 400 
PLATE VOLTS 92CS-7942T 

Vertical Deflection Amplifier 
For operation . in a 525-line, 30-frame system 

Triode' 
Conneetion* 

11110 
1200 

MAX,IMUM RATINGS (Design-Maximum Values) 
DC 'Plate Voltage .................. ; ............ .. 
Peak Positiv~Pulse. Plate 'v<1ltage# ... ; ..••••• ; ... _ 

Pentode 
Conneetion 

880 
1600 

800 
92CS-T943T 

volts 
volts 
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DC Grid No.2 (Screen-Grid) Voltage .............• 
Peak Negative-Pulse Grid-No.1 Voltage ......... , .. 
Peak Cathode Current ......... ' ................... . 
Average Cathode Current .................... ' ..... . 
Plate Dissipation .' ... " ...........................• 
Grid-No.2 Input , ........•..•.....•.......... ; ...•• 

MAXIMUM CIRCUIT VALUE 

-275 
195 

65 
8.5 

Grid-No.1-Circuit Resistance, for cathode-bias operation 2.2 

* Grid No.2 connected to plate. 

165 volts 
-275 volts 

195 mA 
65 rnA 
8 watts 

1.2 watts 

2.2 megohms 

# Pulse duration must not ,exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

6W7G Refer to chart at end of section. 

6X4 
llX4 

FULL-WAVE 
VACUUM RECTIFIER 

Miniature type used in power supply of automobile 
and ac-operated radio receivers. Equivalent in perfor­
mance to larger type 6X5QT. Outlines section, 5D; re­
quires miniature 7-contact socket. This tube, like other 
power-handling tubes, should be adequately venti­
lated. For discussion of Rating Chart and Operation 
Characteristics, refer to Interpretation of Tube Data. Type 
tical with type 6X4 except for heater ratings. 

H~H4 SNC 6PD1 

NC 2 7 K 

I 

Heater Voltage (ae/de) ......................... . 
Heater Current .................................•• 
Heater-Cathode Voltage: 

6X4 
6.34 

0.6 

PDz 

SBS 
12X4 is iden-

12X4 
12.6 

0.3 
volts 

ampere 

Peak value ................................... . 
,Average value ......... ; ...................•.. 

+200, -450 max 
100 max 

volts 
volts 

4 When the heater .is operated from a B-cell (nominal-6-volt) 
missible heater-voltage range is from 5 to 8 volts. 

storage-battery source, the per-

FUll-Wave Rectifier 

~~~MI~::eAT~~a~ ~~~!;~-~~~~~~~ .va~~~~~ .................. . 
Steady-State Peak Plate Current (Per Plate) ................... . 
AC Plate Supply Voltage (Per Plate. rms) ..................... . 
DC Output Voltage (At filter input)t .......................... . 
Average Output Current (Each plate)t .. : ...................... . 
Hot-Switching Transient Plate Current ...... , ................... . 

1250 
245 
See 

350 
45 
# 

volts 
mA 

Rating Chart 
volts 

mA 

t This rating applies when the, 6X4 is used, in vibrator operation with a minimum duty cycle 
of 7,5 per cent. ' ' 
# If hot .... witching "is regularly required in operation, the use of choke-input circuits is recom­
mended. Such circuits limit the hot .... witching current to a value no higher than that of the 
peak plate .,current. When capacitor-input circuits are used, a ·maximum peak current value 
per plate of 1.1 amperes during the initial cycle. of the hot .... witching transient should not 
be exceeded. ',' 

TVi>'CAL' OPERATION 

Filter Input , "" 
AC ·Plate Supply Voltage (Each plate, 'rms) •.. 
Filter Input Capacitor, ...................... .. 

. Effective Plate Supply Impedance (Each plate) .. 
Filter Input Chok~, ........... ' ...... ; ......... . 
Average Output Current_, ......... , ..... ~: ... ,_ •. 
De. Output Voltage at. Input to Filter ,(Appro".) 

Bine Wave Operation 
'Capacitor Choke 

325 400 
10 . 

526 

70 
310 

10 
.'1'0 
340 

• AC PI~t~:.8UPPIy.· voltage is ~meaau~dwithout load. 

Vibrator 
Operation 
Capac~tor 

10 

70 
240 

volts 
j£F 

ohms 
henries 

inA 
volts 
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OPERATION CHARACTERISTICS 
FULL WAVE CIRCUIT CAPACITOR INPUT TO FILTER - OPERATION CHARACTERISTICS 

FULL-WAVE CIRCUIT CHOKE INPUT TO FILTER 

700 

600 
c:: 
"' !:; 
-=500 
g 
... 
::> 
~400 
!;( 

~30 
~ 

0 

TYPE 6X4 
E f"= 6.3 VOLTS 
FILTER-INPUT CAPACITOR = 10l'F 
TOTAL EFFECT. PLATE-SUPPLY IMPEDANCE 

{520 OHMS FOR CURVES 1-5 
PER PLATE 400 OHMS FOR CURVES 6-8 
DEi = SEE RAT ING CHART 

~!~ 
2K 

~O ................. 
r-..£' 

~I'--' \. 
o _ • 

5 ~.s ... ~ -""':i"--
;too ~~~ " E 6 -....:3~ 

"'<>SO ................ .:-~~ "\ 
~Or---- -r--\ 

TYPE 6X4 
E+= 6.3 VOLTS SUPPLY FREQUENCY=60CPS 
--CHOKES OF INFINITE INDUCTANCE 
----- CHOKES OF VALUES SHOWN 
- - BOUNDARY LINE FOR CHOKE VAL.UES 

SHOWN 
70 o CBA=SEE RATING CHART 

I--

c:: 
"' 

60 

°l\\ 
!:; '" 
~ o \ \ 

\\ 

ii: 50 

g 
... 
::> 
~40 

!;( 

0 

'" ~300 

, \ 

~\ 
,\ , 
i-!.' 

~ 

- ~F--
o AS SHOWN ::r: lOp. 

~) , ." 
\~'b ''!- " '11 ~ .. ~ '1 7 " 

450 ... 
'!. C 

,'!) I , .'\. 
400 

st~ . ./ 3~0 , , ,,-
- 325 B ~ ~ f-i... 300 

!:; 
Q. 

~20 
o 

~ -r--.....: 
0 8 r-

..... ~ r--r-
~ 
§20 

~ , 
Of) .:.;:-. 

:14> 250 /' ' ..... 
~200 V /' 

g 

10 0 

o 

6S 

'--r-- -
, 

\ 
H 

A 

u 
Q 

10 

..... 1 , 
~ ~50 ~RMS/PER ..... PLATE 

, 
o J.L, ~; ~1"'" :1/, 
.f~ 1/ 

A 
20 40 60 80 100 o 20 40 60 80 100 

DC LOAD MILL.IAMPERES 
92CM-8031TI 

DC LOAD MlLL.IAMPERES 
92CM-80aOTI 

RATING CHART 

TYPE 6X4 

Ef ' 6.~ V°'t~(/MI!M OPERATING VAL/I£S WITH: -b ~c~g~~id .. ro'ltT-r~~WFILTER 
r--- J. B:---

I-~.!. -- ---It c 
I 

I 
I l~D I-Z~ -- --- -. 

I 
I I 

I I 

I I 

IZ7 
I 
3150 G 450 

o 100 200 300 400 500 
At; PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

t2CS-802STZ 

Refer to chart at end' of section. 

FULL-WAVE 
VACUUM RECTIFIER 

6X5 

6XSGT 
Glass octal type used in power supply of automobile 
and. ac-operated receivers. Outlines section, 13D; re­
quires . octal. socket. This type inl,ly be suppUedwith 
pjn: No.1 omitted. For maximum ratings, and typical 
operation, refer to typ~ 6X4. . -.'. .." . ..... , ;, ' ~ , 
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6X8 MEDIUM-MU tRIOD£-;': 
0:1. 1,XI SHARP~CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in television receivers utilizing an intermediate 
frequency in the order of 40 MHz and in AM/FM re­
ceivers. Outlines section. 6B; requires miniature 9-cpn­
tact socket. Types, 5X8 and 19X8 are identical with 
type 6X8 except for heater ratings; , 9AK 

SX8 6X8 19X8 
Heater Voltage (ac/dc) ............ __ ....•• 4.7 6.3 lS.4 volts 
Heater Current ...........................•. 0.6 0.45 0.15 ampere 
Heater Warm-up Time (Average) .........• 11 seconds 
Heater-Cathode Voltage: 

Peak value............................ ±200 max ±200 max ±200 max volts 
Average value .......... '............... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded" 
Triode Unit~, . 

Grid to Plate ... ,............................ pF 
Grid to Cathode and Heater ............ :. '. . . • pF 

1.5 1.5 
2 2.4 

Plate to Cathode and Heater .................• pF 
Pentode Unit: 

0.5 1 

Grid No.1 to Plate .................... ' .. : . . . .• pF 0.09 max 0.06 max 
Grid No.1 to Cathode, Heater, Grid No.2, and 

Grid No.3.................................. pF 4.6 4.8 
Plate to Cathode, Heater, Grid No.2, and ,-

Grid No.3 ...............................•.. pF 
Pentode Grid No.1 to Triode J>late ......•. ': . . . .• pF 

0.9 1.6 
0.05 max 0.04 max 

Pentode Plate to Triode' Plate .................. pF 0.05 max O.OOSmax 
Heater to Cathode .............................. pF 6.5 6.5· 

.. With external shield conneeted to eathode ex'cept as noted • 
• Wilth external shield connected to pentode plate. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

275 Plate Voltage .............................. :...... 275 volts 
volts Grid No.2 (Screen-Grid) Supply Voltage .......... . 

Grid-No.2 Voltage ..............................•. 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ............................ : ..•.. 
Grid-No.2 Input: 

For grid-No.2 voltages up to 137;5 volts ....... . 
For grid-No.2 voltages between 137.5 and 275 volts 

TYPE 6Xe 
TRIODE ,UNIT N o 

!:! 
C\I 

~ 13 25 
'a: 
~ ~20 
0:1 
a: :! 15 
0:1 
-:t.!ii 10 
!::! 

5 

o 

CHARACTERISTICS 
Plate Voltage ........... ____ ... __ ......... __ ..... _ 
Grid No.3 ........ ; ............................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ....... : ..... : .....•............ 
Amplification Fa,etor .; .......................... .. 
Plate Resistance (Approx.) ........................ _ 

. Transconductance .................. " •.•.• .' •.•• ',' __ 

o 
1.7 

275 
See curve' page 96 

o 
2.3 

0.45 
See curve page 96 

volts 
watts 

watt 

TYPE 6Xe 
PENTODE UNIT 
GRID-No. 2 WLTS-150 
GRID-No. 3 VOLTS~O 

"';Il 
Ill/ 
",:, 
Yo 
r 
~ 

If +1'5~ I 
II '-'0.5 J. 

GRID-No.1 WLTS ECI--I.O--

1\*"IC2 I -1.5 ~0.5 =-2:D 
-2.0 j' . 

' .... ~~ --3.0 
~-I.O 

100 200. 300 400 
PLATE VOLTS 92CS-7532T 

125 125 volts 
Connected to cathode at socket 

-1 
40 

6000 
6500 

125 volts 
-1 volt 

300000 
6,500 

ohms 
"mhos 



TECHNICAL DATA 

Plate Current ,,"',',",', .. ,,', ................ . 12 
Grid-No.2 Current ............ , .. , ............. ' ..•• 
Grid-No.1 Voltage (Approx.) for plate current of 

20 itA , ........ , ............... ,., .........••• -7 

HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

371 

9 
2.2 

--6.0 

6X91 
ECF200 

mA 
mA 

volts 

10K 

Miniatul'e type used as if-amplifier tube in television 
receivers. Outlines section 6B, except has lO-pin base; 
requires miniature lO-contact socket. 

Heater Voltage ...................................•.............• 
Heater Current ................................................. . 
Peak Heater-Cathode Voltage ...................................• 
Direct lnterelectrode Capacitances: 

Triode Unit: , 
Plate to All Other Elements (except grid) ....................• 
Grid to All Other Elements (except plate) ...................• 
Plate to Grid ...............................................• 

Pentode Unit: 
Plate to All Other Elements (except grid No.1) ............ .. 
Grid No.1 to All Other Elements (except plate) ............. . 
Grid No.1 to Cathode ...................................... . 
Plate to Grid No.1 ......................................... . 
Grid No.1 to Grid No.2, .................................... .. 

Pentode Grid No.1 to Triode Plate ......................•••.•..• 
Pentode Grid No.1 to Triode Grid ........................•.•... 
Pentode Plate to Triode Plate ................................. . 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

6.3 
0.41 

±150 mal< 

3.0 
2.5 
2.0 

3.5 
6.5 
4.0 

<6.6 
1.8 
15 

<1.2 
<1.6 

volts 
ampere 

volts 

pF 
pF 
pF 

pF 
pF 
pF 
iF 
pF 
iF 
iF 
iF 

Triode Unit Pentode Unit 
Plate Supply Voltage ............................ .. 
Plate Voltage ................................... .. 
Peak Plate Voltage' ............................ .. 
Grid-No.2 (Screen-Grid) Supply.voltage ...........• 
Grid-No.2 Voltage ............ ; ...................• 
Cathode Current ...............................••• 
Plate 'Dissipation ........................... ' ......• 
Grid-No.2 Input .......••.•.........•.............• 
CHARACTERISTICS 
Plate Voltage ....................................• 
Grid-No.3 (Suppressor-Grid) Voltage .............•• 
Grid-No.2 Voltage ................................• 
Grid-No.1 (Control-Grid) Voltage .................• 
Mu Factor, Grid-No.1 to Grid-No.2 ................• 
Amplification Factor .............................• 
Transconductance ... ............................. . 
Plate Current ...........•........................• 
Grid-No.2 Current . ~ .............................. . 
MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance ............•........•• 

550 
250 
600 

18 
1.5 

170 

-1.1) 

55 
4800 

8.5 

550 volts 
250 volts 

volts 
550 volts 
250 volts 

18 mA 
2.1 watts 
0.7 watt 

160 volts 
0 volts 

135 volts 
-1.7 volts 

55 

14000 I'mhos 
13 mA 

I) mA 

megohm 

• With a maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

Refer to chart at end of section. 6YS 

p~G24 SGI 

2 7 
H H 

18K 
NC G3 

7AC 

BEAM POWER TUBE 
6Y6GAI 

6Y6G 
Glass octal type used as output amplifier in radio re­
ceivers and in rf-operated, high-voltage power supplies 
in, television equipment. Outlines section, 19B; requires 
octal socket. 

Heater Voltage (ac/de) .. , .................................... . 6.3 volts 
Heater Current .. ".', ...... ' ..............................•.... 1.25 amperes 
Peak Heater-Cathode Voltage ................................ ,,', ±180 max volts 
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Direct Interelectrode Capacitances (Approx.): " , 
Grid No.1 to Plate ,".' ... , ........................ .': .. " 
Grid No.1 to Cathode. Heater. Grid No.2. an,d Grid No.3 .....• 
Plate to Cathode., Heater. Grid No.2. and Grid No;S .... , ••..•• 

Class A. Amplifier 
MAXIMUM RATINGS (I)esign.Center Values) 
Plate Voltage , .............. ' .............. ' ................ ' .... , •• 
Grid.No.2 (Screen·Grid) Supply Voltage ......................•.•• 
Grid·No.2 Voltage ., ...... ; .................................... . 
Plate Dissipation .........................................•. ' ...• 
Grid.No.2 Input: ' , 

For' grid.No.2 voltages up to 100 volts .........•........•.•• 
For grid.No.2 voltages between 100 and 200 volts ......•....• 

TYPICAL OPERATION ' 
Plate Voltage ..................... ; ............. . 
Grid·No.2 Voltage ...... ".: ...................... . 
Grid.No.l (Control·Grid) Voltage .................• 
Peak AF Grid·No.1 Volt!lge ..................... . 
Zero-Signal Plate Current ........................ . 
Maximum.Signal Plate Current ................... . 
Zero.signal Grid-No.2 Current .. , ................ ,. 
Maximum-Signal Grid-No.2 Current , ... , .. , ... ,.,. 
Plate Resistance (Approx,) ,,", ... ,",.' ..... , ..• 
Transconductance .... , , , . , . , . , ... , .... , .... , .... , . 
Load Resistanee .. , .... , .. , .. , .............. , ..... . 
Total Harmonie Distortion .... ' ............ ', " , , , . 
Maximum-Signal Power Output , .. " ... , .. "." .... 
MAXIMUM CIRCUIT VALUES 
Gl'id-No.I-Circuit Resistance: 

135 
135 

-13.5 
'13.5 

68 
60 

3.5 
11.5 

9300 
7000 
2000 

10 
3.6 

For fixed-bias operation .............................. , ....• 
For cathode-bias operation ..........•.... ,., .. , .... ,., ... , .• 

0.7 
12 

7.5 

200 volts 
200 volts 

See eurve page 96 
12.5 watts 

1.75 watts 
See eurve page 96 

200 volts 
135 volts 

-14 volts 
14 volts 

,61 rnA 
66 rnA 

2.2 mA 
9 rnA 

18300 ohms 
7100 JLn1hos 
2600 ohms 

10 pel' cent 
6 watts 

0,.1 megohm 
0.5 megohm 

6Y7G Refer to chart at end of section. 

6Y9 
llY9 DUAL PENTODE 

Miniature type for use in color and black-and-white 
television receiver applications. Unit No. 1 is used as 
a video output pentode, and unit No. 2 as a sound if 
amplifier, agc amplifier, or sync separator. Outlines 
section, 6L, except has lO-pin base; requires minia­
ture lO-contact socket. Type llY9 is identical with 
type 6Y9 except for heater ratings. 

6Y9 lly'9 
Heater Voltage .. , ................................ . 6.3 11 
Heater Current : ................... , .............. . 0.8 0.45 
Peak Heater-Cathode Voltage ......•..............• 
Dil'ect Interelectrode Capacitances: 

±200 max ±200 max 

Unit No.1: 
Plate to All Other Elements (except grid No.1) ............. . 
Grid No.1 to All Other Elements (except plate) ............. . 
Plate to Grid No.1 .......................................... . 

Unit No.2: 
Plate to All Other Elements (except grid No.1) ..........•.•• 
Grid No.1 to All Other Elements (except plate) ....... , ....••• 
Plate to Grid No.1 ............................... ,., .. , •.••• 
Grid No.1 to Heatel' ............................... : ...... .. 

Plate to Plate ....... , ...............................•..•... ; .• 
Grid to Grid .; .........................................•...•.• 
Plate (Unit No.1) to Grid No.1 (Unit No.2) .............•..•. ;. 
Plate (Unit No.2), to Grid No.1 (Unit No.2) ..........•....••••• 

Class A1 Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 

Plate Supply Voltage ............................ .. 
Plate Voltage' ...•.................................. 
Grid-No.2 (Screen-Grid) Supply Voltage .....•.•.... 
Grid-No.2 Voltage ................................ . 
Cathode Current ................................. . 
Plate Dissipation ............................ , .... . 
Grid-No.2 Input ............................... ""., 

Unit No.1 
550 
250 
660 
260 

60 
5.0 
2.5 

7 
12 
96 

11 
10 

140 
<100 
<160 
<10 

<100 
<5 

Unit No.2 
660 
250 
550 
250 

15 
1.5 
0.5 

10L 

volts 
ampere 

volts 

pF 
pF 
iF 

pF 
pF 
fF 
iF 
iF 
iF 
fF 
iF 

volts 
volts 
volts 
volts 

rnA 
watts 
watts 



TECHNICAL DATA 

CHARACTERISTICS 
Plate Voltage ...................................... . 
Gri~-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Volta~e: .....•.... ' .......•• 
Mu Factor, Grid-No.1 to Grid-No .. 2· .....•..........• ,. 
Internal Resistance .......... '," ................. _ ... 
Transconductance ...... . ~ .... ~ .. ' .................................. . 
Plate Current ................................. ; ... 
Grid-No.2 Current ................................. . 
MAXIMUM CIRCUIT VALUES 
Gdd-No.I-Circuit Resistance ...................•••• 

Refer to chart at end of section. 
Refer to chart at end of section. 

170 
170 

-2.6 
38 
40 

21000 
30 

6.5 

1 

PENTODE­
BEAM POWER TUBE 

150 
150 

-2.3 
35 

160 
8500 

10 
3.0 

373 

volts 
volts 
volts 

kohms 
/Lmhos 

rnA 
rnA 

1 megohm 

6Z5 
6Z7G 

6Z10 

12BT 

Duodecar type used as a combined limiter, discrimi­
nator, and audio power-output tube in FM radio and 
television receivers. Outlines section, 8C; requires 
duodecar 12-contact socket. 

Heater Voltage (ac/dc) ...................................... .. 
Rea ter Cu rrent ............................................................................... .. 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average valuE" ...................................................................................... .. 

Direct Intel'electrode Capacitances: 
Pentode Unit: 

Gdd No.1 to .Grid No.3 ................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Gl'id No.3, Plate, 

and Internal Shield .' ............. , ... , ..... , ......... ,'. 
Grid No,3 to Cathode, Heatel', Grid No.1, Grid No.2, Plate, 

and Internal Shield ,.,', ................................• 
Beam Power Unit: 

Grid No.1 to Plate .................... , ..................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Pentode Unit As Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage.................................. 135 135 
Grid-No.3 (Suppressor-Grid) Voltage ............ 4 4 
Grid-No.2 (Screen-Grid) Supply Voltage .......• 280 
Grid-No.2 Voltage ............................. 75 
Grid No.1 (Control-Grid) Voltage ............. 0 0 
Grid-No.2 Resistor ............................• 33 
Plate Resistance .............................•• 
Transconductance, Grid No.1 to Plate ..........• 
Transconductance~ Grid No.3 to Plate .......... . 
Average Plate Current ........................• 5 
Grid-No.2 Current .............. ;.............. 4.5 
Grid No.1 Voltage (Approx.) for plate current· of 

20 p.A ....................................... . 
Grid No.3 Voltage (Appt·ox.) for plate current of 

20 pA ............................•.....•..•.•. 

Beam Power Unit as Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............................................•.•...• 
Grid-No.2 (Screen-Grid) Voltage ...........................•..... 
Plate Dissipation ............................................... . 
Grid-No.2 Input ............................................... .. 
TYPICAL OPERATION . 
Plate Voltage ................................................. .. 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ......... ~ ............. : ............. . 
Zero-Signal Plate Curl'ent ..................................... .. 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Plate Resistance (AppI·ox.) .....................................• 
Transconductance .......................................... .' .. .. 

6.3 volts 
0.95 ampere 

±200 max volts 
100 max volts 

0.009 pF 

4.4 pF 

3.2 pF 

0.22 pF 
11 pF 

7.5 pF 

135 volts 
, 4 volts 
280 volts 

volts 
0 volts 

33 kohms 
megohms 

360 p.mhos 
700 /Lmhos 

rnA 
rnA 

-4 volts 

-4 volts 

271) volts 
275 volts 

10 watts 
2 watts 

250 volts 
250 volts 
-8 volts 

8 volts 
30 rnA 
39 rnA 

3 mA 
13 rnA 

0.1 megohm 
6500 /Lmh08 
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Load Resistance ..••.••••••••• ; ............. : •.•••••••• ';' ........ . 
,Total Harmonie Distortion .................... ' ...... ; ........... . 
Maximum-Signal. Power Output . ' ............................... .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Cireuit Resistance: 

For fixed.bias operation .................................... . 
For catbode-biBB operation •.•.•••..•................•.•.. , •..• 

Pentode Unit as Limiter and Discriminator 

5000 
8.5 
4.2 

0.25 
0.6 

ohms 
per cent 

watts 

megohm 
megohm 

MAXIMUM RATINGS (Design-Maximum Values) , 
Plate Supply Voltage ........................... ;................ 330 volts 
Grid-No.2 Voltage ......•.....•. :...... ..••...•.•.....•.•..•.•..•• 330 volts 
Grid-No.1 Voltage, Peak positive value.......................... 60 volts 
Average Catbode Current........................................ 13 rnA 

6ZY5G Refer to chart at end of section. 

7A4 

7A5 

7A6 

7A7 

7A8 

7AD7 
7AF7 
7AG7 
7AH7 

7AU7 
784 

785 
786 
787 
788 

7C5 
7C6 

7C7 

7E6 

7E7 

7EY6 

7F7 

7F8 

7G7 

7H7 

7HG8 
7HG8/PCF86 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12AU7A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Ref~r to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6HG8. 
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Refer to chart at end of sectian. 7J7 
Refer to chart at end of section. 7K7 
Refer to chart at end of section. 7L7 
Refer ,to chart at end of section. 7N7 
Refer to chart at end of section. 7Q7 
Refer to chart at end of section. 7R7 
Refer to chart at end of section. 751 
Refer to chart at end of section. 7V7 
Refer to chart at end of section. 7W7 
Refer to chart at end of section. 7X7 
Refer to chart at end of section. 7Y4 
Refer to chart at end of section. 7Z4 

Refer to type 6ARll. SARlI 
Refer to type 6A USA. SAUS 
Refer to type 6A WSA. SAW8A 

Refer to type 6B10. 8B10 
Refer to type 6BASA. 8BA8A 
Refer to type 6BAll. SBA11 

Refer to type 6BHS. 8BH8 

DUAL PENTODE 8BMll 
Duodecar type used as if amplifier in television re­
ceivers. Unit No.1 is a semiremote-cutoff pentode, and 
unit No.2 is a sharp-cutoff pentode. Outlines section, 
SB; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), S.4; amperes, 0.45; maximum heater-cathode 

12FU volts, ±200 peak, 100 average. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum ValueS) 

Plate Voltage .................................... . 
Gr~d-No.3 (Suppresso:-Gridl Voltage .............. . 
Grtd-No.2 (Screen-Gnd) Vo tage .........•.....•.... 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input ................................... . 
CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid No.3 ..........•..••...........••.....•.•..••• 
Grid-No.2 Voltage ....••••..•..........•........•.•• 
Cathode-Bias Resistor ............................ .. 
Plate Resistance (Approx.) ....... : .............. .. 
Transconductance .................................• 
Plate Current ............ , ....... : .............. ' .. . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p,A •••••••••••.••••••••••••••••••••••••••••••• 
Grid-No.1 Voltage (Approx.) for transconductance of 

60 p,mho ....................................... .. 
MAXIMUM CIRCUIT VALUES 
Gt·id-No.I-Circuit Resistance, for cathode-bias 

operation ..................................... " 

Unit No.1 
160 

o 
160 

o 
2.2 

0.65 

Unit No.2 
160 

o 
160 

o 
2.2 

0.55 

volts 
volts 
volts 
volts 

watts 
watt 

125 125 volts 
Connected to cathode at socket 

125 125 volts 
66 120 ohms 

220000 300000 ohms 
8800 8500 p,mhos 

14 9.0 mA 
3.6 2.6 mA 

-5.6 

-16.6 

1.0 0.25 

volts 

volts 

megohm 



376 RCA RECEIVING TUBE MANUAL 

SBNS> 
SBQ5 ' 

Refer to type 6BN8. 
Refer to type 6BQ5. 

8BQll' 
11BQll 

SEMIREMOTE-CUTOFF 
DUAL PENTODE 

Duodecar type used as intermediate-frequency ampli­
fier in television receivers. Outlines section, 8B; re,~ 
quires duodecar 12-contact socket. Type llBQl1 is 
identical with type SBQl1 except for heater ratings. 

Heatel' Voltage (ae/de) ........................... . 
Heater Current ....... , ........................... . 
Heater Warm-up Time ,(Average) ...............•.• 
Heater-Cathode Voltage: 

Peak value ...................................• 
Average value ................... ' .............• 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ........... , ...............• 
Grid No.1 to Cathode, ,Heater, Grid No.2, 

Gr,id No.3, and Internal Shield ....... ' ....... , . 
Plate to Cathode. Heater, Grid No.2, Grid No.3, 

and Internal Shield .............. ',;', ........ .. 
Grid No.1 to Cathode, Heater, Grid No.2,: '" 

Grid No.3, Grid No.3 of Unit No.1; and 
Internal' Shield ...... ' .•...................... 

8BQU' 
8.4 
0.6 
11 

llBQl1 
11.2 
0.45 

11 

±200 max ±200 max 
100 max 100 max 

Uni,t No.1 Unit No.2 

0.022 0.024 

10 

2.8 

11 
Plate to Cathode. Heater, Grid No.2, Gl'id No.3, 

Grid No;S of Unit No.1, ,and Internal Shield . 2.8 
Plate of Unit No.1 to l'late -of Unit No.2 ............... , ..... 0.015 
Grid No.1 of Unit NO.1 to Plate of Unit No.2 •........•.. ~ ... 0.002 
Grid No.1 of Unit No.2 to 'Plate of Unit No.1 ................ 0.008 ' 
Grid No.1'of Unit No.1 to Grid No.1 of Vnit No.2 ............ 0.002 ;:, 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) , 
Plate Voltage ..... " ........ '" .................... . 
Grid.No.3 ,(Suppr4!SSoi.Grid) 'Voltage ..............• 

g~t~~:~!9~=-C.~~~. ~~~l!. .:~~~~~ ... : .... '.:'.:'. ~'.: 
Grid.No.1 (Control·Grid) Voltage, ,Positive-bias value 
Plate Dissipation ................................. :. 
Grid-No.2 Input! . 

For grid-No.2 voltages UP to 166 volts .........• 
For grid.No.2 voltages between 165 arM! 330 volts 

CHARACTERISTICS ," 

Unit No.1 Unit No.2 

330 380 
o 0, 

3S0 330 
See eU""e page 96 

o 0 
a.1 3.1 

0.65 0.65 see eUl'Ve page 96 

volt. 
a,mpere 
seconds 

volts 
volts 

pF 

J.F 

pF 

pF 

pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 

volts 
watts 
watt 

Plate SUJ)Piy Voltage ............................ .. 125 125 volts 
Grid No.3 ......................................... . 
Grid~No.2 Voltage _ ................................ . 
Cathode-,Bias Resistor ............................•• 
Plate Resistance (Approx.) ....................... . 
Transconductance .... ; ............................ .. 
Plate Current ................................... .. 
Grid~No.2 Current .. _ ............................ .. 
Grid-No.1 Voltage (Approx.) ,for plate cunent 

of20"A ...................................... .. 
Grid-No.1 Voltage (Approx.) for transconductanee 

of 50 "mho _ .................................. " 
MAXIMUM CIR,CUIT VALUES 
Grid-No.1-Circuit Resistance, for cathode-bias 

operation .......... ~ ............................. , 

Connected to cathode "t socket' 
125 125 volts 
56 56 ohms 

, 0.2 0.2 megohm 
10500 13000 "mhos ' 

11 11 mA 
3.5 3.8 mA 

~15 

1.0 

-3 

0.25 

volts 

volts ' 

8BUll MEDIUM-MU TWIN TRIOD,E­
SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. 
Outlines section, SC; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 7.S; amperes, 0.6; warm­
up time, 11 seconds, maximum heater-cathode volts, 
±200 peak, 100 average. 
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Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

377 

Each 
Pentode Unit Triode Unit 

Plate Voltage ..................................... . 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 330 volts 
Grid-No.2 Voltage ................................. . See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value " 0 0 volts 
Plate Dissipation ................................. . 2.5 1.8 watts 
G,·id-No.2 Input: , 

0.55 watt For g,·id-No.2 voltages up to 165J volts ......... . 
For grid-No.2 voltages between 65 and 330 volts See curve page 96 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Voltage ................................• 
Grid-No.1 Voltage ................................• 
Cathode-Bias Resistor ............................. . 
Amplification Fador .............................• 
Plate . nee (Appl'ox.) ....................... . 
Tran~ nee ................................ .. 
Plate' .................................... . 
Grid-No.2·o'Current .............................. .. 
Grid Voltage (Appl'Ox.) for plate current of 100 /LA 
Grid-No.1 Voltage (ApPl'Ox.) for plate current"" 

of 30 /LA .• , .............................. : ... .- .. . 
MAXIMUM CIRCUIT VALUES 
Gl·id-No.I-Clrcuit Resistance: 

For fixed"bias operation ....................... . 
For cathode-bills operation ................... . 

Refer to type 6FQ7/6CG7. 
Refer to type 6CM7. 
Refer to type 6CN7. 
Refer to type 6CS7. 
Refer to type 6CW5. 
Refer to type 6CX8. 
Refer to type 6EB8. 
Refer to type 6EM5. 
Refer to type 6ET7. 

Ref,er to ch~t at end of section. 
Refer to type 6FQ7/6CG7. 

Refer to type 6GJ7. 
Refer to type 6GN8. 
R,efer to type 6JV8. 
Refer to type 6KA8. 
Refer to type 6LC8. 
Refer to type 6LT8. 

125 
125 

-1.0 

, 200000 
7500 

12 
4.0 

-8 

0.5 
1.0 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

125 volts 
volts 
v'olts 

68 ohms 
43 

50000 ohms 
8600 ttmhos 
13.5 rnA 

mA 
-8 volts 

volts 

0.5 megohm 
1.0 megohm 

SC~7 
SCM7 
SCN7 
SCS7 
SCWS 
SCXS 
BEBS' 
8EMS 
SEY7 
8F~7 

SFQ7/jlCG7 
8GJ7 
BPNS 
SJVS 
BKAS 
SlCS 
SlTa 

9AS 
9AS/ 
PCFSO 

Miniature types used as combined oscillator and'tnixer 
9AE ' tubes in vhf color and black-and-white television re-

ceivers. Outlines section, 6B; require miniature 9-contact socket. Heater: 
volts (ac/dc), 9; amperes, 0.3; maximum heater-cathode volts, +100, -200 
peak; -120 average. 
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Class At Amplifier 
MAXIMUM RATINGS (Design-Center Values) Triode Unit 
Plate Supply Voltage ............................. 550 
Plate Voltage ...................................•• 250 
Grid-No.2' (Screen-Grid) Voltage ..................• 
Cathode Current ....... : ................... ,. . • . . • • 14 
Plate Dissipation .................................• 1.5 
Grid-No.2 ~nput ......•..•....................•..• 
CHARACTERISTICS 
Plate Voltage .................................•••• 100 
Grid-No.2 Voltage .......................... , ..... . 
Grid-No.1 Voltage ...............................•. -2 
Amplification Factor .............................• 20 
Plate Resistance (Approx.) .................•...... 
Transconductance ..... ; . . . .. . . . .. . . . . . . . . . .. • .. .. • 5000 
Plate Current ............................... . . .. .. 14 
Grid-No.2 Current .............................•.•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ............. . . . . . . • • • 0.5 
For catho~e-bias operation ...... • . . . . . . . . . . . . . 0.5 

• Grid No.2 to Grid No.1. 

Pentode Unit 
550 
250 
175 

14 
1.7 
0.5 

170 
170 
-2 

47· 
0.4 

6200 
10 

2.8 

0.5 
1 

volts 
volts 
volts 
mA 

watts 
watt 

volts 
volts 
volts 

megohm 
I'mh09 

"mA 
mA 

mel<ohm 
megohm 

9AU7 Refer to type 12AU7A. 

9BJll BEAM POWER TUBE­
SHARP-CUTOFF PENTODE 

Duodecar type used in two-stage video-if-amplifier in 
television receivers. Pentode unit is used as the input 
stage and beam power unIt as the output stage. Out­
lines section, 8B; requires duodecar 12-contact socket. 
Heater Voltage (ac/dc) ....................................... .. 
Heater Current ....... ' .......................................... .. 
Heater Wann-up Time (Average) ........ : ............ ' ......... .. 
Heater-Cathode Voltage: ' 

Peak value ......••...•.............•........••.......•.....• 
'Average value ............................................. .. 

Direct Interelectrode Capacitances: 
Pentode Unit: 

Grid No.1 to Plate .. ; ....................................... . 
Grid' No.1 to Cathode, Heater, Grid No.2, Grid No.3, Grid No.3 

of Beam Power Unit, and Internal Shield ................. . 
Plate to Cathode, Heater, Grid No.2, Grid No.S, Grid No.3 

of Beam Power Unit, and Internal Shield •......•••..•..••• 
Beam Power Unit: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Hell-ter, Grid No.2; Grid No.3, 

and lnternal Shield •.. ' ................................... .. 
Plate 'to Cathode. Heater, Grid No.2, Grid No.3, 

and Internal Shield ...................................... . 
Class At Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............................... ; .... . 
Grid-No.3 (Suppressor-Grid) Voltage: 

Positive-bias value .................. ; ......... . 
Negative-bias value ......•.... ; .....•.........• 

Grid-No.2 (Screen-Grid) Voltage ..................• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ .. 
Grid-No.2 Input .................................. . 
CHARACTERISTICS 

Pentode 
Unit 
160 

10 
-50 

160 
o 

2.8 
1.25 

9.6 
0.45 

11 

12FU 

±200max 
100 max 

O.OOS 

9.5 

3.4 

0.016 

8.5 

3.0 

Beam 
Power Unit 

160 

o 
160 

o 
2.2 

0.55 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF' 

pF 

pF 

volts 

volts 
volts 
v/llts 
volts 

watts 
watts 

Plate Supply Voltage ............................. . 110 125 volts 
Grid No.3 .. ' ..................................... . 
Grid-No.2 Voltage ................................. . 
Grid-No.1 Resistor ............................... . 
Cathode-Bias Resistor ............. ; ............... . 
Plate Resistance (Approx.) .. ~ .................... . 
Transconductance " ............................. .. 
Plate Current ................................... .. 
Grid-No.2 Input ................................. .. 
Grid-No,l Voltage (Approx.) for plate current 

of 20 p.A ................. ,.; .............. 0 ••••• 

Connected to cathode at socket 
no 126 volts 
0.1 megohm 

40000 
7500 

5.8 
6.S 

-3 

120 ohms 
40000 ohms 

9600 p.mhos 
8.5 "mA 
2.5 mA 

-4.1> voltS 
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MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance .......... 1 ............. ~ .... .. 
Grid-No.8-Circuit Resistance ......•.......•...••••• 

H 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to t:vpe 6EA8. 

Refer to type 6GVS. 

itt 
,1.0 

SijARP-CUTOFF PENTODE 

9BR7 

9CL8 

9EA8 

9GV8 

379 

megohm 
megohm 

9KC6 

GI 

Miniature type used as chroma bandpass amplifier, 
color demodulator, or video amplifier in color tele­
vision receivers. Outlines l!Iection, 6E; requires minia­
ture 9-contact socket. Heater: volts, 8.7; amperes, 0.45; 
warm-up time, 11 seconds; maximum heater-cathode 
voltage, ±200 peak, 100 average. ' 9RF 

Class Al Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .......•.............. ; ........................... .. 
Grid-No.2 (Screen-Grid) Supply Voltage .......................... . 
Grid-No.2 Voltage ............................................. .. 
Grid-No.3 (Suppressor-Grid) Voltage: 

Positive-bias value .......................................... . 
Negative-bias value ...............•...................•. ; ••• 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value •..........•• 
'Plate Dissipation ................. -.•....•...........••..•.• ,; .••• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .......... ' ...•..•.... ; ' .. 
For grid-No.2 voltages between 165 and 330 volts .....••••••••• 

CHARACTERISTICS 
Plate Supply Voltage ........................ .. 
Grid-No.2 Voltage ............................. . 
Grid-No.1 Voltage ............................. . 
Grid-No.3 Voltage (referred to negative end of 

cathode) ................................... .. 
Cathode-Bias Resistor ......................... . 
Plate Current ................................ .. 
Grid-No.2 Current ....................•....•.•• 
Transconductance : 

Grid No.1 to plate ........................ . 
Grid No.3 to plate ........................• 

Plate Resistance (Approx.) ....................• 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA •.•••.•.•.•.•.•.•..•.•••••••••••••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

250 
150 

o 
o 

56 
18 
9 

24000 
500 

55000 

-4.1 

250 
100 

-1.0 

-25 
o 

1.0 
13.0 

For fixed-bias operation ................................... .. 
For cathode-bias operation .........................•.•.•.•••• 

Grid-No.8-Circuit Resistance ................................. ' .. '" 

Refer to type 6KZ8. 
Refer to type 6USA. 

Refer to chart at end of section. 
Refel' to type 6AL11. 

Refer to chart at end of section. 
Refer to type 6CW5. 
Refer to type 6DE7. 
Refer to type 6DR7. 

Refer to type 6DXS. 

400 volts 
330 volts 

See curve page 96 

o volts 
-100 volts 

, 0 volts 
7.0 watts 

1.5 . watts 
See curve page 96 

50 volts 
100 volts 

0 volts 

volts 
-'- obms 
25 mA 
25 mA 

/Lmbos 
/Lmhos 

ohms 

volts 

0.25 
0.5 
1.0 

megohm 
megohm 
megohm 

9KZ8 
9U8A 

10 
10ALll 

10C8 
10CW5 
10DE7 
10DR7 
10DX8 

JODX8/LCL84 
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lOEG7 DUAL TRIODE 

Glass octal~ri>El. llJ!led as e6in.biried vertical~deflection 
oscillator andvert~al~efleetion amplifier in tele­
vision receiyers~ Outlines; se-etion, l3B; requires octal 
socket. Heat~r=;V(jlts. ~@fdc~,9~7; amperes, 0.6; warm­
up time (av~ge), 11~ aecl:lllds; maxim.um heater-cath­
ode volts,±iOO 'pe~K; .. lotI average., For maximum'rat­
ings andcharacterlsties, :refer to type6EW7. 

lOEM7 Refer to type 6EM7. 

10GF7 Refer to type 6GF7A. 10GF7A 

10GK6 Refer to type 6GK6. 

lOGN8 Refer to type 6GN8. 

10HF8 Refer to type 6HF8. 

lOJA8 HIGH-MU TRIODE-
SHARP-CUTOFF TETRODE 

Miniature type used iIi coior and black-and-white tele­
vision receiver applications. The triode unit is used as 
a sync separator, sync clipper, and phase inverter; the 
tetrode unit is used as a video amplifier. Outlines sec­
tion, 6E; require~ miniature 9-contact socket. 
Heater Voltage (aclde) ....................................... . 
'Heater CUrl'ent ................................................. . 
Heater Warm-up Time ......................................... . 
Heater-Cathode Voltage: . 

Peak value ................................................ . 
Average value .............. , .............................. . 

Dil'ect Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................................... . 
Grid to Cathode, Pentode Cathode, Heater, Pentode Grid No:3. 

and Internal Shield .....•................................. 
Plate to Cathode, Pentode Cathode, Heater, Pentode Grid No.3, 

and Internal Shield ...................................... . 
Pentode Unit: 

Grid No.1 to Plate ................ ,. ...................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .............. " ............................• 
Plate to Cllthode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 
Grid No.1 to Triode Plate ..... ; ............................... . 
Plate to Triode Grid ........................................ . 
Plate to Triode Plate ...................................... . 

Class At Amplifier 

H 

10.5 volt. 
0.45 ampere 

11 seconds 

±200 .max volts 
100 max volts 

4.0' pF 

2.6 pF 

2.6 pF 

0.1 max pF 

11 .pF 

4.4 pF 
0.005 max pF 
0.018 max pF 

0.17 max pF 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage ...... :.............................. 300 

Tetrode Unit 
330 volts 

vo1ts Grid-No.2 (Screen-Grid) Supply Voltage .......... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation ............. , ................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volt. 

CHARACTERISTICS Triode Unit 
Plate Voltage .............•.. 135 200 
Grid-No.2 Voltage ........... . 
Grid-No.1 V~ltage .......... ~. 
Amplification Factor ......... . 
Plate Resistance ............•• 
Tt'ansconductance ........• ,. •• 

-2 
60 

28000 
2600 

-2 
70 

17000 
4000 

30 
135 

o 

330 

o 
1 

See curve page 96 
o 
5. 

1.5 
See curve page 96 

Tetrode Unit 
135 200 

135 
-1.5 

131i 
-1.5 

6600 
12600 

7000 
14000 

volts 
watts 

watt. 

volts 
volts 
volts 

ohms 
j.tmhos 
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Plate Current ................ 2 .. 82- 17 18 mA 
Grid-No.2 Current .... ,....... 14' 4.2 4 inA 
Grid-No.1 Voltage (Approx.) 

for plate current of '10}LA -4.8 -7 -5 -5 volts 
MAXIMUM CIRCUIT VALUES. 
Grid-No.1-Circuit Resistauce: Triode. Unit Tetrode Unit 

For fixed-bias operation ....................... '0.5 0;25 n1egohm 
For eathode-.bias operation .................... 1 1 megohm 

• This value can be measured by a method involving a recurrent wavefol'ln such that the 
maximum ratings of the tube will not be exceeded. 

R.efer to type 6JT8. 

MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

lOJTB 

lOJY8 

90X 

Miniature type used in television .receiver applications. 
The pentode unit is used as a video amplifier, and the 
triode unit as a sync separator. Outlines section, 6E; 
requires miniature 9-contact socket. Heater: volts 
(ac/dc), 10.5; amperes, 0.45; warm-up time (average), 
11 seconds; maximum heatel'-cathode volts, ±200 peak, 
100 average (-300 peak, -200 average for triode 
unit). 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 'Triode Unit Pentode Unit 

330 Plate Voltage .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . • 330 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation .................................• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ...............................• 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ........ , ................... . 
Amplification Factor .............................• 
Plate Resistance (Approx.) .......................• 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ...............................• 
Grid Voltage fApprox.) for plate CUl'J'ent of 10 "A 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Cil'cuit Resistance: 

o 
2 

125 

68 
46 

4400 
10400 

15 

-8 

330 
See curve page 96 

o 
5 

1.1 
See CUlove page 96 

50 200 
150 150 

0 
100 

55000 
11000 

60- U 
18- 4.8 

-10 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohm~ 

ohms 
"mhos 

rnA 
rnA 

volts 

For fixed-bias operation ...................... 0.5 0.25 megohm 
For cathode-bias operation .................... 1 1 megohm 

- This value can be measured by a method involving a recunent wavefOl'm such that the 
maximum mtings of the tube will not be exceeded. 

90X 

Refer to type 6KR8. 

R.efer to type 6KU8. 

Refer to type 6LE8. 

HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

10KR8 

10KU8 

lOLE8 

lOLW8 
Miniatul'e type used in television receivers applica­
tions. The pentode unit is used as a video amplifier, 
and the triode unit for general-purpose use. Outlines 
section, 6E; l'equires miniature 9-contact socket. 
Heater: volts (ac/dc), 10.5; amperes, 0.45; average 
wal'm-up time, 11 seconds; maximum heater-cathode 
volts, ±200 peak, 100 average. 
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Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum, Values) 

Triode -Unit Pentode Unit 
Plate Voltage .................................... . 330 330 

330 Grid-No.2 (Screen-Grid) Supply Voltage •.. : .......• 
Grid-No.2 ,Voltage .............. ; ................ .. See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate 'Dissipation ...... ~ •.. : .....•..... , .......... . 

0 0 
1.5 4.0 

Grid-No.2 Input: ' 
1.5 For grJd-No.2 voltages up to 165 volts .........• 

For grid-No.2 voltages between 165 and '330 volts 
CHARACTERISTICS 

See eurve page 96 

Plate Supply Voltage ............................ .. 200 35 200 
Grid-No.2 Supply Voltage .... ' ..................... . 
Grid-No.1, Voltage .......................... ' .. ; ... . 

100 100 
-2.0 0 

Cathode-Bias Resistor .... ;. .....•...•....... ; .....• 82 
Amplification Factor ....•.......................... , 75 
Plate Resistance (Approx.) ............... , ........ . 18700 60000 
Transconductance .......................... " ....... . 4000 19000 
Plate Current .•................................... 2.6 48 16.5 
Grid-No.2 Current ................................ . 12.5 2.8 

-4 Grid Voltage (Approx.) for plate current of 30 pA 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 pA ..................................... . -5.5 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias operation ...................•. 

O.S 
1.0 

10LZ8 HIGH-MU TRIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in television receiver applications. 
The pentode unit is used as a video amplifier, and the 
triode unit for general-purpose use. Outlines section, 
6E; requires miniature 9~contact socket. Heater ~ volts 
(ac/dc); 10.5; amperes, 0.45;, warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 
average. 

MAXIMUM 
Class Ai Amplifier 

RATINGS (Design-Maximum Values) 
Triode 

0.5 
1.0 

Unit Pentode Unit 
Plate Voltage ..................... .. 
Grid-No.2 (Screen-Grid) Voltage .....• 
Grid-No.1 (Control-Grid) Voltage. 

Positive-bias value ................ .. 
Plate Dissipation .................. .. 
Grid-No.2 Input .....••.•.• ' ........ .. 
CHARACTERISTICS 
Plate Supply Voltage ............... . 
Grid-No.2 Supply Voltage ...........• 
Grid-No.1 Voltage ........•.........• 
Amplification Factor •...•..........• 
Plate Resistance (Approx.) ......... . 
Transconductance .................. .. 
Plate Current ...................... . 
Gt'id-No.2 Current ,'" ' ..............•• 
Grid Voltage (Approx.) for plate 

current of, 10 /LA ................ . 
Grid-No.1 Voltage (Approx.) for plate 

current of 500 /LA ............... ~. 
MAXIMUM CIRCUIT VALUES ' 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ........ . 
For cathode-bias operation 

300 

0 
1.0 

250 

-2.0 
110 

52000 
2100 

1.1 

-3.6 

0.0 
1.0 

225 
160 

.0 
4.5 
2.0 

30 30 200 
140 140 140 

0 -1.0 ~2.0 

150000 
11000 9500 

30 16 12 
13.5 9.5 2.5 

-4 -4.2 

0.5 
1.0 

BDX 

11 
llARll 
llBQl1 

llCY7 

Refer to chart at end of section. 

Refer to type 6ARll. 

Refer to type 8BQll. 

Refer t~ type 6CY7. 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
rnA 

volts 

volts 

megohm 
megohm 

volts 
volts 

volts 
watts 
watts 

volts 
volts 
volts 

ohms 
/Lmhos 

mA 
mA 

volts 

volts 

megohm 
megohm 
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SHARP-CUTOFF PENTODE llHM7 

9BF 

Miniature type used as video output amplifier in color 
television receivers. Outlines section, 6E; requires 
miniature 9-contact socket. 

Heater Al'l"angement .........•...............••.•• Series 
11.0 

0.3 

Parallel 
Heater Voltage (ae/dc) •................. ; .....•.•• 
Heater CUl'rent ..............................•...•• 
Heater-Cathode Voltage: 

Peak 'value ..............................••.......•.......•.. , 
Average value ............................................. .. 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Gdd No.1 to Cat40de, Heater, Grid No.2, Grid No.3, 

and Internal Shield .............. ; ........ ; ................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ...................................... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .............................. ; .................. .. 
Grid-No.2 (Screen-Grid) Supply Voltage .......................... . 
Grid-No.2 Voltage .............................•...............• , 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............• 
Plate Dissipation ............................................... _ 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ...................... .. 
For grid-No.2 voltages between 165 and 330 volts •........•.•• 

CHARACTERISTICS 
Plate Supply Voltage ........................................... _ 
Gi·id-No.3 Voltage .......... , ....•............•...........•.....•. 
Grid-No.2 Voltage ............................................ ; .. 
Cathode-Bias Resistor ........••......•.......••.•........•.••.•• 
Plate Resistance (Approx.) ................. , ................... . 
Transcon!luctanee .............................................. . 
Plate Current ..................••............•....... ; ......•...• 
Grid-No.2 Current ........................•.....•.........•..••. 
Gdd-No.1 Voltage (Approx.) for plate current of 100 /LA •••••••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..•.•..•................•.........••• 
For cathode-bias operation •.............•................•. , 

lUES 

llKVS 

D 

D 

( 

D 

TYPE IIHM7 
GRID-No.2 VOLTS =135 

J .1.,,_ ~ ~ 
r td V-~ i 

....-~ - DLTS Eb,=-I,5 

~ ~ ~ -2 

~_I-_LECj'O __ -2.5 
-"'''1 -::.:~--- -- . -3 

100 200 .300 .400 .500 60D 
PLATE VOLTS 

92CS-13833T 

Refer to type. 6JE8. 

Refer. to type6KV8. 

6.50 volts 
0.6 ampel'e 

±200max volts 
100 max volts 

0.15 max pF 

14 pF 

I) pF 

330 volts 
330 volts 

See curve page 96 
o volts 
7 watts 

1 watt 
See curve page 96 

200 volts 
0 volts 

135 volts 
. 47 ohms 

40000 ohms 
30000 /Lmhos 

30 mA 
5.2 mA 

-4.5 volts 

0.1 megohm 
0.25 megohm 
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llLQ8 MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTOD~ 

Miniature' type with frame-grid. pentode used in black­
and-white television receivers. The triod·e unit is used 
in general-purpose voltage-amplifier circuits. The pen­
tode unit is used in video-output circuits. Outlines 
section, 6E; requires miniature 9-contact socket. 
Heater Voltage (ae/dc) ......................................•• 
Heater Current ... , ............................................ . 
Heater Warm-up Time (Average) .............................• 
Heater_Cathc·de Voltage: 

Peak value ................................................• 
Average value .... ; .................. : .......•.......•..••• 

Direct Interelectrode Capacitances (Approx.): 
Triode Unit: 

Grid tq Plate ..................... , .......................• 
Grid to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield .... , ..... " ... ,., ... ,., ....• 
Plate to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield ...........................• 
Pentode Unit: 

Grid No.1 to Plate "., ...... "', ... ' .. , ..... ,." ..... , ....• ,. 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield , ...... """ ..... , ... " .. ,', .. ,', ......•.•• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
. Internal Shield , ..... ," .................................. . 

Triode Grid to Pentode Plate ...... ' ........... ,' ....... ' .....• 
Pentode Plate to Triode. Plate ............ , .................. . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage , ... ,.,,:,',.,", ... ,.,.,:... ......... 300 
Grid-No.2 (Screen-Grid) Supply Voltage .......... . 

9DX 
10.9 volts 
0.45 ampere 

11 seconds 

±200 max volts 
100 max volts 

2.8 pF 

4.2 pF 

2.4 pF 

0.12 max pF 

14 pF 

4.8 .pF 
0.015 max pF 
0.17 max pF 

Pentode Unit 
300 
300 

volts 
volts 

Grid-No.2 Voltage .,', .. ,"",.".,." .......... , .. 
GridcNo.1 (Control-Grid) Voltage, Positive-bias value o 

2 

See curve page 96 
o volts 

watts Plate Dissipation .. ,.,., .........•......• , ........• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ."., ..... 
For grid-No.2 voltages between 150 and 300 volts 

MAXIMUM CIRCUIT VALUES Triode Unit 
Plate Supply Voltage .•...... ,................. 125 
Grid-No.2 Supply Voltage ....... ,., ........... . 
Cathode-Bias Resistor ........ , ......... ,', .... . 
Amplification Factor , ..... , .. '., .......... ' ..... . 
Plate Resistance (Approx.) .................... ' 
Transconductance ............................. . 
Plate Current ".,', ............... , .......... . 
Grid-No.2' Current, ' ......... ',.,.,.".,." ....• 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ..............................•• 

TYPE !fLoa 
PENTODE SECTION 7; GRID-No.2 VOLTS'125 -I--+-I--t---/ 

t:! I rr' N 

~<II J.t J: ." 
I ~ 80 _ ~GRID-No.l VO :rS :E~_0l--+_+--I 0... .. 
Ii ~ 60 L : ~ ~'O.5 
25 :3 ".. - rb'~" -I 
~i40 "1.5-;-r- ~ 
~o..~ 20 k ~2· "'. ";""\' -2' ii! 
_ -- - ..... - --I---+'--E<;.:O ,', ,," -s" " ~2.5 

·,0 100 -_ " .. 200 .. ". 300 4.90 . 
" PLATE VOLTS 92CS-12656T 

68 
46 

4400 
10400 

15 

-6 

5 

1 
See curve page 96 

Pentode Unit 
125 200 
125 125 
82 68 

55000 
21000 

16.5 
3.1 

-4.2 

75000 
23000 

20 
3.5 

-4.2 

watt 

volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
rnA 

volts 

92cS-12616f 
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CHARACTERISTICS 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .......................• 
For cathode-bias operation ....................• 

Triode Unit Pentode Unit 

0.5 0.1 
1 0.25 

385 

megohm 
megohln 

Refer to type 6Y9. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

llY9 

12 
12AS 
12A7 

12A8GT 

H 

BEAM POWER TUBE 12ABS 

9EU 

Miniature type used in the 'output stage of automobile 
radio receivers operating from a 12-volt stoTage bat­
tery. Outlines section, 6E; requires miniature 9-contact 
socket; 

Heater-Voltage Range (ae/de) 0 •••••••••••••••••••••••••••••••• 10.0 to 15.9 ,"olts 
Heater Current (Approx.) at 12.6 volts ....................... . 0.2" ampere 
Peak Heater-Cathode Voltage ..................................•. ±90 max volts 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate .................... ,.,.", ......... , .•••• 
Grid No.1 to Cathode, Heater, Grid No.2, and Gdd No.3 .... 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... , .... , .. , 

0.7 max pF 
8. pF 

8.q. pF 

• For longest life, it is recommended that the heater be operated within the volttige range 
of 11 to 14 volts. 

Clas~ A" Amplifier 
MAX~MUM RATINGS (Oesign-Ce~~r Vl!rtil'lSV 
Plate Voltage ............... ,t~~~ ... :.:~~;.,:~ ...................... . 
Grid.No.2 (Screen-G"id) Voltage .,', ..... , .... ,., .............•• 
Plat.e Dissipation , .. ,., .... ,."." ......... , ...................• 
Grid-No.2 lnput ................................ , ..... , ......... . 
Bulb Temperature (At hottest point) ................... ~ ...... . 
TYPICAL OPERATION WITH. 12.6 VOLTS ON HEATER 
Plate Supply Vol~ge ..................... : .. , ... . 
Grid-No.2 Supply Voltage , ................. , .... . 
Grid-No.1 (Control-Grid) Voltage ........ , ....... , 
Cathode-Bias "Resistor ...... , ............ , ... , ... ,.' 
Peak AF Grid-No.1 Voltage , .................... . 
Zero-Signal ,Plate Current ............. , .......... . 
Maximum-8ignal 'Plate Current .......... , ........• 
Zer<>-Signal Grid..No.2 Current .......... , ........ . 
Maximum-8ignal Grid-No.2 Current ..............• 
Plate Resistance (Appro".) ' ...................... . 
Transconductance ., .............................. . 
Load Resistance ................................. . 
Total Harmonic Distortion ........................ . 
Maximum-Signal Power, Output .......... , ....•• u 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Cireuit "Resistance;· 

250 
200 

27(( 
10.,5 
33.5 

36 
1.6 
3.2 

'15000 
4000 
6000 

8 
3,S 

For fixed-bias operation .................................. .. 
For cathode-bias operation .......... , ...................... . 

Push-Pull Class ABl Amplifier 
MAXIMUM RATINGS (Same as for Single-Tube Class At Amplifier) 

315 
285 

12 
2 

250 

250 
250 

-12.5 

12.5 
45 
47 

4.5 
7 . 

50000 
4100 
5000, 

. 8 ' 
4.lii 

0.1 
0.5 

TYPICAL OPERATION WITH 12.6 VOLTS ON HEATER (Values are for two tubes) 
Plate Voltage ...... , ................. , ................. ,....... 25'0 
Grid-No.2 Voltage ...... , .................... ,.................. 250 
Gdd-No.l Voltage .............................. ,................ -15 
Peak AF Grid-No.l-to-Grid-No.1 Voltage ................... ,.... 30 
Zero-Signal rlate Current ..... , ............. , .. ,., ........... ; . 70 
Maximum-Signal Plate Current ......... , ..... , ...... ,.......... 79 
Zero-Signal Grid-No.2 Cut'rent .................................. 5 
Maximum-Signal Grid-No.2 Current ................. , ...... ,.,.. 13 
Effective Load Resistance (Plate-to-Plate) .....................•.. 10000 
Total Harmonic Distortion ....................... ,.............. Ii 
Maximum-Signal Powel' Output .................... .. . ... . • . .. • 10 

volts 
volts 

watts 
watts 

·C 

volts 
volt.s 
volts 
ohms 
volts 

mA 
rnA 
mA 
mA 

ohms 
/Lmhos 

ohms 
pel' cent 

watts 

megohm 
megohm 

volts 
volts 
volts 
volts 

mA 
mA 
rnA 
mA 

ohms 
pel' cent 

watts 
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MAXIMUM CIRCUIT VA!.UES 
Grid.No.l-Circuit Resistance: 

For fixed-bias operation .•••••••••••••.•. __ ...• __ .• _. __ .. _ •• _ 0.1 
0.5 For cathode-bias operation .......... ; .. ; ............. -. ....•• 

12AC6 
12AD6 

12AE6 
12AE6A 
12AE1 
12AF3 
12AF6 

12AH1GT 
12AJ6 
12AL5 
12AL8 
12ALll 
12AQ5 
12AT6 

12AT7 
12AT7/ 
ECC81 

TYPE 12AB5 'l1 GRID-No.2 VOLTS = 250 ::l-
250\---'-.----,,---,---:0'-.--+--1 a: 

N ~ 
o 2 
:;:el2oohfl-=:j==::::+.±.lS~ i-,--; 30 ~ 
eei 20::! 
a:~ 2 
"'2150 10_ 
a:~ -0::: 0 g 
-:Qi 100 -lOti 
~ z 

o 100 200 300 400 500 
PLATE VOLTS 92CS-8754T 

I 
o 

~ 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart. at end of section. 

Refer to type 6AF3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6AL5. 

Refer to chart at end of section. 

Refer to type 6ALll. 

Refer to type 6AQ5A. 

Refer to type 6AT6. 

HIGH-MU TWIN TRIODE 

Miniature types used as push-pull cathode-drive ampli-
fiers or frequency converters in the FM and television 9A 

megohm 
megohm 

broadcast bands. Outlines section, 6B; require miniature 9-contact socket. 
Ea.ch triode unit is independent of the other except for the common heater. 
For typical operation as a resistance-coupled amplifier, refer to Resistance­
Coupled Amplifier section. 
Heater Arrangement: I Series 
Heater Voltage (ae/de) .......• , .•.•••••••••••• __ .' 12.6 
Heater Current ............................... "'.. 0.16 
Peak Heater-Cathode Voltage .•.•.•••••••••.•••••• __ ,. .•..... _. __ • 

Parallel 
6.3 
0.3 

:±:90 max 

volts 
ampere 

volta 



TECHNICAL DATA 

Direct Interelectrode Capacitances: 
Grid-Drive Operation: 

Grid to Plate (Each unit) ................................. . 
Grid to Cathode and Heater (Each unit) ....................• 

Plate to Cathode and Heater: 
Unit No.1 .................................................• 
Unit No.2 ................................................. . 

Cathode-Drive Operation: 
Cathode to Plate (Each unit) ............................•• 
Cathode to Grid and Heater (Each unit) ...................• 
Plate to Grid and Heater (Each unit) .................... .. 

Heater to Cathode (Each Unit) ...............................• 

Class A. Amplifier (Each Unit) 
MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 
Plate Voltage ..................................................• 
Grid Voltage, Negative-bias value ..............................• 
Plate Dissipation ..............................................• 
CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Grid Voltage (Approx.) for plate cUrl'ent of 10 p.A 
Plate Current .................................... . 

TYPE 12AT7 
FOR EACH UNIT 

100 
270 

60 
15000 

4000 
-5 
3.7 

25~-.---r--~--+-~---+--~ 
U) 

~20~--+-~+ f-+---r---r---r--' ... 
0-

~ 15 
:i 
:! 
::Ii 10 

'" ~ 
~ 

Refer to type 6AU6A. 

Refer to chal·t at end of section. 

1.5 
2.2 

0.5 
0.4 

0.2 
4.6 
1.8 
2.4 

300 
-50 

2.5 

250 
200 

60 
10900 

5500 
-12 

10 

12AU6 

12AU7 

387 

pF 
pF 

pF 
pF 

pF 
pF 
pF 
pF 

volts 
volts 

watts 

volts 
ohms 

ohms 
p.mhos 

volts 
mA 

12AU7A 
12AU7AI 

ECC82 
MEDIUM-MU TWIN TRIODE fAU7, 'AU7 

Miniature types used as phase inverters or push-pull 
9A amplifiers in ac/dc radio equipment and as multivi-

brators or oscillators in industrial control devices. Also used as combined 
vertical oscillators and vertical-deflection amplifiers, and as horizontal­
deflection oscillators, in color and black-and-white television receivers. 
Outlines section, 6B; require miniature 9-contact socket. Each triode unit is 
independent of the other except for the common heater. For typical opera­
tion as a resistance-coupled amplifier, refer to Resistance-CouplecLAmplifier 
section. Types 7AU7 and 9AU7 are identical with type 12AU7 and 12AU7Ai 
ECC82 except for heater ratings. 
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Heater Yoltage. lac/de):. , 

.Y. '~!~erlel;: ~ ::':::::;',:: :-:.:_:':.'~.:; :-::-: :.:: :.:": :":: 
Heater Current:, . 

. Sedes .......... , ....... , ............. . 
'Parallel c. ~ , ........... , •.• ,> .......... : ••••• 

Heater Wal'1n-up Time (p,.'rallel. Average) .• 

74U7 ,,,.It 
a:1i 
0'.3 
0.6 
11 

9AU7 
9.4' 
4.7 

0.225 
0.45 

11 

j:2AU7A 
l.2All:ZA/ 
E.CC~2 

11:6: 
'~3 

0.15 
, ,0,.3 

volts 
yolts 

ampere 
ampere 
seconds 

Heater-Cathode Voltage.: .. :' "" '." 
Peak value .. '; ...................... , .. ±200. max ±200 max ±200 max volts 

volts Average value ... · •. ·c ••• ; ••••.••.• , ••.• :.:. :l00max 100 max 100 max 
Direct Interelectrode Capacitances' (Approx.) : Unit No.1 Unit No.2 

Grid to. Plate ...... -....... ' . : ... : .............. . 1.1, 1.5 
Grid to Cathode and Heater ................. . 1.6 1.6 
Plate to Cathode and. HEiiiter, ................ .. 0.5 0.35 

Class Al Amplifier (Each Unit Unless 
MAXIMUM RATINGS (Design-Maximum Values) 

Otherwise Specified) 

Plate Voltage ...... , .........•..................................• 
Cathode Current ................................................ . 
Plate Dissipation: 

Each Plate ............... " .............................. .. 
Both Plates (Both units operatiiig) ........... '.' ............ . 

CHARACTERISTICS ' 
Plate Voltage ...... < ........................•.•... 
Grid Voltage ., ............... ' ................... . 
Amplification Factor ............................. . 
Plate Resistance'·'<Approx.) ........................ . 
Transconductance .... i •••••••••••••••••••••••••••• 

Plate Current ........................ ; ...... , .... . 
Grid Voltage (Approx.) for plate current of 10 p,A 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

100 
o 

19.5 
6250 
3100 
11.8 

330 
22 

2.75 
5.6 

250 
-8.6 

17 
7700 
2200 
1.0.~ 
-24 

For fixed-bias operation ...................................•. 0.25 
For cathode-bias operation .................................. 1.0 

Oscilrator (Each Unit Unless Otherwise Specified) 
For operation in a 5Z5-line, 30-frame system 

Vertical­

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ....... , .......................• 
Peak Negative-Pulse Grid Voltage, ................ . 
Peak Cathode Current ...........................• 
Average Cathode Current ..... , ................... . 
Plate Dissipation: 

Each Plate . _ .. ' .......... : ..... ' .............. . 
Both Plates (Both units' operating) ............• 

MAXIMUM CIRCUIT VALUES ' 
Grid-Circuit' Resistance .......................... . 

TYPE 12AU7A 
EACH UNIT 

Dellection 
Oscillator 

330 
-440 

66 
22 

2.75 
5.0 

2.2 

Horizontal­
Dellection 
Oscillator 

330 
-660 

330 
22 

2.75 
5.5 

2.2 

pF 
pF 
pF 

volts 
mA 

watts 
watts 

volts 
volts 

ohms 
p,mhos 

mA 
volts 

megohm 
megohm 

volts 
volts 

mA 
mA 

watts 
watts 

megohms 

Vertical-Deflection Amplifier (Each Unit Unless Otherwise Specified) 
For operation in a 52.-line, 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Val.ues) 
DC Plate Voltage ............................................ .. 330 volts 



TECHNICAL DATA 

PO!\Iok .Positiv~l'ulsePlate Voltage# ............... ' ....... ; ... .. 
Peak Negative-l'uJse Grid Voltage ............................. ;. 
Peak Cathode Current ..................................... ""." 
Average Cathode Current ..................................... .. 
Plate Dissipation.: ., 

Each l'late ; .• , ............................................ .. 
: Both 'l'lates (Both units operating) .............•.••••...•• 

MAXtMUM CIRCUIT VALUE 

389 

1200 volt. 
-'275 volts 

'"66 mA 
.22 mA 

2.75 watts 
6:5 watts 

Grid-Circuit Resistance, f<u' cathode-bias operation .. , ••..•.• ,. ••• 2.2 . megohms 

# Pulse duration must not exceed ).5% of .. vertical scanning·.o.yc,fe (2.5 milliseconds). 

'Refer to type 6A V5GA. 

Refer to type 6A V6. 

Refer to chart at end of section. 

SHARP-CUTOFF PENTODE 

12AV5GA 

12AV6 

12AV7 

12AW6 
Miniature type used asan'n or if amplifier up to 400 
MHz in compact ac/dc FMreceivers. Outlines section, 
5Cj requires miniature 7-contaet socket. Heater: volts 
(ac/dc), 12.6; amperes, 0.15. Except for heater rat­
ings and terminal connections, this type is identical 
with miniature type 6AG5. 

Refer to type 6AX3. 

Refer to chart at end of section. 

Refer to type 6AX4GTR 

Refer to chart at end of section. 

HIGH-MU TWIN TRIODE 

12AX3 

12AX4GT 
12AX4GTA 

12AX4GTB 

12AX7 

12AX7A 
12AX7AI 

ECC83 
Miniature types used as phase inverters or twin re-

9A sistance-coupled amplifiers in radio equipment. Outlines 
section, 6B; require miniature 9-contact socket. Each triode unit is inde­
pendent of the other except for common heater. For characteristics and 
curves, refer to type 6A V6. For typical operation as a resistance-coupled 
amplifier, refer to Resistance-Coupled Amplifier section. 
Heater Al'l'angement: 
Heater Voltage (aclde) ......................... . 
Heater Current .................................. . 
Heater-Cathode-Voltage: 

Series 
12.6 
0.15 

Peak value ............................................... . 
Average value ............. ,." .. , ........ , .... ,.,",',.,., .. . 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate ................................ 1.7 
Grid to Cathode" and Heater .................. 1.6 
Plate to Cathode and Heater .................. 0.46 , 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................•• 
Grid Voltage: 

Negative-bias value ......................... : ..............• 
Positive-bias value .......................................•• 

Plate Dissipation ............................................... . 

Parallel 
6.3 volts 
0.3 ampere 

±200 max volts 
100 max volts 

Unit No.2 
1.7 pF 
1.6 pF 

0.34 pF 

330 volts 

-55 volts 
0 volts 

1.2 watts 
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EQUIVALENT-NOISE ANO HUM VOLTAGE (References To ,Grid, Each Unit). 
Average Value ....................... , ..................... ;..... 1~8 p.V rms 

• Measured in "true rms" units under the following conditions: Heater voltage (parallel 
connection). 6.S volts ac; center tap of heater transformer grounded; plate supply voltage, 
250 volts dc; plate load resistor, 100000 ohms; cathode resistor, 2700 ohms byPassed by 
100-I'F capacitor; grid l'EIIIistor, 0 ohms; and amplifter covering frequencY range between 
25 and 10000 Hz. 

J2AY3 
12AY3A Refer to' type 6A Y3B. 

12AY7 MEDIUM-MU TWIN TRIODE 
Miniature type used in the first stages of high-gain 
audio-frequency amplifiers. Outlines section, 6B; re­
quires miniature 9-contact socket. Each triode unit is 
independent of the other except for, the common heater. 
Use of the 12.6-volt connection with an ae heater sup­
ply is not recommended for applications involving low 
hum. For typical operation as a resistance-coupled am­
plifier, refer to Resistance-Coupled Amplifier section. 
Heater Arrangement: Series 
Heater Voltage (ae/dc) ....•............•......... 12.6 

Parallel 
6.S 

9A 

Heater Current ................................... 0.15 
Peak Heater-Cathode Voltage .................... ; ............. .. 

0.3 
±90ma:x: 

Dil'ej)t Interelectrode Capacitances (Approx., Each Unit) 
Grid to Plate ... , .......................................... . 
Grid to Cathode and Heater ............................... . 
Plate to Cathode and Heater ...............................• 

Class At Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) . 
Plate Voltage ............................................... ~ ... . 
Grid Voltage: . 

Negative-bias value ....................................... . 
Positive-bias value ......................................... . 

Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
CHARACTERISTICS 

1.3 
1.3 
0.6 

-50 
o 

10 
1.0 

Plate' Voltage .... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 
Grid Voltage '.................................................. -4 
Amplification Factor ....................................... ; . . . . 40 
Plate Resistance ................................................ 22800 
Transconductance .................... : ....................... '," 1750 
Plate Current , ..... ,., ...... , ... ,.............................. 3 
Grid Voltage (Approx.) for plate current of 10 mA ........ '........ -11 

12AZ7 . Refer to chart at end of section. 

12AZ7A MEDIUM·MU TWIN TRIODE 

Miniature type used in direct-coupled cathode-drive rf 
amplifier circuits of vhf color and black-and-white tele­
vision tuners. Outlines section, 6B; requires miniature 
9-contact socket. For characteristics as class Ai am­
plifier, refer to miniature type 12AT7. 
Heater Voltage (acldc): 

Series ...............•••...............•.•....•............. 
Parallel ................................................... . 

Heater Current: 
Series, .....................•................ 0"0 •••••••••••••• 

Parallel .................................................... ' 
Heater Warm-up Time (Average) .............................•• 
Heater-Cathode Voltage: 

Peak value ...............................................•. 
Average value •........ ' ...................................•. 

12.6 
6.3 

0.225 
0.45 

11 

9A 

±200max 
100 max 

volts 
ampere 

volts 

pF 
pF 
pF 

volts 

volts 
volts 

mA 
watts 

volts 
volts 

ohms 
pmhos 

mA 
volts 

volts 
volts 

ampere 
ampere 
seconds 

volts 
volt. 



TECHNICAL'DATA 

Direct Interelectrode Capacitance (ApPI·OX.): Unshielded Shielded" 
Grid to Plate (Each Untt) .................••• 
Grid to Cathode and Heater (Each unit) .......• 
Plate to Cathode and Heater: 

2 1.9 
2.6 2.8 

Unit No.1 ............................... . 0.44 1.4 
Unit No.2 ............. ,' ................. . 0.36 1.6 

" With external shield connected to cathode of unit under test. 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Negative·bias value ............................... . 
Plate Dissipation .............................................•• 
MAXIMUM CIRCUIT VALUES (Each Unit) 
GI·id·Circuit Resistance: 

For fixed·bias operation ...................................• 
For cathode·bias operation ................................. . 

330 
-55 

2.5 

0.25 
1 

391 

pF 
pF 

l·F 
pF 

~()lts 
volts 

'WattS' 

megohm 
megobm 

LOW-MU TRIODE 12B4A 

9AG 

Miniature type used as vertical-deflection amplifier in 
television receivers. Outlines section, 6Ej requires 
miniature 9-contact socket. 

Heater Voltage .................................. . 
Heater Current, .................................. . 
Heater Wal'lIl'up Time ............................• 
Heater-Cathode Voltage: 

Series 
12.6 

0.3 

Peak value ......................................... . 
Average value ............................................. . 

Direct Intel'electrode Capacitances: 
Grid to Plate .............................................. . 
Grid to Cathode and Heater ............................... _ 
Plate to Cathode and Heater ............................... _ 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ................................................. . 
Grid Voltage, Negative-bias value ............................ .. 
Plate Dissipation ..............................................• 
CHARACTERISTICS 
Plate Volta .. e ................................................. . 
Grid Voltage .................................................. . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance ............... , ............................... .. 
Plate Current .............................................. .. 
Plate Current for grid voltage of -23 volts ...................• 
Grid Voltage (ApPl'Ox.) for plate current of 200 /LA ............. . 
MAXIMUM CIRCUIT VALUES 
Gl1d·Circuit Resistance: 

For fixed·bias operation ............. ; .................... .. 
For cathode·bias operation ... : ........................ : ....• 

Vertical·Deflection Amplifier 
For operation in a 525·line, 30·frame system 

MAXIMUM RATINGS (Design·Center Values) 
DC Plate Voltage ............................................. .. 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ....... , 
Peak Negative.Pulse Grid Voltal1;e ............. ' ................•• 
Peak Cathode Current .........................................• 
Average Cathode Current ..............•......................•• 
Plate Dissipation ....................................... , ...... . 
MAXIMUM CIRCUIT VALUE 
Grid·Circuit Resistance, for· cathode-bias <t>peration ......•.....•• 

11 Pulse duration must not exceed .15%.of a vertical scanning ,eycle 
t Under no circumstances should tbisabsolute value be exceeded. 

Parallel 
6.3 volts 
0.6 ampere 
11 seconds 

±200 max volts 
100 max volts 

4.8 pF 
5 pF 

1.5 J>F 

550 volt. 
-50 volts 

5.5 watts 

150 volts 
-17.5 volts 

6.5 
1030 ohms 
6300 pmhol'; 

34 inA 
9.6 mA 

-32 v"lt. 

0.47 megonm 
2.2 megohms 

550, volts 
1000t volts 

-250 'Volt ... o::, 

105 rnA 
30 rnA 

5.5 watts 

2.2 megohms 

(2.5 milliseconds). 
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; ), 

12B8GT 
12BA6 
12BA7 
12BD6 
12BE3 
12BE6 
12BF6 

Refer to chart at end of section. 
Refer to type SBAS. 

Reier to chart at end of section. 
Refer to chart at end of section. 

Refer to type SHE3. 
Refer to type SBES. 

Refer to chart at end of section. 
128Fll 
12BH7 

Refer to type SBFll. 
Refer to chart at end of section. 

12BH7A MEDIUM-MU TWIN 'TRIODE 
Miniature type used as combined vertical-deflection 
amplifier and' verticalcoscilIator,' and·.as· horizon~-de'" 
flection oscillator, in television receivers, and in 
phase-inverter and multivibrator circuits. Outlines sec­
tion, SE; requires miniature 9-contact socket. Each 
triode unit is independent of the other except for the 
common heater. 
Heater Arrangement:· 
Heater Voltage (ac/de) ........................... . 
Heater Current ................ , .................. . 
Heater Warm-up Time (Averalle) .................. . 
Heater.Cathode Voltage: 

Series 
12.6 

0.3 

Par~llel 
6.3 
0.6 
11 

SA 

Peak value. , ............ t •••.••• , .......................... .. 
Average value .............................................. . 

±200max 
100 max 

Direct Intereleetrode Capacitances (Approx.): Unit No.1 
Grid to Plate .................................. 2.6 
Grid to Cathode and Heater .;.................. 3.2 
Plate to Cathode and Heater ................... 0.5 
Plate of Unit No.1 to Plate of Unit No.2 ...... . 

Class A,. Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 

0.8 

Plate Voltage ......................................... : ........ . 
Grid Voltage: 

Negative-bias value ......................................... . 
Positive-bias value .......................................... . 

Cathode Current .........................•....................... 
Plate Dissipation: 

Each Plate ................................................ . 
Both plates (Both units operating) ......................... . 

CHARACTERISTICS 
Plate Voltage ............................ : ...................•.. 
Grid Voltage ................................................... . 
Amplification Factor ............................................ . 

. Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current ........... : ....................................... . 
plate Current for grid 'Voltage of -14 volts ..................... . 
Grid Voltage (Approx.) for plate· current of 50 ,.A ............... . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ....................................• 
For cathode::bu... operation ...............•..................• 

Oscillator (Each Unit) 

Unit No.2 
2.6 
3.2 
0.4 

300 

-50 
o 

20 

3.5. 
7 

250 
-10.5 

16.5 
5300 
3100 
11.5 

4 
-23 

0.25 
1.0 

For operation in • G2G-line. 30-frame system 
. . V ~rtleal- Horizontal­

Delleetlon Delleetion 
MAXIMUM RATINGS (Design-center Vah.ies) 
DC Plate Voltag~ ..... :; '~.I" '.' ~ ..................... . 
P~k N<:>gative-Pulse' Gr,dvoltag-, ............... . 
Peak Cathode. Current, ............ , ...... ; ..... _ ...... . 
A'Verage,Cathocie. Current ...•....... " ..........• ;"" 
Plate DissipatiOn:-, 

Each. Plate. /;' •.... ' " .......... : ........ ~ ....... .. 
Both Platosc (~thunlts operatinlr) ..... , .... ;; .. 

, .Oscillator Oscillator 
. \4I)D 45D' 

. -':"400 ---600 

~g llgg 
ll.~ 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 

volts 

volts 
volts 

mA 

watts 
watts 

volts 
volts 

ohms 
,.mhos 

mA 
mA 

volts 

megohm 
melrohm 

volts 
volts 

inA 
mA 

watts 
watts 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance ..................•.••••.• • . 2.2 megohms 

Vertical-Deflection Amplifier (Each Unit) 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage .............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute maximum) ........ . 
Peak Negative.Pulse Grid Voltage ............................... . 
Peak Cathode Current ..........................................• 
Average Cathode Current ....................................... . 
Plate Dissipation: 

Each Plate ................................................. . 
Both Plates (Both unit. operating) .......................... . 

MAXIMUM CIRCUIT VALUE 

450 
1600· 

-250 
70 
20 

3.5 
7 

volta 
volts 
volts 

mA 
mA 

watts 
watts 

Grid-Circuit Resistan~e for cathode-bias operation ................ 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
• Under no circumstances should this absolute value be exceeded. 

TYPE 12BH7A 
EACH TRIODE UNIT 

50r--,--,,---.--~~-+---+---; 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BN6. 

Refer to type 6BQ6GTB/6CU6. 

Refer to chart at end of section. 

Refer' to type 6BS3A. 

92CS-7742T1 

HALF-WAVE 
VACUUM RECTIFIER 

12BK5 

12BL6 

12BN6 

12BQ6GTB/12CU6 

12BR1 

. 12B53 
12B53A 

128T3 

12BL 

Duodecar. type used as damper tube in horizontal-de­
flection circuits of television receivers. Outlines sec­
tion,. SC; requires duodecar 12-contact socket. Heater: 
volts (ac/dc), 12.6; amperes, 0.45. 

Damper. Service 
. Fo~ operation ill a. 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) . 
Peak Inverse Plate Voltage#" .... : .... " ............................ ~ •• 
Peak Plate Current ............... , .............. : ........•.. ; .•.. '~'. 
Av .. rage Plate Current ....................... ; ................... . 
Plate Dissipation., .".; ........................................... . 

",'" : .... ).1 
"-0'-

. 3300 
1000 
·166 

5.3 

volts 
rnA 
mA'~ ~ ... ' 

:watta~:~ 
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Heate~-Cathode Voltage: 
Peak value ............. :...................... +300 
Average value .......................•.....•. ,. +100 

CHARACTERISTICS, Instantaneous Value' 
Tube Voltage Drop for plate current of 260 rnA max .............• 

-3300 
-600 

21 

volts 
volta 

volta 

"" Pulse duration must not exceed 15% of a horizontal seanning:cycle (10 microseconds). 

12BV7 Refer to chart at end of section .. 
12BW4 Refer to chart at end of section. 
12BY7 Refer to chart at end of section. 

12BY7A SHARP-CUTOFF PENTODE 

Miniature type used as video amplifier in television 
receivers. Outlines section, 6E; require miniature 9-
contact socket. 
Heater Al'rangement: 
Heater Voltage (ae/de) ........................... . 
Heater Current .................................... . 
Heater Warm-up Time (Average) ................... . 
Heater-Cathode Voltage: 

Series 
12.6 

0.3 

Peak value .... '" ........................................ .. 
Average value .............................................. . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ............... : .......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ......................................• 
Plate to Cathode, Heater, Grid No.2, and Internal Shield ..... . 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ...........................................• 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .............. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage ................................ . 

Negative-hias value .......................................... . 
. Positive-bias value ......................................... . 

Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 
CHARACTERISTICS 

Parallel 
6.3 
0.6 
11 

M 

9BF 

±200 max 
100 max 

0.063 

10.2 
3.5 

330 
o 

190 

-55 
o 

6.5 
1.2 

volta 
ampere 
seconds 

volts 
volts 

pF 

pF 
pF 

volta 
volts 
volta 

volts 
volts 

watts 
watts 

Plate Supply Voltage............................................ 250 volt. 
Grid No.3 ................................................. Connected to cathode at socket 
Grid-No.2 Supply Voltage........................................ 180 volts 
Cathode-Bias Resistor ........................................... 100 ohms 
Plate Resistance (Approx.) ...................................... 93000 ohms 
Transconductance ......................... '.' . . . . . . . . . . . . . . . . • . . . . 11000 /LmhoS 
Plate Current ................................................... 26 mA 
Grid-No.2 Current ............................................... 5.75 mA 
Grid-No.1 Voltage (Approx.) for plate current of 20 /LA .......... -11.6 volta 

TYPE 12BY7A 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT r---
SOCKET. 

GRID-NO.2 VOLTS=180 

1--1R,D-J.. VOJTS EC!=+2.J . 
~+I.O 
....--+0.5 ECI=O 

~-1.0-
~-2.0 
;2.5 -3D:-
~=-4.0 
..,-5.0_6.0 

40 

o 100 200 300 400 500 600 700 
PLATE VOLTS 92CS-9234TI 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ........................................ ~ .. . 
For cathode-bias operation ......................•.....•...••• 

Refer to type 6BZ6. 

HIGH-MU .TWIN TRIODE 

0.25 
1 

12BZ6 

395 

megohm 
megohm 

12BZ7 

9A 

Miniature type used in sync-separator and sync-ampli­
fier circuits of tillevision receivers, and in clipping cir­
cuits and audio-amplifier applications. Outlines section, 
6E; requires miniature 9-contact socket. 

Series 
Heater Voltage .................................... 12.6 
Heate~ CurreIJ,t .................................... 0.3-
Peak Heater-Cathode Voltage ................................. . 
Di~ect Interelectrode Capacitances: Unit No.1 

Grid to Plate .................................. 2.5 
Gri,d to Cathode, and Heater ..... ,.............. 6.5 
Plate to Cathode, and Heater """""',...... 0.7 
Plate of Unit No.1 to Plate of Unit No.2 "",... 1.3 

Class Al Amplifier (Each Unit} 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage .,.,.,", .. ' ......... ,., .. '.',., ...........•.•..••• 
Grid Voltage: ' 

Negative-bias value ,.,., ... ,.," .... ,"' ..................•• 
Positive-bias value ", ........ "",."., .................... .. 

Plate Dissipation ""',., ..... , ... ,., .. , .. , .. , ............. , ...•• 
CHARACTERISTICS 
Plate Voltage .,""',., ......... ' .. ,." ... " ............. , .....• 
Grid Voltage """""",., ..... ,",." .. "',., ........ ,,., ....• 
Amplification Factor ,""', ....... ," .. ,.,., ............. ,, .....• 
Plate Resistance (Approx.) .' .. , .. ,.,., .. " ...................... . 
Transconductance ............................................... . 
Plate Current "'.' .. ,.' .. ".'.".,',."""',',', ... ' ..........• 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance for contact-potential-bias operation 

Refer to type 6CUS. 
Refer to chart at end of section. 

R,efer to type 6CAS. 
Refer to type 6CK3. 
Refer to type 6CL3. 

Refer to chart at end of section. 
Refer to type 6CR6. 

Refer to chart at end of section. 
Refer to type 6CUS. 

Refer to type 6BQ6GTB/6CU6. 
Refer to chart at end of section. 

Refer to type 6DA4. 
Refer to type 6DBS. 

Refer to chart at end of section. 
Refer to type 6DK6. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Parallel 
6.3 
0.6 

±180max 
Unit No.2 

2.5 
6.5 

0.55 

300 

~50 
0 

1.5 

250 
-2 
100 

31800 
3200 

2.5 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 

volts 

volts 
volts 

watts 

volts 
volts 

ohms 
pmbos 

mA 

5 megohms 

12C5 
12C8 

12CA5 
12CK3 
12CL3 
12CN5 
12CR6 
12CT8 

12CU5/12C5 
12CU6 
12CX6 
12D4 

12DB5 
12DE8 
12DK6 

12DK7 
12DL8 
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12DM4 Refer to chart at end of section. 12DM4A 
12DQ6A Refer to chart at end of section. 

12DQ6B Refer to. type 6DQ6B. 

12DQ7 Refer to chart at end of section. 

12DS7 Refer to chart at end of section. 12DS7A 
12DT5 Refer to type 6DT5. 

12DT8 Refer to type 6DT8. 

12DU7 Refer to chart at end of section. 

12DV8 Refer to chart at end of section. 

12DW7 Refer to chart at end of section. 

12DY8 Refer to chart at end of section. 

12DZ6 Refer to chart at end of section. 

12EA6 Refer to chart at end of se\!tion. 
12EC8 Refer to chart at end Of section. 

12ED5 Refer to chart at end of section. 
12EG6 Refer to chart at end 0:J; section. 

", 
12EH5 Refer to type 6EH5. 
12EK6 Refer to chart at end of section. 

12EL6 Refer to chart at end of section. 

12EM6 Refer to chart at end of section. 

12EN6 Refer to chart at end of section. 

12EQ7 Refer to type 6EQ7. 

12F5GT Refer to chart at end of section. 
12F8 Refer to chart at end of section. 

12FK6 Refer to chart at end of section. 
12FM6 Refer to chart at end of section. 

12FQ8 HIGH-MU 
TWIN DOUBLE-PLATE TRIODE 

Miniature type used in frequency-divider and complex­
wave-generator circuits of electronic musical instru­
ments. Outlines section, 6B; requires miniature9-con-
tact socket. 9KT 

Heater Voltage (aelde) ,., .. ,."." ...... , .. ,.".",.," ....... .. 
Heater Current ............. , ..... , .... ,", .. ,., ............... . 
Heater-Cathode Voltage: 

Peak value .............. , ............... , .............. , ... . 
Average value ................. , ............... , ..........•. 

Direct Intereleetrode Capacitances (Approx.): 
Grid to Either Plate (Ea.eh Unit) ..............•............• 
Grid to Cathode, and Heater (Each Unit) ................•.•• 
Plate A of Unit No.1 to Cathode, and Heater ....•.•........• 

12.6 volts 
0.16 ampere 

±200 max volts 
100 max volts 

0.9 pF 
1.8 pF 

0.34 pF 
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Plate B of Unit No.1 to Cathode, and. Heater ............... . 
. Plate A of Unit No.2 to Cathode; and Heater ....•.•......... 
. Plate B of Unit No.2 to Ca:th6I,l~ ... and Heater ............... . 

Plate A to Plate B (Each Unit) ............................. .. 
. Plate A of Unit. No.1 to Plate,A of Unit No.2 ...............• 

CHARACTERISTICS. 
ClaSS, A, Amplifier (Each Unit) 

Plate Voltage ............................................••....•• 
Grid Voltage ..................................................•• 
Amplification Factor ............................................• 
Plate Resistance (Approx.) .................•.................... 
Transconductance ............................................... . 
Plate Current .................................................. . 

0.24 
0.3 

0.18 
0.7 
0.4 

250 
-1.5 

95 
76000 

1250 
1.5 

• Using either plate A or plate B, with plate not in use connected to ground. 

Frequency-Divider and Complex-Wave Generator (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 

397 

pF 
pF 
pF 
pF 
pF 

volts 
volts 

ohms 
/lmhos 

mA 

Plate A Voltage ....................................•.........••• R30 volts 
Plate B Voltage................................................. 330 volts 
Grid Voltage, Positive-bias value ............................... ,. 0 volts 
Plate A Dissipation ............................................. 0.5 watt 
Plate B Dissipation ......•...................................••• 0.5 watt 

Refer to chart at end of section. 

Refer to chart at end of section. 

4 5 

H3 ,,~ POWER PENTODE 

12FR8 

12FV7 

12FXS ~
H. GI 

2 7 
", P 

I 
K 
"3 

7CV 

Miniature type used in output stages of audio ampli­
fiers. Outlines section, 5Dj requires miniature 7-con­
tact socket. Type 60FX5 is identical with type 12FX5 
except for heater ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

Peak value ................................•.•• 
Average value ........... '. ' .................. .. 

Direct Interelectrode Capacitances (Approx.): 

12FX5 
12.6 
0.45 

11 

±200 max 
100 max 

Grid No.1 to Plate ....................................... . 
Grid No 1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..............................................•.. ' 
Grid-No.2 (Screen-Grid) Voltage ., ............................ ,. 
Plate Dissipation ............................................. .. 
Grid-No.2 Input ..............................................•• 
Bulb Temperature (At hottest point) ........................... . 
TYPICAL OPERATION 
Plate Supply Voltage .......................................... .. 
Grid-No.2 Supply Voltage .: ................................... . 
Cathode-Bias Resistor ......................................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signa I Plate Current ..................................... .. 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Grid No.2 Current ....... , ........................ . 
Maximum-Signal Gl'id No.2 Current ............................ . 
Plate Resistance ............................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ................. " ............ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .............•.... 
For cathode-bias operatioll ............. ..' 

60FX5 
60 'volts 

0.1 ampere 
seconds 

±200max volts 
100 max volts 

0.65 pF 
17 pF 

9 pF 

150 volts 
130 volts 
5.5 watt. 

2 watts 
225 ·C 

110 volts 
110 volts 

62 ohms 

" volts 
36 mA 
35 mA 
10 mA 
12 mA 

17500 ohms 
13500 I'mhos 

3000 ohms 
8 per cent 

1.3 watts 

0.1 megohm 
0.5 megohm 
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12FX8 
12FX8A 

12GA6 

12GC6 

12GE5 

12GJ5 

12GJ5A 

12GN7 
12GN7A 

Refer to chart at end of section. 

Refer to 'chart at end of section. 

Refer to chart at end of section. 

Refer to type 6GE5. 

Refer to chart at end of section. 

Refer to type 6GJ5A. 

SHARP-CUTOFF PENTODE 

Miniature types with frame grid used as video-ampli­
fier tubes in color and· black-and-white television re­
ceivers. Outlines section,. 6E; require miniature 9-con­
tact socket. Type 12GN7A is identical with type 

H 

12GN7 except for a higher plate dissipation. Heater: 9BF 
volts, 6.3 (parallel), 12.6 (series); amperes, 0.6 (parallel), 0.3 (series); 
warm-up time (average), 11 seconds, maximum heater-cathode volts, ±200 
peak, 100 average. ' 

Class A. Amplifier 
'MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ........ ,; ........... ,.,.: .. ,: .................... .. 
Grid-No.2 (Screen-Grid) Supply Voltage .......................•.• 
Grid-No.2 Voltage .............................................. . 
Grid_No.1 (Control-Grid) Voltage, Positive-bias value .............• 
Plate Dissipation (12GN7) ..................................... .. 
plate Dissipation (12GN7A) .................................... . 
Grid-No.2 Input:· 

For grid-No.2 voltages up to 165 volts .. \ ................•....• 
For grid-No.2 voltages between 165 and 330 volts ...........•• 

CHARACTERISTICS 
Plate Supply Voltage ............................•• 
Grid-No.2 Supply Voltage ......................... .. 
Grid"No.l Voltage ...............................•• 
Cathode-Bias Resistor ............................• 
Plate Resistance (Approx.) ........................ . 
Transconductance .................................• 
Plate Current ...................................•• 
Grid-No.2 Current ...............................•• 
Grid-No.1 Voltage (Approx.) for plate current of 

100 "A ................... , ...................•• 
MAXIMUM CIRCUIT VALUE 

50 
125 

o 

70-
24' 

400 volts 
330 volts 

See curve page 96 
o volts 

7.5 watts 
11.5 watts 

1.5 watts 
See curve page 96 

250 
150 

o 
56 

0.05 
36000 

28 
6.5 

-5.7 

volts 
volts 
volts 
ohms 

megohm 
"mhos 

rnA 
mA 

volts 

Grid-No.1-Circuit'Resistance ..................................... 0.25 megohm 

- This value can be measured by a method invoiving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

12GT5 

12GT5A 

12GW6 

12GW6/12DQ6B 

12H6 

12HE7 

Refer to type 6GT5A. 

Refer to chart at end of section. 

Refer to chart at end of flection. 

Refer to type 6GW6/6DQ6B. 

Refer to chart at end of section. 

Refer to type 38HE7. 
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H 

SHARP-CUTOFF PENTODE 12HG7 

9BF 

Neonoval type with frame grid used as video ampli­
fier in color and black-and-white television receivers. 
Outlines section, lOC; requires 9-contact neonoval 
socket. 

Heater Arrangement: 
Heate,' Voltage (ac/de) .......................... .. 
Heater Current ...................................• 
Heater-Cathode Voltage: 

Series 
12.& 
0'.26 

Peak value ............................... ' ........... ' ...... .. 
Average value .............................................. . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .........................................•• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ...........................................• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..............................................•.••• 
Grid-No.2 (Screen-Grid) Supply Voltage .........................• 
Grid-No.2 Voltage ....................................•......•••• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............• 
Plate Dissipation ...............................................• 
Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts .......................• 
For Grid-No.2 voltages between 165 and 330' volts ..........••• 

CHARACTERISTICS 

Parallel 
6.3 

0.52 

±200 max 
100max 

0'.15 max 

14 max 

4.4 max 

volts 
ampere 

volts 
volts 

pF 

pF 

pF 

400 volts 
330' volts 

See curve page 96 
o volts 

10 watts 

1 watt 
See curve page 96 

Plate Supply Voltage ............................................ 300' volts 
Grid No.3 (Suppressor Grid) .............................. Connected to cathode at socket 
Grid-No.2 Supply Voltage ........................................ 135 volts 
Grid No.1 .................................. Connected to negative end of cathode resistor 
Cathode Resistor ................................................ 47 ohms 
Plate Resistance (Approx.) . " ....................... , ... :. . . . . . . . 600()0 ohms 
Transconductance ................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320'00 pmhos 
Plate CUrl'ent ................................................... 81 mA 
Grid-No.2 Current ............................................... 4.8 mA 
Grid-NO.1 Voltage (Approx.) for plate current of 100 p,A •....••• -4.5 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

For fixed-bias operation ...................................•.• 
For cathode-bias operation ..................................• 

TYPE 12HG7 GRID-No.2 VOLTS '135 
GRID No.3 CONNECTED TO . 

CATHODE AT SOCKET.O 
VOl.1S Eel" 

G~\O~~o.1 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

megohm 
megohm 

12J5GT 

12J7GT 

12J8 
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12JB6 
12JB6A 

12JN6 
12JN8 
12JT6 

12JT6A, 

12K5 

12K7GT 

12K8 

12KL8 

12L6GT 

12Q7GT 

12R5 

12S8GT 

12SA7 
12SA7GT ' 

12SC7 i 
125F5 

12SF5GT . 

125F7 

125G7 

125H7 

12SJ7 
12SJ7GT 

125K7 
125K7GT 

12SL7GT . 

125N7GT 

125N7GTA 

125Q7 
1 25Q7GT 

125R7 
1 25R7GT 

12U7 

12V6GT 

1.2W6GT 

12X4 

12Z3 

13CW4 
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Refer to type 6JB6A. 

Refer to type 6JN6. 

Refer to type 6JN8. 

Refer to type 6JT6A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. • 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section.· 

Refer to chart at end of section .• 

Refer to chart at end of section.' 

Refer to' chart at end of section., 

Refer to chart at end of section. 

Refer to chart at end of section. 
;>~ 

Refer to type6S:L7'ir., 

Refer to chart at ~ndof section. 

Refer to typ~6SN7GTB. 

Refer to chart at (end of section. 

Refer to chart at end of section. 

Reier to chart at erid of section. 

Refer to type' 6V6. 

Refer to type, ~~gGT. 

Refer to type6X4. 

Refer to chart at end of section. 

Refer to type sew 4. 
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Refer to type 6DE7. 13DE7 
Refer to type 6DR7. 13DR7 
Refer to type 6EM7. 13EM7 
Refer to type 6FD7. 13FD7 
Refer to type 6FM7. 13FM7 
Refer to type 6GB5. 13GB5 

Refer to type 6GF7A. 13GF7 
13Gf7A 

Refer to type 6JI0. 13Jl0 

BEAM POWER TUBE- 13Vl0 Pp SHARP-CUTOFF PENTODE 
Duodecar type' used as combined FM detector and 
audio-frequency output amplifier in television re­
ceivers. The beam power unit _is used in af output 

10 G2e stages and .the pentode unit as an .. F.M detector. Out­
lines section, BC; requires duodeelll' _12-contact socket. 
Heater: volts (ac/dc), 13.2; awperes, 0.45; average 
warm-up time, 11 seconds; maximum heater-cathode H 

12EZ volts, .;±:200 peak, 100 average, 

Beam Power Unit as Class'" Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ......... : ....................................... .. 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Cathode Current .... ' ........................................... . 

~~~~N~~srn:~~n .:::::::::::::::::::::::::::: :::::: ::: ::::::: ::: 
TYPICAL OPERATION . 
Plate Voltage .................................................... . 
Grid~No.2 Voltage .............................................. .. 
Grid~No.l (Control-Grld) Voltage .............................. .. 
Peak AF Grid~o.1 Voltage ....................................•. -. 
Zero-Signru Plate Current .. ; ................................... .. 
Maximum-signal Plate Cunent .................................• 
ZercHlignal Grid.No.2 Cun"ent'" ................................. . 
Maximum-Signal Grid-No.2 Current ............................ .. 
Plate Resistance (Approx.) ' ...................................... . 
Trana"",nductance ............................................. .. 
Load .Resistance ............................................... ; ,' .. 
Total.Ha:i-mrinic .Disto'rtilln (AIlPrIIX.j" ........................ : .. . 
Maximum-SignaJ -Power OutpUt" _; ............................. .. 
MAXIMUM CIRCUIT VALUes 
Gl'id~No.l"()ircuit Resistance: ' 

For fixed-bias operation ...........•.....•.........•••.. ; ..••• 
For cathode-bias operation:, .....................•...•.••.•...• 

CHARACTER1STICS 
Pentode Unit as Class'" Amplffier 

PlateSuppIy Voltage ..•.•....•....... , ........•.........•......•• 
Grid.No.3 (Suppres.o .... Grid) Voltage' ............... , ............• 
Grid-No.2 (Screen-Grid) Supply Voltage .......................•.• 
Cathode-Bias Resistor ......................................... .. 
Plate Resistance (Approx.) .......................•......... "1;\' 
Transconductance, Grid No.1 to Plate ............................ . 
Transconductance. Grid No.3 to Plate .. , ...............•...... / .. 
Plate Curl-ent ................................................... . 
Gl'id-No.2 Current •.............................................• 
Grid-No.1 Voltage (ApPl·OX.) for plate current of 10 /LA •••..••.•• 
Grid-No.3 Voltage (Approx.) for plate current of 10 /LA •••.•••••• 

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. .. 
Grid-No.3 Voftage ...............•.......... , ......•............• 
Grid-No.2 Supply Voltage ........................................ . 

165 
150, 

65 
6.5 
1.8 

145 
125 
~6 

6 
34 
36. 

2.2 
5.5 

0.058 
6400 
3000 

7 
1.5 

0.25 
0.5 

150 
o 

100 
560 

0.15 
1000' 
400 
1.3 

2 
-4,5 
--4.5 

330 
28 

330 

volts 
volts 
mA 

watts 
watts 

volts 
volts 
volts 
volts 

rnA 
rnA 
mA 
mA 

meguhm 
/Lmhos 

ohms 
per (!ent 

watts 

megohm 
megohm 

"olts 
volts 
volts 
ohms 

megohm 
/Lmhos 
/Lmhos 

mA 
rnA, 

,'o1ts 
volts 

volts 
volts 
volts 
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Grid-No.2 Voltage .; ...••••..•••..... ; ...•.•......•.•.••....••••• See curve page 96 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value •....•....•.• o volts 
Plate Dissipation ......•..........•.•....•..............•.... 00 .. 1.7 watts 
Grid-No.2 Input: _ 

For grid-No.2 voltages up to 165 volts .... ' •...........••••••• 
For grid.No.2 voltages between,165 and 330 volts ............•• 

1.1 watts 
, See curve page 96 

14A4 

14AS 

14A7 

14AF7 

14B6 

14B8 

14BL11 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart' at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

DUAL !TRIODE­
SHARP·CUTOFF. PENTODE 

Duodecar type used in television receiver applications. 
The pentode unit is used for video amplifier service, ._. 
and the triode units for general-purpose use. Outlines GT2 3 ••• _.- ••• 

section, 8B; requires duodecar 12-contact socket. Pp 2 

Heater: volts (ac/dc), 14.2; amperes, 0.45; average 
warm-up time 11 seconds; maximum heater-cathode H 

volts, ±200 peak, 100 average. 12GC 
Class A, Amplifier 

Triode Triode Pentode 
MAXIMUM RATINGS (Design-Maximum Values) Unit No_I Unit No.2 Unit 
Plate Voltage. 00 00 00.' •• 00 00.;.00.00 00 00 00 00 00. 

Grid-No.2 (Screen-Grid) Voltage ... , ...........• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value .... o.o ••• o •• 0 •••• 0 ••• 0.0 ••••• 0 ••••••••• 

Plate Dissipation ..............................• 
Grid-No.2 Input. 00 00 00 00 00 •• 00 00.00 00. 00 •• 00 00' 

CHARACTERISTICS . 
Plate Voltage ................................•• 
Grid-No.2 Voltage .............................• 
Grid-No.1 Voltage ..•........................... 
Cathode-Bias Resistor ........................ .. 
Amplification Factor .............. , ...........• 
Plate Resistance (Approx.) ..................... . 
Transconductance ..•...........•..•....•.•....•• 
Plate Current .. 00 00. 00 .'00 00 •• , 00: 00 ... 00 00 00 00 • 

Grid-No.2 Current ........................... 00 • 

Grid-No.1 Voltage (Approx.) for plate current 
of 100 pA ... o' •••••••••••••••••• ; ••••••••••••• 

MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

330 

0 
1.5 

200 

470, 
40 

7600 
5300 

7.2 

-8 

330 250 
125 

0 0 
2.0 2.5 

1.25 

200 35 200 
100 100 

0 
270 82 

69 
12500 70000 
5500 19000 

7.1 40 16 
13 3.0 

-5.5 -5.5 

volts 
volts 

volts 
watts 
watts 

volts 
volts 
volts 
ohms 

ohms 
pmhos 

mA 
mA 

voits 

For fixed-bias operation ................... . 0.5 0.5 0.1 megohm 
Fur cathode-bias operation •................• 1.0 1.0 0.25 megohm 

0 0 volts 

DUAL TRIODE-
SHARp·CUTOFF PENTODE PTZ 14BR11 

D d t d · t 1 .. . l' t' Kr2,IS 6 uo ecar ype use In e eVISlOn receIver app Ica Ions. K G3 5 

The high-mu triode unit No. 1 is used for general- Pis ~ rl-H~1fG'\ 
purpose use, the medium-mu triode unit No. 2 for 
sync separator service, and the pentode unit for video G2p 3 _.- --- --- 10 Grl 

amplifier service. Outlines section, 8C; requires duo- II Pp 

decar 12-contact socket. Heater: volts (ac/dc), 14.2; 12 

amperes, 0.45; warm-up time, 11 seconds; maximum H 

heater-cathode volts, ±200 peak, 100 average. 12GL 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

Triode 

403 

Triode Pentode 
Unit No.1 Unit No.2 Unit 

Plate Voltage ................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ...•.•.•• 
Grid-No.2 Voltage ............................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value ........... , ........................... . 
Plate Dissipation ............................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..•.•• 
For grid-No.2 voltages between 165 and 330 

volts ................................... . 
CHARACTERISTICS 
Plate Voltage ................................. . 
Grid-No.2 Voltage ............................. . 
Grid-No.1 Voltage ............................. . 
Catbode-Bias Resistor ......................... . 
Amplification Factor .......................... . 

3aO 

0 
1.5 

200 

-2 

68 
Plate-Resistance (Approx.) ...•.........••....•• 12400 
Transconductance ............................. . 5500 
Plate Current ................................. . 7.0 
Grid-No.2 Current ............................. . '-
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ................................. . -5.5 
MAXIMUM CIRCUIT VALUES . 
Grid-No.1-Circuit Resistance: ,. 

For fixed ... bias operation .' .•••••••••••••••••• 
For cathode-bias operation •.•••.•••.•.•.••• 

Refer to ch~rt at end of section. 

Refer to chart at end of section. 

Refer to chart at end of secti<?n. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

H 

0.5 
1.0 

TWIN DIODE­
HIGH-MU TRIODE 

aao 

0 
2.0 

200 

220 
41 

9400 
4400 

9.2 ' 

-6.5 

0.5 
1.0 

35 
135 

0 

34 
13 

330 ""olts 
330 volte 

See curve page 96 

0 volts 
..0 watts 

1.1 watts 

See curve page 96 

135 
135 

100 

45000 
10400· 

1.0 
1.0 

17 
4.0 

-6 

14C5 

14C1 

14E6 

14E1 

14F1 

14Fa 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

rnA 
mA 

volts 

megohm 
megohm 

14GT8 

9KR 

Miniature type used as combined detector and af 
voltage amplifier in radio receivers. Outlines section, 
6B; requires miniature 9-contact socket. 

Heater Voltage (ac/de) ........................••................ 
Heater Current ................................................ .. 
Heater-Cathode Voltage: 

Peak value ................................................ .. 
Average value ........................................•.••.• 

Direct Intereleetrode Capacitances : 
Triode Unit: .. 

Grid to Plate ............................................... . 
Grid to Cathode and Heater ..............................•.•• 

. Plate to Cathode and Heater ................................ . 
Diode Units: 

Diode No.1 Plate to Triode Grid ........................•••••• 
Diode No.2 Plate to Triode Grid ............................• 
Either Diode Catbode to All Other Tube Electrodes ..........• 
Diode Plate to Cathode and Heater (Each Unit) ............•• 

Triode Unit as Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................. ' ................................. " 
Grid Voltage, Positive-bias value ................•........••• ; •••• '. 
Plate Dissipation ............................................... . 

14 ""olts 
0.15 ampere 

±200 max volts 
100 max "'olts 

1.8 JlF 
1.6 JlF 

0.24 pF 

0.09 max pF 
0.07 max pF 

6.5 pF 
2.' pF 

330 ""olts 
0 ""olts 

1.1 watts 



" 404 , RCA RECEIVING TUBE MANUAL 

CHARACTERISTICS, Instantaneous Value 
Plate Voltage', ....... ~ •. ' ... ' .. ' •... " .. '<0 •••••••••••••••• " •••• " •• ;. 

,,' X;:'~l~~!;ti~~ F8:~~Q;" :::.::::::"::: :.::::: ::::::::::::::::::::::::::. 
Plate Resistance (~pprox~t ...•...•.•.•....•.•.•.......•........ , 

~l::cctie~:~n~~ .. : : :~':':':.': ~.; .. ~ ;:.;.:.:: :.: :':'~:: ~:::::: : :::: :.~:::::::::: 
. '.', , ',,~ 'Dil'!d~ Units (each unit) 

MAXIMUM RATINGS (Qe$itro-MaxirTIum Values) 
Plate Current, .", c., ... , •• · .. " ... '; .. ,'.w •• :. ":,' .' •••••••• , ............... ". 

CHARACTERISTICS. Instantaneous Value 
Tube Voltage Drop for plate "urrent of 18 mA ".. . ......... " ...•• 

, 61-+-I1--+-t--t/'-x-/'t-i'-li'---[ 

~" 51--+-+-f­
~:" 
~41--I--+--
:1'-'. 
j~I---+_-J 

UI 

l« 21---+-+--/''1-70<-+.;.0--;1''-,,''1-7'' 
~ 

PLATE VOLTS 92CS-10635T 

250 
-3 
,72 

72000 
1000 

0.1 

5 

14H7 
14J7 

Refer to chart at ~nd of section. 

Refer to chart at end of section. 

14JG8 TWIN DIODE­
HIGH-MU TRIODE 

H 

Miniature type used as combined FM detector and af 
voltage amplifier. Outlines section, 6B; requires minia­
ture 9-contact socket. Heater: volts (ac/dc), 14; am­
peres, 0.15; maximum heater-cathode volts, ±200 peak, 
100 average. 9KR 

T,riode Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................... . 
Grid No.1 (Control·Grid) Voltage: 

Positive-bias value .............•.....•....................•. 
Negative-bias value ........................................ . 

Plate Dissipation ................•..•............................ 
CHARACTERISTICS 
Plate Voltage ........... " ...................................... . 
Grid Voltage ................................................... . 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) . ' .................................... , 
Transconductance .............................................. . 
Plate Current ..........................................•......•• 

Diode Units 
MAXIMUM RATINGS ([)esign-Maximum Values) 
Plate Current (Each Unit) ..................................... . 

330 

o 
-50 

1.1 

250 
-2 

90 
41000 

2200 
2 

14N7 
14Q7 
14R7 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

volts rolts 

,ollms 
"nihos mA 

. rnA 

volts 

volts 

volts 
volts 

watts 

volts 
volts 

ohms 
"mhos 

rnA 

rnA 



TECHNICAL DATA 

Refer to chart at end· of section. 

Refer to type 6AFll. 

Refer to type 6BDll. 

Refer to type 6CW5. 

15 

15AFll 

15BD11 

15CW5 

405 

15CW5/PL84 

POz HIGH-MU TRIODE lS0Q8 
" SHARP-CUTOFF PENTODE 

7 PTR Miniature type used in color and black-and-white tele­
vision receiver applications. The triode unit is used as 
a sync-separator, sync-amplifier,keyed-agc, or noise­
suppressor tube. The pentode unit is used as a video­
output tube. Outlines section, 6E; l'equires miniature 

9HZ 9-contact socket. . 
Heater Voltage (ac/dc) ........................................ . 
Heater CUl'l'ent ................................................. . 
Peak Heater-Cathode Voltage ............................... ; •.•• 

Class A, Amplifier 

1.5 
0.3 

±200 mnx 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Supply Voltage............................. 550 550 
Peak Plate Voltage, with maximum plate current of 

0.1 mAo .....................................• 
Plate Voltage ................................... .. 
Grid-No.2 (Screen-Grid) Supply Voltage ...........• 
Grid-No.2 Voltage ............................... .. 
Cathode Current ..................................• 
Plate Dissipation ................................. . 
Grid-No.2 Input .................................. . 

600 
250 

12 
1 

250 
550 
250 

40 
4 

1.7 

CHARACTERISTICS 
Triode 
Unit 
200 

Pentode Unit 
Plate Voltage ..................... .. 170 200 
Grid-No.2 Voltage .................. . 170 200 
Grid-No.1 Voltage ................... -1.7 -2.1 -2.9 
Amplification Factor ................ 65 
Mu-Factor, Grid-No.2 to Gl'id-No.l .... 36 36 
Plate Resistance (Approx.) .......... 0.1 0.13 
Transconductance .. . . . . . . . . . . . . . . . . . 4000 11000 10400 
Plate Current ......................• 3 18 18 
Grid-No.2 Current '" . . . . . . . . . . . . . . . . . 3 3 

TYPICAL OPERATION OF PENTODE UNIT AS VIDEO OUTPUT TUBE 
Plate Supply Voltage .......................... 170 200 
Series Plate Resistor ........................... 3000 3000 
Grid-No.2 Voltage.............................. 170 200 
Gl·id-No.l Voltage.............................. -2 -2.8 
Transconductance .............................. 10400 10000 
Plate Current ........................•......... 18 18 
Grid-No.2 Current ..........................•.• 3.2 3.1 

200 
220 

-3.4 

36 
0.15 

10000 
18 

3 

220 
3000 

220 
-3.3 
9700 

18 
3.1 

MAXIMUM CIRCUIT VALUES 
G,·id-No.l-Circnit Resistance: Triode Unit Pentode Unit 

,-oltB 
ampere 

volts 

volts 

volts 
volts 
volts 
volts 

mA 
watts 
watts 

volts 
volts 
volts 

megohm 
/Lmhos 

mA 
rnA 

volts 
ohms 
volts 
volts 

Ilmhos 
mA 
mA 

For fixed-bias operation ...................... . 1 1 megohm 
For cathode-bias operation .................... . 3 2 megohms 

• With maximum duty factor of 0.18 and maximum pulse duration of 18 micl·oseconds. 

Refer to type 6FM7. 15FM7 

Refer to type 6FY7. 15FY7 

Refer to type 6HB6. 15HB6 

Refer to type 6KY8A. 15KY8 
UKY8A 

Refer to type 6LE8. 15LE8 
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16A8 HIGH-MU TRIODE 
POWER PENTODE 

Miniature type used in television receiver applications. 
The triode unit is used as a vertical oscillator or as an 
af amplifier, and the pentode unit is used as a vertical 

H 

output tube or as· an audio output tube. Outlines sec- Kp,;G3P 2 

tion, 6G; requires 9-contact socket. Heater: volts (acl _,---'..1""' 

dc), 16; amperes, 0.3; maximum heater-cathode volts, 
±200. 9EX 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-MaxinlUm Values) Triode Unit Pentode Unit 
Plate Supply Yoltage ..•..........•....•.•......••• 550 550· 
Peak Plate Voltage- ......•...•.•.•..............•• 600 2500 
Plate Voltage ..................................... 250 250 
Peak Inverse Plate Voltage........................ fWO 
Grid-No.2 (Screen-Grid) Supply Voltage ..........• 550 
Grid-No.2 Voltage ................................. 250 
Cathode Current ................................... 15 50 
Plate Dissipation (Frame Output) ................•• 5 
Plate Dissipation (Audio Output) ...•............•• 7 
Grid-No.2 Inlmt .......•........•................•• 1.8 
Peak Grid-No.2 Input ............................. 3.2 
CHARACTERISTICS 

Plate Voltage ..................... .. 
Grid-No.2 Voltage ................. .. 
Grid-No.1 Voltage ....•.............• 
Amplification Factor ............... . 
Mu Factor. Grid No.2 to Grid No.1 
Plate Resistance .................... . 
Transconductance .................•. 
Plate Current ....•.................. 
Grid-No.2 Current .................. . 
MAXIMUM CIRCUIT VALUES 
Gdd-No.l-Circuit Resistance: 

FO"f fixed-bias operation ........... . 
For cathode-bias operation ..... . 

Triode 
Unit 
100 

o 
70 

2500 
3.5 

1 
3 

Pentode Unit 
100 170 200 
100 170 200 

-6.0 -11.5 -12.5 

10 
15000 
6800 

26 
5.0 

9.5 
16000 
7500 

41 
8.0 

9.5 
20500 
6800 

35 
6.5 

1 
2 

200 
200 

-16 

9.5 
20000 
6400 

36 
7.0 

volts 
volts 
volts 
volts 
volts 
volts 
mA 

watts 
watts 
watts 
watts 

volts 
volts 
volts 

. ohms 
",mhos 

mA 
rnA 

megohm 
megohms 

- With a maximum duty factor of 0.04 and maximum pulse duration of 0.8 milHseconds. 

16AQ3 
16AQ3/ 

XY88 
DIODE 

Miniature types used as booster diodes in line-time­

H 

base circuits of transformerless television receivers. 
Outlines section, 7D; require miniature 9-contact socket. 
(ac/dc), 16.4; .amperes, 0.6; maximum heater-cathode volts, 
MAXIMUM RATINGS (Design-Center Values) 

9ca 
Heater: volts 
6600 peak. 

Supply Voltage ",t zero current .................................. . 
Supply Voltage ................................................. . 
Peak Plate Current ............................................. . 
Average Plate Current .......................................... . 
PI",te Dissipation ............................................... . 
Peak Negative-Pulse Plate Voltage· ................... : ... , ..... . 

550 
250 
550 
220 

5 
-6000# 

• Under no conditions should an absolute maximum value of 7500 volts he exceeded. 

volts 
volts 

mA 
mA 

watts 
volts 

"" The pulseduratioD must not exceed ~2 per cent of a cycle. or a maximum of 18 microseconds. 



TECHNICAL DATA 

Ie 

Refer to type 6GK6. 
Refer to type 6GY5. 
Refer to type 6AX3. 

Refer to chart at end of section~ 
Refer to type 6AX4GTB .. 

Refer to type 6A Y3B. 

Refer to type 6BE3. 
Refer to type 6BFll. 

Refer to type 6B~3A. 

Refer to type 6BQ6GTB/6CU6. 

Refer to type 6BS3A. 

HALF-WAVE 
VACUUM RECTIFIER 

16GK6 
16GY5 
17AX3 

17AX4GT 
17AX4GTA 

17AY3 
17AY3A 
17BE3 
17BFll 
17BH3 

17BH3A 
17BQ6GTB 

17B53 
17B53A 

178Z3 

407 

Duodecar type used as damper tube in horizontal­
deflection circuits of television receivers. Outlines 

12FX section, 8D; requires duodecar 12-contact socket. 
Heatel'Voltage (aeldc) ' .. , .. , ................................ ' .. 
Heater Current .......................... " ..................... , 
Heater Warm-up Time (Average) ............................... . 
Direct lnterelectrode Capacitances (ApPl·OX.): 

Cathode to Heater and Plate ............................... .. 
Plate to Cathode and Heater ............•. , ......•..........• 
Heater to Cathode .......................................... .. 

Damper Service 
For operation in a 525-line. 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ........................... : ............. . 
Plate Dissipation ............•....................•............•• 
Heater-Cathode Voltage: 

Peak value .................................... +900 
Average value................................. +100 

CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA .................. . 

16.8 volts 
0.45 ampere 

11 seconds 

11 pF 
8.5 pF 
3.4 pF 

4500 volts 
1200 rnA 
200 rnA 
6.5 watts 

-4500 volts 
-300 volts 

21 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to type 50C5. 
Refer to type 6C9. 

Refer to type 6CK3. 
Refer to type6CU5. 
Refer to type 6DA4. 
Refer to type 6DE4. 

Refer to chart at end of section. 
Refer to type 6DM4A. 

Refer to chart at end "of . section. 
Refer to . type 6DQ6B. 

17C5 
17C9 

17CK3 
17CU5 
17D4 
17DE4 
17DM4 

17DM4A 
17DQ6A 
17PQ6B 
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17EW8 HIGH-MU TWIN TRIODE 
Miuiature types used in rf-amplifier and oscillator­
mixer circuits in FM and AM radio receivers. Outlines 

H 

section, 6B; require miniature.9-contact socket. 9AJ 
Heater Voltage .... : ...........................................•• 
Heater Current .........................•.....................•.• 
Peak Heater-Cathode Voltage : ..................................• 
Direct Intereleetrode Capacitances : 

Plate to Grid (Each Unit) .................................. . 
Plate to Cathode (Each Unit) ...............................• 
Plate. to Cathode, Heater, and Internal Shield (Each Unit) ...• 
Grid to Cathode, Heater, and Internal Shield (Each Unit) ... . 
Plate of Unit No.1 to Plate of Unit No.2 ................... . 
Grill of .Unit No.1 to. Grid. of. Unit No.2 .....................• 
Plate of Unit No.1 to Grid of Unit No.2 ....................• 
Plate of Unit No.2 to Grid of Unit No.1 ...........•......... 
Plate of Unit No.1 to Cathode of Unit No.2 .........••......• 
Plate of Unit No.2 to Cathode of Unit No.1 ............•..... 
Grid of Unit No.1 to Triode of Unit No.2 .........•.......... 
Grid of Unit No.2 to Triode of Unit No.1 ................... _ 

Class Al Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................•• _ . 
Grid-Voltage, Negative-bias Value ............................. . 
Cathode Current ................................................ . 
Plate Dissipation .............................................. .. 
CHARACTERISTICS 
Plate Voltage .................................• 
Grid Voltage .................................. . 
Amplification Factor ..........•................• 
Transconductance ............................•• 
Plate Current ................................•• 
MAXIMUM CIRCUIT VALUE 

100 
-1.1* 

50 
4600 

4.5 

170 
-1.5 

50 
6200 

10 

Grid-Circuit Resistance ......................................•...• 

* Should not he used if grid current is not permissible. 

Refer to type 6GE5. 

17.5 volts 
0.15 ampere 
±90 max volts 

1.5 pF 
0.18 pF 
1.2 pF 

3 pF 
0.04 max pF 

0.003 max pF 
0.008 max pF 
0.008 max pF 
0.008 max pF 
0.008 max pF 
0.003 max pF 
0.003 max pF 

250 volts 
-100 volts 

15 rnA 
2.5 watts 

200 volts 
-2.1 volts 

48 
5800 IImhos 

10 mA 

1 megohm 

17GE5 

17GJ5 

17GJ5A 

17GT5 
17GT5A 

Refer to chart at end of section. 

17GV5 
17GW6/17DQ6B 

T7H3 
17JB6 

17JB6A 
17JG6 

17JG6A 
17JM6 

17JM6A 
l7JN6 \ .. 
ltJT6 
ltJT~A 

Refer to type 6GJ5A. 

Refer to type 6GT5A. 

Refer to type 6GV5. 
Refer to type 6GW6/6DQ6B. 

Refer to chart at end of section. 

Refer to. type 6JB6A. 
., 

Refer to chart at end of section. 
R~fer to type 6JG~A. 

Refer. to type6JM6A. 

Refer to type 6JN6. ~ 

Ref~r,to tipe 6JT6A.. 



TECHNICAL DATA 

Refer to type 6JZ8. 

Refer to chart at end of section. 

17JZ8 

17LD8 

409 

PENTODE­
BEAM POWER TUBE 17Xl0 

Duodecar type used in television receiver applications. 
The pentode unit is used as a power-output tube, and 

12BT 

10 He the beam power unit is used for limiter and discrim­
inator applications. Outlines section, 8e; requires 
duodecar 12-contact socket. Heater: volts, 16.8; am­
peres, 0.45; average warm-up time, 11 seconds; max­
imum heater-cathode volts; ±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM' RATINGS' ·(Design·Maximum, Values),. Beam Power l1nn-·· Pentode l1nit· 
Plate Voltage.,', .................................... 161> . 380 volts 
Grid-No.2' (Screen-Grid) Voltage·' :: ........ ,....... 150 .110 volts 
Grid-No.1 (Control-Grid) Voltage. Peak positive value 60 volts 
Cathode Current .................................• 61> 13 mA 
Plate Dissipation .................................. 6.1> watts 
Grid-No.2 Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 1.8 -;--- watts 
CHARACTERISTICS Beam Power l1nit 
Plate Voltage .................................................. 145 
Grid-No.2 Voltage .............................................. 110 
Grid-No.1 Voltage .............................................. 6 
Peak AF Grid Voltage .......................................... . 6 
Plate Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30000 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. .. 8600 
Zero-Signal Plate Current ...................................... 36 
Maximum-Signal Plate Current ................. ~ . . . . . . . . . . . . . • 40 
Zero-Signal Grid-No.2 Current .. ' .... ' ... ''.................. 3 
Maximum-Signal Grid-No.2 Current ..........................•.. 9 
Load Resistance ................................................ 3000 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation .................................. . 

0.25 
0.5 

volts 
volts 
volts 
volts 
ohms 

"mhos 
mA 
mA 
mA 
mA 

ohms 

megohm 
megohm 

Refer to chart at end of section. 

Refer to chart at end of section. 

18AS 

18FW6 

tI Ga 
3& 

2 7 REMOTE-CUTOFF PENTODE 18FW6A ~
tl4 sP 

G3 K 
1$ I 

GI 

7CC 

Miniature type used as rf- and if-amplifier tube in 
ac{dc radio receivers. Outlines section, 5C; requires 
miniature 7-contact socket. 

Heater Voltage ...........................................•.•••• 
Heater Current ...............................................•• 
Heater Warm-up Time (Average) ....... : ......................• 
Peak Heater-Cathode Voltage ................................... . 
Direct Intereleetrode Capacitances : 

Grid No.1 to Plate ............. ' .... ' ......... ' ................• 
Grid No.1 to Cathode. Heater •. Grid No.2. and Grid No.3 ......• 
Plate. to Cathode. 'J{eater. Grid No.2, and Grid No.3 .......•• ;. 

Class At Amplifier 
MAXIMUM HAnNGS (DesIgn-Maximum Values) 
P,late Voltage ..................... : .... '.~ ......................... ""-" 
Grid-No.2 (S'creen,.Gr,d) Supply Voltage ....................... ____ •• 
Grld-N.o.2. '\Toltage- ............... " ...................... ; ........... ~ ... 
Grid-No.1' (ColI.tro~-Grid) Voltage, Positive-bias value ............. , 

~"''''" ,':--. . -

18 
0.1 
20 

±100max 

0.0035 max 
6.5 

Ii. 

volts 
ampere 

. seconds 
volts 

pF 
pF 

160 volts 
150 . volts 

"See curve page 96 
o vO,lts 
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Plate Dissipation .•.• , .... ., ....................... ., ........... . 
Grid-No.2 Input:. 

2.5 watts 

For grid-No.2 voltages up to 75 volts ., ..................... . 
For grid-No.2 voltages between 75 and lliO volts ...... ~ .••• , •• 

0.6 watt 
See curve page 96 

CHARACTERISTICS 
Plate Supply Voltage ...................... '. . . . . . . . . . . . . . . . . . . . . . 100 volts 
Grid No.3 ........................... : ... : ................ ,. Connected to cathode at socket 
Grid-No.2 Supply Voltage ............................. ,.......... 100 .volts 
Cathode-Bias Resistor ....... , . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 68 ohms 
Plate Resistance (Approx.) ~ .. , .............................. ,' ..• ; 0.25 megohm 
Tl'lLnSConductance .......... • .. . .. . . .. . . . . . . . . . ... . . . . . .. . . .... . . . • • 4400' j£mhos 
Plate Current ............. , ........... ;.......................... 11 mA 
Grid-No.2 Current .. , ........................................... :.. 4.4 rnA 
Grid-No.1 Voltage (Approx.) for transconducta~ce of 25 j£mhos .... -20 volts 

18FX6 Refer to chart at end of section. 

18FX6A PENTAGRID CONVERTER 

Miniature type used for converter applications in 
ac/dc radio receivers. Outlines section, 5C; requires 
miniature 7-contact socket. Heater: volts (ac/dc), 18; 
amperes, 0.1; warm-up time (average), 20 seconds; 
maximum heater-cathode volts, ±100 peak. 

Converter 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............ ~ .............. , ...........•..••..••••• 
Grids-No.2-and-NoA (Screen-Grid) Supply Voltage .............. .'. 
Grids-No.2-and-No.4 Voltage ....•...................... , ........• 
Grids-No.2-and-No.4 Input ............................ ' ......... .. 
Plate Dissipation ........... : ......... , ..........................• 
TPYICAL OPERATION (Separate Excitation)* 
Plate Voltage ............. , ........ , .......................... .. 
Grids-No.2-and-No.4 (Screen~Grid) Voltage ....... : .............. . 
Grid-No.3 (Control-Grid) Voltage ... ' ................ ; ............• 
Grid-No.1 (Oscillato .... Grid) Resistor ............................. . 
Plate Resistance (Approx.) ..................................... .. 
Conversion Transconductance ................................... .. 
Plate Current ................................................... . 
Grids-No.2-and-No.4 Current ..................................... . 

~~~iN~;';h~d:C~~~;"i':: :::::::::::::::::::::::::::::::::::::: ::: 
Grid-No.3 Voltage (Approx.) for conversion transconductance of 

10 j£mhos .................................................... . 

150 
150 
110 
1.2 

1 

100 
100 

-1.5 
20000 

0.4 
480 
2.3 
6.2 
0.5 

9 

-21 

7CH 

volts 
volts 
volts 

watts 
watt 

volts 
volts 
volts 
ohms 

megohm 
I'rnhos 

mA 
mA 
mA 
mA 

volts 

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately 7000 I'mhos under the following conditions: grids No.1 and 
No.3 at 0 volts; grids No.2 and No.4 and plate at 100 volts. Under the same conditions, the 
plate current is 24 j£A, and the amplification factor is 22. 
* The characteristics shown with separate excitation correspond very closely with those ob­
tained in a self-excited oscillator circuit operating with zero bias. 

18FY6 Refer to chart at end of section. 

18FY6A TWIN DIODE­
HIGH-MU TRIODE 

Miniature type used as combined detector, amplifier, 
and avc tube in compact ac/dc radio receiv~rs. Out­
lines section, 5C; requires miniature 7-contact socket. 
Heater: volts (ac/d~), 18; amperes, 0.1; warm-up time 
(average), 20 seconds; maximum heater-cathode volts, 
±100 peak. . . 

Triode Unit as Class A" Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................ : ............. ;'; ........ ;' .......... . 
Grid Voltage, Positive-bias .yalue· ..•.....•..........•.•....... :;.,. 
Plate Dissipation ........ _ ...• ' .•••••••••••••••••..• , ............. ; 

150 
o 

0.5 

volts 
volts 
watt 



TECHNICAL DATA 

CHARACTERISTICS 
Plate Voltage ..............•....•............•......••.........• 
Grid Voltage ................................................... . 
Amplification Factor ......................................•..... 
Plate Resistance (Approx.) ............................... : ...... . 
Transconductance .............................................. . 
Plate Current .................................................•• 

Diode Units (Each Unit) 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate CUrI'ent .................................................•• 

SHARP-CUTOFF PENTOOE 

100 
-1 
100 

77000 
1300 

0.6 

1 

411 

volts 
volt 

ohms 
pmhos 

mA 

rnA 

18GD6A 
Miniature type used in the if, rf, and converter stages 
of acldc AM radio receivers. Outlines section, 5C; 
requires miniature 7 -contact socket. 

Heater Voltage (aelde) ......................................... . 
Heater CUI'rent ................................................ . 
Warm.up Time (Average) ...................................... . 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances ,. 

Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ...... : .................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3 and Internal 

Shield .... ,' .............................................. . 

18 
0.1 
20 

±100max 

0.0035 

6.0 

5.0 

volts 
ampere 
seconds 

volts 

pF 

pF 

pF 

• Values are same without external shield, or with external shield connected to cathode. 

Class A, Amplifier 
C.HARACTERISTICS 
Plate. Supply Voltage ............................................ 100 volts 
Grid No.3 (Suppressor Grid) .............................. Connected to cathode at socket 
Grid·No.2 (Screen·Grid) Voltage ................................. 100 volts 
Cathode-Bias Resistor ........................................... 150 ohms 
Plate Resistance (Approx.) ...................................... 0.5 megohm 
Transconductance ................................................ 4300 pmhos 
Plate Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 rnA 
Grid·No.2 Current ............................................... 2 rnA 
Grid·No.1 Voltage (Approx.) for plate current of 10 pA .........• -4.7 volts 

RF Amplifier and Converter 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .... , ............................................. . 
Gr;d~No.2 Supply Voltage ....................................... . 
Grid-No.2 Voltage .............................................. . 
Plate Dissipation .................................. __ ........... . 
Grid-No.2 Input, 

For grid·No.2 voltages up to 75 volts ........................ . 
For grid.No.2 voltages between 75 and 15,0 volts ............•• 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

150 volts 
150 volts 

See curve page 96 
2.5 watts 

0.6 watt 
See curve page 96 

19 

19AU4 
K~5P 

2 7 
IC H 

I 8 
Ie H 

4CG 

Glass octal type used as damper diode in horizontal­
deflection circuits of black-and-white television l'e­
ceivers. Outlines section, 13G; requires octal socket. 
This type may be supplied with pin i omitted. Socket 
terminals 1, 2, 4, and 6 should not be used as tie 
points. This tube, like other power-handling tubes, 
should be adequately ventilated. 

Heater Voltage (ac/de) .........................................• 
Heater Current : .......................................... . 
Heater Warm·up Time ..........................................• 

18.9 
0.6 
11 

volts 
ampere 
seconds 
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Direct InterelectrOde Capacitances: 
Plate to 'Heater and Catb(Jde ........... ; .............. ,.;.,' ...... . 
C~thode to :lIeater a1)d Plate ' .• ' , ..... ~' •..... ; ................... .. 
H'"eater to Caihoae· "10 0 ....... ,,-.:." ••• "."' ,"t • 0"' ••• ~ ' .•••• , ~ .... · •• 4~ ...... 'II.~'" ;. 

. . . Damper SerVice-. 
For' operation in a 525-1i~,30-trame8~ftl 

MAXIMUM ltATrNGS (l>esign'Center Values) '-
Peak Jnverse "Plate Voltage# .....................••.••...•.•••••• 
Peak 'Plate . Current .•...••.•••.•. , .............. ' ...........•.• ,. ; •• 
Average Plate Current ........................................... .. 
Plate Dissipation ........ ; ...................................... .. 
Heater-Cathode Voltage! . 

8.5 
11.5 , 

.4500' . 
1050 
'175 

6 

pF 
pF 
pF 

volts 
mA 
iliA 

watts 

'Peak value .................................... ++3. l~O' -4500 volts 
.Average value ............................... '.' . . v --900 volts 

# Pulse duration must :IIot exceed 15% of a horizontal lIcanni~gcyele (t'O lliieroseconds) • 
• Under noeircumstances should this absolute value be exceeded. 

19AU4GTA Refer to chart at end of section. 

19BG6G 
Refer to chart at end of section. 19BG6GA 

19CL8A Refer to type 6CL8A. 

19EA8 Refer to type 6.EA8. 

19EZa Refer ~ type 6EZ8. 

19GQ7 Refer to type 6GQ7. 

19HR6 Refer to type 6HR6. 

19H56 Refer to type 6HS6. 

19HV8 HIGH·MU TRIODE-
SHARP·CUTOFF PENTODE 

Pr '2 

Miniature type used as if-amplifier and af voltage­
amplifier tube in radio receivers. Outlines section, 6B; 

H 

requires miniature 9-contact socket. 9FA 
Heater Voltage (ac/de) ......................................... . 
Heater Current .............. _ ................................. . 

18.9 
0.16 

Heater-Cathode Voltage: 
Peak value ............. , .................................. .. ±200max 
Average value .............................................. . 100 max 

Direct Interelectrode Capacitances: Unshielded Shielded 
Pentode Unit: 

Grid No.1 to Plate ............................. 0.016 0.007 
Grid No.1 to Cathode. Heater, Grid No.2. 

Grid No.3, and Internal Shield ............... 6.5 0.5 
Plate to Cathode. Heater. Grid No.2, 

Grid No.3. and Internal Shield .............. 2.4 3.4 
Heater to Cathode ............................. 2.8 2.8 

Triode Unit: 
Grid to Plate ........... :....................... 0.9 0.9 
Grid to Cathode. Cathode of Pentode Unit, 

Heater, Grid No.3. and Internal Shield .....• 1.7 1.9 
Plate to Cathode, Cathode of Pentode Unit, 

Heater. Grid No.3, and Internal Shield ...... 1.7 2.6 
Heater to Cathode ............................. .. 2.8 2.8 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ................................... o. 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation •.......•........... 0 ••••• 0 0 0 0" ; • _ 

330 
See CUl've page 96 

o 0 
0.55 3 

volts 
ampere 

volts 
volts 

pF 

pF 

pF 
pF 

pF 

llF 

pF 
llF 

volts 
volt. 

volts 
watts 
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. Grid-No.2 Input: 
-For grid-No.2 voltages up to 166 yolts .......•.. 
lj:or grid-No.2 voltages between 1"6ll and. 330 volts 

CHARACTERISTICS 
Plate Voltage ...... "'JO!"'~~'''''''!'OI'*'' •• '"''' ,;, • _ ........... ', •• 
Grid-No.2 .voltage ... or ...... " •••• " ••.•• ,.;.; •. , •••••••••• 
Grid-No.1 Voltage .......... ' ....................... . 
Amplifieation Faetor .............•................. 
Flate Resistance (Approx.) ...................... .. 
Transconductance ................................. . 
Plate Current .......... : ......................... . 
Grid-No.2 Current ................................. . 
Grid-No.1 Voltage (ApproK.) for plate current of 

50 uA ..........................................• 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A ...........................•..........•..•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias operation .................... . 

Refer to chart at end of section. 

Refer to type 6JN8. 

100 

":"'1 
70 

540.00 
1300 

0.8 

-1.5 

0.5 
1 

MEDI'UM-MU TRIODE­
SHARP-CUTOFF PENTODE 

0.65 
See cur.ve p~ge ~6 

125 
125 
~1 

200000 
6500 

12 
4 

-9 

0.213 
1 

19J6 

19JN8 

413 

watt 

'Volts 
! volts 
,'volt 

ohms 
p.mho.. 

mA 
mA 

volts 

volts 

megohm 
megohm 

19KG8 

9LY 

Miniature type used as combined oscillator and mixer. 
Outlines section, 6B; requires miniature 9-contact 
socket. Heater: volts (ac/dc), 18.9; amperes, 0.15; 
maximum heater-cathode volts, ±200 peak, 100 
average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 

300 Plate Voltage ............. '. . . . . . . . . . . . . . . . . . . . . . . 300 
Grid No.2 (Screen-Grid) Supply Voltage ......... . 
Grid No.2 Voltage ............................... . 
Grid No.1 (Control-Gl'id) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid No.2 Input: 

For grid-No.2 voltages up to 150 volts ....... . 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 
Plate Voltage ................... ' ................ . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Amplification Factor " .......................... . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Gl'id-No.2 Current ................................ . 
Grid-No.1 Voltage (Appl'ox.) for plate current 

of 10 p.A ....................................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..................... .. 
For cathode-bias operation ...................• 

Refer to chart at end of section. 

Refer to type 6X8. 

Refer to chart at end of section. 

Refer to c'b,art at end of section. 

o 
2.5 

125 

-1.0 
46 

5400 
8500 
13.5 

-8 

2.2 
2.2 

300 
See curve page 96 

o 
2.5 

0.55 
See curve page 96 

125 
125 

-1.0 

200000 
7500 

12 
4.0 

-8 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volts 

ohms 
p.mhos 

mA 
mA 

volt" 

2.2 
2.2 

megohms 
megohm~ 

1918 

19X8 

20 

20EQ7 
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20EZ7 HIGH-MU TWIN TRIODE 

Miniature type used in high-gain, resistance-coupled, 
low-level audio amplifiers such as preamplifiers for 
stereo phonographs. Outlines section, 6B; requires, 
miniature 9-contact socket. For typical operation, as 
resistance-coupled amplifier, refer to Resistance-Coupled 
Amplifier section. ' 
Heater Voltage (ae/de) ....................................... '. 
Heater Current .................................................• 
Heater Warm-up 'rime (Average) ............................... . 
Heater-Cathode Voltage: .. 

Peak value ..... , .......................................... :. 
Average value .. , .......... , .............................. , .. 

9PG 
20 

0.1 
20 

±200 max 
100 max 

Direct Interelectrode Capacitances: Unit No.1 Unit No.2 
Grid to Plate '.,.,"",.,...................... 1.5 
Grid to Cathode and Heater .................... 1.6 
Plate to Cathode and Heater ............... :... 0.2 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) . / 
Plate Voltage ............... , ................................... . 
Grid Voltage: 

N ega tive-bias value, ......................................... . 
Positive-bias value ...•.....................................• 

Plate Dissipation .. 0,' .......................................... .. 

CHARAIlTERISTICS 
Plate Voltage .................................... . 
Grid Voltage".,., .................. ' ............ . 
Amplification Factor ., ......................••.•••• 

100 
-1 
10,0 

1.5 
1.6 
0.3 

330 

-55 
0 

1.2 

250 
-2 
100 

Plate Resistance (Approx.) ....................... . 80000 
1250 

0.5 

62500 
Transconductance ................................•. 
Plate Current ....................... , ............ . 

TYPE 20EZ7 

:3 
II: 

~ 
~ 41--+-+-­
:3 
;i3 -1---,'-----._ 5.0 

w 
!ci2 
it. 

92CS-I0804T 

1600 
1.2 

21EX6 Refer to chart at end of sectic;m. 

21GY5 Refer to type 6GY5. 

21HB5 Refer to type 6HB5. 

21HJ5 Refer to type 6HJ5. 

21JV6 Refer to type 33JV6. 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 

volt. 
volts 

watts 

volts 
volts 

ohms 
/Lmhos 

rnA 
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BEAM POWER TUBE 21JZ6 

12GD 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines seetion, 15C; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 21: 
amperes, 0.45; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 aver­
age. 

Class Al Amplifier 
CHARACTERISTICS 

° Triode4 
Connedion 

130 
Pentode Connedlp~ 

Plate Voltage ..................... . 5000 50 130 
Grid No.3 (Suppressor Grid) ....... , Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage ... . 130 130 130 
Grid-No.1 (Control-Grid) Voltage ...• 
Amplification Factor ...............• 

-20 
4.8 

o -20 

Plate Resistance (Approx.) ......... . 9900 
9000 Transconductance ...................• 

Plate Current .....................• 450 46 
Grid-No.2 Current .................. . 29 1.8 
Grid-No.1 Voltage (Approx.) for plate 

current of 1.0 mA ....•......... -64 -32 

.. Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation In a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ......................................... . 
Peak Positive-Pulse Plate Voltage# ........................•..•. 
Peak Negative-Pulse Plate Voltage ...........................• 
DC Grid-No.3 Voltage, Positive-bias value ..................... , 
Grid-No.2 Voltage ............................................. . 
DC Grid-No.1 Voltage, Negative-bias value ................ .' ....• 
Peak Negative-Pulse Grid-No.1 Voltage ........................ . 
Peak Cathode Current ......................................... . 
Average Cathode Current .....................................• 
Plate Dissipation. . ............................................ . 
Grid-No.2 Input ..... 0 ......................................... . 

Bulb Temperature (At hottest point) ........................ .. 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance ............................. , .....• 

770 
6500 
1600 

70 
220 

-55 
-330 

800 
230 

18 
3.5 
220 

1.0 

.olts 

volts 
volts 

ohms 
pmhos 

mA 
mA 

volts 

.alt. 
volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·C 

megohm 

• A bias resistor or other means is required to protect the tube in absence of excitation. 
II Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

°H HIGH-MU TRIODE­
BEAM POWER TUBE 21LR8 

G2 N ovar type used in combined vertical-deflection­
s oscillator and vertical-deflection-amplifier applications 

in color and black-and-white television receivers. Out­
lines section, 17E; requires novar 9-contact socket. 
Heater: volts, 21; amperes, 0.45; average warm-up 
time, 11 seconds; maximum heater-cathode volts, 

9QT ±200 peak, 100 average. 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage ................... , •• 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ...• 
Amplification Factor ..............•• 
Plate Resistance (Approx.) ......... . 
Transconductance .................... .. 
Plate Current ..................... . 
Grid-No.2 Current ............. , ., •• 

Triode Unit 
250 

-4 
58 

14000 
4100 

2.6 

Beam Power Unit 
45 135 120 

125 120 120-
o -10 -10 

14000 
9200 

200. 51 
200. 3 

6.1> 

.olts 
volts 
volts 

ohms 
pmhos 

mA 
mA 
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Grid-No.1 Voltage: 
For plate. current of 10 p,A ....... -&.6 
For plate current of 100 p,A ...•. -28 
For plate current of 1 mA ...... -24 

• Triode connection, Grid No.2 connected to plate at socket . 

volts 
volts 
volts 

• This value can be measured by a method involving a recurrent waveform 
maximum ratings of the tube will not be exceeded. 

such that the 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame System: 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Beam Power Unit 

Plate Voltage ................................. ; .. ' 
Grid-No.2 Voltage ............................... . 
Peak Positive-Pulse Plate Voltage# .............. . 
Peak Negative-Pulse Grid-No.1 Voltage ........... . 
Peak Cathode Current ........................... . 
Averal!'e Cathode Current .......................... . 
Peak Power' Output ............................. . 

E!f~No~4ssl:~~r ... ·"":::"::::,,::,,:,,,,:,,,,:,,:::::: ::.: 
Bulb Temperature ................................•. 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

Oscillator Amplifier 
400 400 

-400 
105 

30 
2.5 
2.5 

300 
2500 

-250 
260 

75 

14 
2.75 
210 

volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 
watts 

·0 

For fixed-bias operation ...........•........•• 1.0 megohm 
For cathode-bias operation .................... 2.2 2.2 megohms 

# Pulse dUl"ation must not exceed 15% of a hori:rontal scanning cycle (10 microseconds). 
:~ A bias ,·esisto,. or other means is required to protect the tube in' absence of excitation.. 

22 
22BH3 

22BH3A 

Refer to chart at end of section. 

Refer to type 6BH3A. 
.. / 

HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used as damper tube in horizo:Qtal-de­
flection circuits of television receivers. Outlines sec­
tion,8D; requrr~s duodecar 12-contact socket. 

Heater Voltage (aeldc) ...................................... "_" 
Heater Current .................................................. .. 
Heater Wann-up 'Timl! ....................................... : ... 
Direct Intereleetrode CapaeitallceS' 

Cathode to:Heater snd Plate ............................... .. 
Plate to CathOde and 'Heater ................. " .............. . 
Heater to Cathode ..........................................• 

bamp.er Sei'yiee . 
For operation in a 525-line; lIO-frame systc!li 

MAXIMUM RATINGS (Design-Maximum Values) . 
Peak Inverse Plate Voltige# .......................... : .......... . 
Peak Plate Current .; ........................................... . 
Ayerage Plate Current .................. ; ......................•. 
iJ:~~li:~~e"V';liag~':' ........ ',' .............................. . 

Peak value .............................•...... +300 
Average value ..... , ..................... '...... +100 . 

CHARACTERISTICS. Instantaneous Value 

H 

22.4 
0.45 

11 

8.5 
6.0 
3;8 

5000 
1100 

175 
6.5 

-5000 
-900 

Ie 

12FX 

volts 
ampere 
seconds 

pF 
pF 
pF 

volts 
rnA 
mA 

'Watts 

volts 
volts 

Tube Voltage Drop for plate current of 350 mA .. . . . . . . . . . . . . . . .. 32 volts 
# Pulse duration must not exceed 15% of one horizontal seanning cycle (10 micl·oseconds). 

22DE4 
22JF6 
22JG6 

Refer to type 6DE4. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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Refer to type 6JG6A. 22JG6A 

H 

BEAM POWER TUBE 22JU6 

9QL 

N ovar type used as horizontal deflection amplifier in 
low-B+ black-and-white television receivers. Outlines 
section, 18A; requires novar 9-contact socket. 

Heater Voltage (acldc) ......................................... . 
Heater Current ................................................. . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value .............................................• 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .........................................•• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ......• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ..........• _ 

Class A, Amplifier 

22 
0.45 

11 

±200max 
100 max 

1.2 
22 

9 

Triode Pentode 
CHARACTERISTICS Connection* Connection 
Plate Voltage ................................. . 125 50 130 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
Grid No.3 (Suppressor Grid) .................. . Connected to cathode at socket 
Grid-NO.2 (Screen-Grid) Voltage ............... . 
Grid-No.1 (Control-Grid) Voltage .............. . 
Amplification Factor ........... , ............... . 
Plate Resistance (Approx.) .................... . 
Transconductance ............................. . 
Plate Current ................................. . 
Grid-No.2 Current ............................. . 
Grid-No.1 Voltage (Approx.) for plate current 

of 1 mA .................................... .. 

* Grid No.2 connected to plate • 

125 125 
-20 0 -20 

5 
18000 

7000 
470. 45 
28· 1.5 

-32 

volts 
volts 

ohms 
pmhos 

mA 
mA 

volts 

• This value can be measured by a method involving a recurrent wavefol'm such that the 
maximum ratings of tbe tube will not be exceeded. 

Horizontal-Deflection Ampl ifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ........................................ . 770 volts 
Peak Positive-Pulse Plate Voltage# ............................. . 6500 volts 
Peak Negative-Pulse Plate Voltage .............................. . -1500 volts 
DC Grid-No.3 Voltage4 .......................................... . 75 volts 
DC Grid No.2 Voltage ...........................................• 220 volts 
DC Grid-No.1 Voltage ........................................... , 
Peak Negative-Pulse Grid-No.!' Voltage ......................... . 

-55 volts 
-330 volts 

Peak Cathode Current .......................................... . 850 mA 
Average Cathode Current ....................................... . 245 mA 
Plate Dissipationt .............................................. . 
Grid-No.2 Input ................................................• 
Bulb Temperature (At hottest point) ............................. . 

17 watts 
3.5 watts 

240 ·C 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for grid-No.1-resistor-bias operation .. 2.2 megohms 

.. In this service, a positive voltage may be applied to grid No.3 to minimize Usnivets" inter­
ference; a typical value for this voltage is 30 volts. 
t A bias resistor or other means is required to protect the tube in absence of excitation. 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

NC 
DUAL TRIODE­

BEAM POWER TUBE 23Z9 
Duodecar type used in combined vertical-deflection­
oscillator and vertical-deflection-amplifier applications 
in television ·receivers. Outlines section, 8B; requires 
duodecar 12-contactsocket .. Heater: volts (ac/dc),23; 
amperes, D.45;c .. average warm-up time, 11 seconds; 
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maximum heater-cathode volts, ±200 peak, 100 average. 

Class At Amplifier 
Triode Triode 

CHARACTERISTICS Unit No.1 Unit No.2 
Plate Voltage ..................... . 160 150 
Grid-No.2 (Screen-Grid) Voltage .. ' .. 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factor ............... . 
Plate Resistance (Approx.) ......... . 

-2 -5 
43 20 

11000 8500 

Beam Power 
Unit 

45 120 
110 110 

o -8 

volts 
volts 
volts 

ohms 
Transconductance .................. . 
Plate Current ..................... . 
Grid-No.2 Current .................•. 
Grid-No.1 Voltage (Approx.) for plate 

3900 2350 
5.4 6.6 

11700 
7100 

122 46 
16.5 3.6 

JLmhos 
mA 
mA 

current of 100 p.A ........ ; .... . -25 
Glid Vol~age (Approx.) for plate 

current of 10 p.A ............... . -5.7 -11 

Vertical·Deflection Oscillator and Amplifier 
For operation in a 525.line. 30·frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................ . 
Peak Positive-Pulse Plate Voltage# .... , ...... . 
Grid·No.2 Voltage ............ ; ............ ' .. . 
Peak Negative·Pulse Grid·No.l Voltage ....... . 
Grid Voltage, Positive·bias value ...... '.' ....... . 
Plate Dissipation ............................. . 
Grid·No.2 Input ............. < •••••••••••••.••• 
Peak Cathode Current .........................• 
Average Cathode Current ..................... . 
Peak Plate Current ......................... . 
Average Plate Current .' .................... " 
MAXIMUM CIRCUIT VALUES 
Grid·No.I-Circuit Resistance: 

For fixed·bias operation 

Triode Triode 
Unit, No.1 Unit No.2 
Amplifier Oscillator 

330 250 

o 
125 

0.5 

-400 

1.0 

70 
20 

1.0 

Beam Power 
Unit 

Amplifier 
260 

2000 
200 
150 

7.0 
1.8 
245 

70 

1.0 

volts 

volts 

volts 
volts 
volts 
volts 
volts 

watts 
watts 

mA 
mA 
mA 
mA 

# Pulse duration must not exceed 16% of a horizontal scanning \ cycle (10 miel"oseeonds). 

24A 

24JE6A 

25A6 
25A6GT 

25A7GT 

25AC5GT 

25AV5GA 
25AX4GT 

25B5 
25B6G 
25B8GT 
25BK5 

25BQ6GT 
25BQ6GTB/25CU6 

25C5 
25C6G 
25CA5 

25CD6GA 
25'CD6GB 

Refer to chart at end of section. 

Refer to type 6JE6A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6A V5GA. 

Refer ty type 6AX4GTB. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of se~tion. 

Refer to type 6BQ6GTBI6CU6. 

Refer to type 50C5. 

Refer to chart at end of section. 

Refer to type 6eA5. 
Refer to chart at end of secti~m. 

Refer to type 6GD6.GA. 
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Refer to type 6BQ6GTB/6CU6. 25CU6 

BEAM POWER TUBE 2SDN6 

58T 

Glass octal type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 21; requires 
octal socket. Vertical tube mounting is preferred but 
horizontal operation is permissible if pins 1 and 3 are 
in vertical plane. 

Heater Voltage (ac/de) .........................................• 
Heater Current ........ , ........................................ . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ..................................... , ........... . 
Average value ............ . ................. . 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Voltage ...................• 
Grid-No.1 (Control-Grid) Voltage ................. . 
Mu Factor, Grid-No.2 to Grid No.1 ............... . 
Plate Resistance .................................. . 
Transcondtlctance ................................. . 
Plate Current ..................................... . 
Grid-No.2 Current ................................• 

50 
100 

o 

240-
30-

25 
0.6 
11 

±200 max 
100 max 

12~ 
125 

-18 
4.35 
4000 
9000 

70 
6.3 

volts 
amper~ 

seconds 

volts 
volt..~ 

volts 
volts 
volt" 

ohms 
/"mhos 

rnA 
rnA 

Grid-No.1 Voltage (Approx.) for plate current of 
0.5 mA .......................................... -36 volts 

- These values can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal·Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................... . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ........ . 
Peak Negative-Pulse Plate Voltage .............................. . 
DC Grid-No.2 (Screen-Grid) Voltage ............................. . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ........... . 
Peak Cathode Current .........................................• 
Average Cathode Current ....................................... . 
Plate Dissipationt .............................................•. 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ............................ . 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance .................................... . 

700 
66000 

-1500 
175 

-200 
700 
200 

15 
3 

225 

0.47 

volts 
volts 
volts 
volts 
volts 

mA 
nlA 

watts 
watts 

·C 

megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
[] Under no circumstances should this absolute value be exceeded. 
t A bias resistor or other means is requh'ed to protect the tube in absence of excitation. 

Refer to chart at end of section. 25EC6 

7CV 
Heate,- Voltage 
Heater CtH'l'ent 

Refer to type 6EH5. 25EH5 

(ac/del 

BEAM POWER TUBE 2SFSA 
Miniature type used in audio-output stage of ac/dc 
radio receivers employing series-connected heater 
strings. Outlines section, 5D; requires miniature 7-
contact socket. 

25 
0.15 

volts 
ampere 
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Heater Warm-up Time (Average) ............................. . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ., ........................................... . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ....................................•... 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .........• 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................•. 
Grid-No.2 (Screen-Grid) Voltage ........................ : ...... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input .............................................. . 
Bulb Temperature (at hottest point) ........................... . 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage .............................................. . 
Peak AF Gl·id-No.1 Voltage ................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Gl'id-No.2 Current ............................ . 
Effective Load Resistance ...................••................. 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ..............•..................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For catbode-bias operation ................................•• 

Push-Pull Class AB1 Amplifier 
MAXIMUM RATINGS (Same as for· class AB1 amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage . . .............................................. . 
Grid-No.2 Voltage ............................................. . 
Gl'id-No.1 Voltage ............................................. . 
Peak A},' Grid-No.1-to-Grid-No.1 Voltage ....................... . 
Zero-Signal Plate CUl'l'ent ..................................... . 
Maximum-Signal Plate CUl'l'ent ................................ . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................ . 
Effective Load Resistance (Plate-to-plate) ..................... . 
frotal Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ................................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ...................................• 
For cathode-bias operation ................................. . 

25L6 Refer to chart at end of 

25L6GT Refer to chart at end of 

25N6G Refer to chart at end of 

25W4GT Refer to chart at end of 

25Y5 Refer to chart at end of 

17 

±200max 
100 max 

0.44 
12 
8 

150 
130 

0 
5.5 
1.1 
220 

110 
110 

-7.5 
-7.5 
13000 

6400 
43 
45 

3.8 
7.3 

2500 
7 

1.5 

0.1 
0.5 

110 
110 
-8 
14.4 

82 
88 

7.2 
12.5 
4500 

2.6 
2.9 

0.1 
0.5 

section. 

section. 

section. 

section. 

section. 

25Z5 Refer to chart at end of section. 

25Z6 
Refer to chart at end of section. 25Z6GT 

26 Refer to chart at end of section. 

27 Refer to chart at end of section. 

27GB5/ PL500 Refer to type 6GB5. 

seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

watts 
watts 

'C 

volts 
voJts 
volts 
volts 
ohms 

,lLmhos 
rnA 
rnA 
rnA 
rnA 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
volt. 
volts 
volts 

rnA 
rnA 
rnA 
rnA 

ohms 
pe,r cent 

watts 

megohm 
megohm 
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Refer to chart at end of section. 
Refer to chart at end of section. 

Ref~r to type 6JS6. 
Refer to chart at end of section. 
Refer to chart at end Of section . 

4 5· 

H G2 
3. b 

POWER .PENTODE 

30 ' 
31 

31JS6A 
32 

32ET5 

421 

32ETSA 
• 

GI 

2 7 
G1 P 

I 
K 
G3 

7CV 

Miniature type used in audio output stage of compact 
ac!dc radio receivers, Outliues section, 5D; requires 
miniature 7-contact socket. Heater: volts (ac!dc), 32; 
amperes, 0.1; warm-up time (average), 20 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..............................................•••• 
Grid-No.2 (Screen-Grid) Voltage ...............................• 
Plate Dissipation .............................................. . 
Grid-No.2 Input .......... . ...................................• 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ...............................................•• 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-NO.1 Voltage .................................. .. 
Zero-Signal Plate CUrI'ent ..................................... . 
Zero-Signal Grid-No.2 Current ................................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output .............................•.• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................. .. 
Fot' cathode-bias operation ................................... . 

Refer to chart at end of section. 
Refer to chart at end of section. 

NC Ie DIODE-BEAM POWER TUBE 

150 
130 
5.4 
1.2 

110 
110 

-7.5 
7.5 
30 

2.8 
21.500 

5500 
2800 

10 
1.2 

0.5 
0.1 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

mA 
rnA 

ohms 
I'mhos 

ohms 
per cent 

watts 

megohm 
megohm 

32L7GT 
33 

33GT7 

12 

H 1:1 

12FC 

Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15A; requires duodecar 12-
contact socket. Heater: volts (ac!dc), 33.6; amperes, 
0.45; warm-up time, 11 seconds; maximum heater­
cathode volts, ±200 peak, 100 average. 

Beam Power Unit as Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ..................... . 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factor ...............• 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 
Plate Current ........... ; ......... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ...............• 

t Grid No.2 tied to plate. 

Pentod. Connection 
3500 60 130 

130 130 130 
o -22.5 

10000 
6500 

320 48 
22 2.9 

-60 -40 

Triodet 
Connection 

130 
130 

-22.5 
4 

volts 
volts 
volts 

ohms 
I'mhos 

mA 
rnA 

volts 
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Beam Power Unit as Horizontal"Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Ratings) 
Plate Voltage .............................. ." ................... . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.2 Voltage .............................................. . 
DC Grid-No.1 DC Voltage, Negative-bias value ................. . 
Peak Negative-Pulse Grid-No.1 Voltage ........................ . 
Average Catbode Current ...................................... . 
Peak Cathode Current ......................................... . 
Plate Dissipation- ............................................. . 
Grid-No.2 Input ............................ ." .................. . 
MAXIMUM CIRCUIT VALUE 
Grid-No. I-Circuit Resistance 

400 
3500 

o 
150 

-55 
-330 

140 
490 

9 
2.5 

1 

volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

megohm 

o A bias resistor or other means is required to pl'otect the tube in absence of excitation. 

Damper Service-Diode Unit 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 2500 volts 
Peak Plate Current ............................................ . 750 mA 
Average Plate Current ......................................... . 125 mA 
Plate Dissipation ............................................... . 3.5 watts 
Heater-Cathode Voltage: 

Peak value .... :.............................. +200 
Average value ................................ +100 

Bulb Temperature (at hottest point) ...........................• 

-2500 volts 
-400 volts 

220 ·0 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 250 mA ................ 21 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

33GY7 DIODE-BEAM POWER TUBE 

Duodecar type used as combined damper diode and 
horizontal-deflection amplifier in television receivers. 
Outlines section, 15A; requires duode.car 12-contact 
socket. Heater: volts (ac/dc), 33.6; amperes, 0.45; 
warm-up time (average), 11 seconds. 

Beam Power Unit as Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ....................•• 
Grid-No.2 (Screen-Grid) Voltage ..... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factor ...............•. 
Plate Resistance (Approx.) ........ . 
rrransconductance .. ................ . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ............... . 
" Grid No.2 tied to plate. 

Pentode Connection 
5000 60 130 

130 130 130 
o -22.5 

10000 
6500 

3200 48 
220 2.9 

-80 -40 

Triode" 
Connection 

130 
130 

-22.5 
4 

volts 
volts 
volts 

ohms 
pmhos 

mA 
mA 

volts 

o This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Beam Power Unit as Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage ........................................ . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipationt ............................................ . 

400 
5000 

o 
150 

-55 
-330 

540 
155 

9 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
rnA 

watts 
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Grid-No.2 Input ............................................... . 
Heater-Cathode Voltage: 

Peak value ...........................................•..•.• 
Average value .........................................•.•.• 

MAXIMUM CIRCUIT VALUE 

3 

±200 
100 

423· 

watts 

volts 
volts 

Grid-No.1-Circuit Resistance ................... . . . . . . . . . . . . . . . . . 1 megohm 

11 Pulse duration must not exceed 150/0 of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

Damper Service (Diode Unit) 
For operation in a 525-Iine. aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage1l ...................................• 4200 volts 
Peak Plate Current ........................................... . 810 rnA 
Average Plate Current .........................................• 135 rnA 
Plate Dissipation .............................................. . 3.8 watts 
Heater-Cathode Voltage: 

Peak value ................ , .. ,............... +200 -4200 volts 
Average value .. , ........... , .... , .. ,.,....... +100 -400 volts 

Bulb Temperature (At hottest point) .... , .... , .................• 200 'c 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 250 rnA ,................. 21 volts 

11 Pulse dUl'ation must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

NC P 

33JV6 
BEAM POWER· TUBE llJV6 

I 

H 

12FK 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. Type 21JV6 is identical 
with type 33JV6 except for heater ratings. 

Heater Voltag~ (acldc) .......................... . 
Heater Current ......... , .. , ........... , .........• 
Heatel' Warm-up Time (Average) ...............• 
Heater-Cathode Voltage: 

Peak value ...... , .... , ... ,.,., .. , ........... . 
Average vallle ............................... . 

Class A, Amplifier 
CHARACTERISTICS 

21JV6 33JV6 
21 33 

0.45 0.3 
11 11 

±200 max ±200 max 
100 max 100 max 

Triode­
Connection 

130 
Pentode Connection 

Plate Voltage ..................... . 5000 60 130 
Grid No.3 (Suppressor Grid) ....... . Connected to cathode at socket. 
Grid-No.2 (Screen-Grid) Voltage ... . 130 

-20 
130 130 130 

Grid-No.1 (Control-Grid) Voltage ... . o -20 
Plate Resistance (Approx.) .... , .... . 
Transconductance .................. . 
Plate Current .. , .... , ......... , ... . 
Grid-No.1 Current ................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 rnA ............... . 
Amplification Factor ... , ........... . 
• Gl'id No.2 tied to plate. 

-66 
4.7 

410 
24 

Horizontal-Deflection Amplifier 
For operation in a 525-Iine, aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ................................. , ... . 
Peak Positive-Pulse Plate Voltage# ., .... " ........ , .. , ....... . 
Peak Negative-Pulse Plate Voltage ......... , ...... , ............ . 
DC Grid-No.3 Voltage ... , ....... , ..... '., .. , .. , ... ,"., ... , ... ,. 
DC Grid-No.2 Voltage ,., .................. ,., ..... ' ........... . 
DC Grid-No.1 Voltage. Negative-bias value ............. , ....... . 
Peak Negative-Pulse Grid-No.1 Voltage ... , ................... . 

~::kagC'at~:J:o~':,r~~::,~re~: .. : : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : 
Plate Dissipation" ..... , ........... , .......... , ............... . 
Grid-No.2 Input .............. , .. , ........ ' .. ,." ..............• 
Bulb Temperature (At hottest point) ..................... _ .....•• 

11000 
9100 

50 
1.75 

-33 

770 
6000 

-1500 
70 

220 
-55 

-330 
230 
800 
18 

3.5 
220 

volts 
ampere 
seconds 

volts 
volts 

volts 

volts 
volts 
ohms 

/Lmhos 
mA 
mA 

volts 

volts 
volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·C 
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MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance ....•••.•.....••.................... 1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
** A bias resistor or other means is required to protect the tube in absence of excitation. 

34 

34GD5 

Refer to chart at end of section. 

Refer to chart at end of section. 

34GDSA BEAM POWER TUBE 

Miniature type used in audio output stages of compact 
ltc/dc radio receivers. Outlines section, 5D; requires 
miniature 7-contact socket. Heater: volts (ac/dc), 34; 
amperes 0.1; warm-up time, 20 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ........................ : ...... . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ....................................... . 
Positive-bias value ......................................... . 

Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Vo ]tage .. . ............................................. . 
Grid-No.2 V"ltage ............................................. . 
Grid-No.1 Voltage ............................................. . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Zero-Signal Grid-No.2 Current ................................. . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

TYPE 34GD5A 
GRID-No.2 VOLTS'1I0 

o· 
Ib . ~ t--

"..;J!-- -2 

\.1 )~ ~f--t-' S ECI·- 4 
GRIO-No.1 voLT 

~ ...--- 4. 
IA: ~ 

-8 -___ ~CI'O -10 
-12 

b :1: 
o 50 100 150 . 200 

PLATE VOLTS 92C~-10779T 

7CV 

150 
130 

-50 
0 
5 

1.1 
250 

110 
110 

-7.5 
7.5 
35 

3 
13000 
5700 
2500 

10 
1.4 

0.1 
0.5 

35 

35A5 

3585 

Refer to chart .at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

volts 
volts 

volts 
volts 

watts 
watts 

'C 

volts 
volts 
volts 
volts 

mA 
mA 

ohms 
JLmhos 

ohms 
per cent 

watts 

megohm 
megohm 
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BEAM POWER TUBE 3SCS 

7CV 

Miniature type used in output stage of compact, acl de 
radio receivers. Outlines section, 5D; requires miniature 
7-contact socket. This tube, like other power-handling 
tubes, should be adequately ventilated. Except for ter­
minal connections and slightly higher ratings, type 
35C5 is equivalent in performance to miniature type 
35B5 and, within its maximum ratings, to glass octal 
type 35L6GT. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Gdd No.2, and Grid No.3 ......... . 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) .......................... . 
TYPICAL OPERATION 
Plate Voltage ...............................................•.. 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current ............................ . 
Plate Resistance (Approx_) ................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No_l-Circuit Resistance: 

For fixed-bias operation ...............................•..•• 
For cathode-bias operation ...............................•• 

TYPE 35C5 
PENTODE CONNECTION 
GRID-No.2 VOLTS = 110 

". 

'.~ 

o 100 200 300 

PLATE VOLTS 
400 

92CS -6312T! 

35 volts 
0.15 ampere 

±200 max volts 
100 max volts 

0.6 pF 
12 pF 

9 pF 

150 volts 
130 volts 
5.2 watts 
1.1 wattg 
250 "C 

110 volts 
110 volt.s 

--7.5 volts 
7.5 vnlts 
40 rnA 
41 mA 

3 rnA 
7 rnA 

13000 ohms 
5800 I'mhos 
2500 ohms 

10 pel' cent 
1.5 watts 

0.1 megohm 
0.5 megohm 
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Installation and Application 

The 35-volt heater is designed to operate under the normal conditions 
of line-voltage variation without materially affecting the performance or 
serviceability of the 35C5. For operation of the 35C5 in series with other 
types having 0.15-a,mpere rating, the current in the heater circuit should 
be adjusted to 0.15 ampere for the normal supply voltage. 

In a series-heater circuit of the "dc-power line" type employing sev­
eral 0.15-ampere types and one or two 35C5s, the heater(s) of the 35C5(s) 
should be placed on the positive side of the line. Under these conditions, 
heater-cathode voltage of the 35C5 must not exceed the value given under 
maximum ratings. In a series-heater circuit of the "universal" type em­
ploying rectifier tube 35W 4, one or two 35C5s and several 0.15-ampere 
types, it is recommended that the heater(s) of the 35C5(s) be placed in 
the circuit so that the higher values of heater-cathode bias will be im­
pressed on the 35C5(s) rather than on the other 0.15-ampere types. This is 
accomplished by arranging the 35C5(s) on the side of the supply line which 
is connected to the cathode of the rectifier, i.e., the positive terminal of the 
rectified voltage supply. Between this side of the line and the 35C5(s), any 
necessary auxiliary resistance and the heater of the 35W4 are connected 
in series. 

As a power amplifier (class A,), the 35C5 is recommended for use either 
singly or in push-pull combination in the power-output stage of ac/dc re­
ceivers. The operating values shown under typical operation have been de­
termined on the basis that grid-No.1 current does not flow during any part 
of the input cycle. 

35DZ8 Refer to chart at end of section. 

35EH5 POWER PENTODE 

Miniature type used in the audio output stage of radio 
and television receivers and in phonographs. Outlines 
section, 5D; requires miniature 7-contact socket. 
Heater Voltage (ac/dc) ........................................ . 
Heater Cllrrent , ............................................... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Duect Int~relectrode Capacitances (Approx.): 
Grid No.1 to Plate ..................................•••••• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...••• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ....•••••• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ......................................•.••••••• __ 
Grid-No.2 (Screen-Grid) Voltage ...............................• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ..................... : ..........•..•...•.••.•..• 
Bulb Temperature (At hottest point) ........................... . 
TYPICAL OPERATION 
Plate Supply Voltage ......................................... .. 
Grid-No.2 Supply Voltage ..................................... .. 
Cathode-Bias Resistor .......................................... . 
Peak AF Grid-No.1 Voltage ................................•..•. 
Zero-Signal Plate Current .....................................• 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................• 
Maximum-Signal Grid-No.2 Current ..•. _. ___ •. _. " .•...••••. _ ••• 

35 
0.15 

±200 max 
100 max 

0.65 
17 

9 

150 
130 

0 
5 

1.75 
225 

110 
116 
62 

3 
32 
32 

7.2 
12 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

watts 
watts 

·0 

volts 
volts 
ohms 
volts 

mA 
mA 
mA 
mA 



TECHNICAL DATA 

Plate Resistance (Approx.) ............•....................••• 
Transconductance .............•.....•................•........•• 
Load Resistance ..............................................•• 
Total Harmonic Distortion .....................................• 
Maximum-Signal Power Output ..............................••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................•.•• 
For cathode-bias operation ................................. . 

. 70 

\ 

o 

rrr-r ~ 1-1 TYPE 35EH5 
GRID-No.2 

/,. I"O\..~~ VOLTS'IIS 
G\l.IO~;";-

\t I" f-4--"/ r- }~ 
Ix::: r-

I-. 
<:. 

50 

Ib -~ 
IC2 

100 
PLATE VOLTS 

~I'(' 
.... -5 

:1::6-2 
4 

150 200 
92CS-I055IT 

Refer to chart at end of section. 

BEAM POWER TUBE 

427 

14000 ohms 
3000 pmhos 
3000 ohms 

8 per cent 
1.2 watts 

0.1 megohm 
0.5 megohm 

35GL6 

35L6GT ~~G24 sGI 

2 7 
H H 

16K 
NC G3 

7AC 

Glass octal type used in output stage of ac/dc radio 
receivers. Outlines section, 13D; requires octal socket. 
This type may be supplied with pin No.1 omitted. 
Refer to miniature type 35C5 for installation, appli­
cation information, and curves. 

Heater Voltage (aelde) ....................................... . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage .................................. . 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Center Value) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
TYPICAL OPERATION Fixed Bias 
Plate Supply Voltage ............................. 110 
Grid-No.2 Supply Voltage ......................... 110 
Grid-No.1 (Control-Grid) Voltage .................. -7.5 
Cathode-Bias Resistor ............................ . 
Peak AF Grid-No.1 Voltage ...................... . 
Zero-Signal Plate Current ....................... . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current .............. . 
Plate Resistance ................................. . 
Transconductance ................................ . 
Load Resistance ................................. . 
Total Harmonic Distortion ....................... . 
Maximum-Signal Power Output .................. . 
MAXIMUM CIRCUIT VALUES 
Gl"id-No.1-Circuit Resistance: 

7.5 
40 
41 

3 
7 

14000 
5800 
2500 

10 
1.5 

For fixed-bias operation ...................................• 
For cathode-bias operation ......................... " .•...• ' .• 

35 
0.15 
±90 max 

0.6 
13 

9.5 

200 
125 
8.5 
1.0 

Cathode Rias 
200 
125 

180 
8 

43 
43 

2 
5.5 

34000 
6100 
6000 

10 
3.0 

0.1 
0.5 

volts 
eml)ere 

volt. 

pF 
pF 
pF 

volt.s 
volts 

watt" 
watt 

'Wits 
volts 
volts 
ohms 
volts 

rnA 
rnA 
mA 
mA 

ohms 
pmhos 

ohms 
per cent 

watts 

megohm 
megohm 
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. ~HALF~WAVE 
35W4 VACUUM RECTIFIER 

Miniature type used in po~er' ~uppiy of acldc re­
ceivers. Outlines seCtion, 5D; requires miniature 7-
contact socket. This typ'e: is'equivalent iIi'performance 
to grass-octal type 35Z5GT .. The heater is provided with 
a tap for operation 0:( a panel lamp. .' .' 

Heater Voltage (ac/dc): 
Entire Heater (pins 3 and 4) 
Panel Lamp Section (pins 4 ~nd' 'S)":::::::::: 

Heater Current: . . _ .. 
Between Pins 3 and 4 ..... : ............. , .... . 
Between Pins 3 and 6 .... ,., ................ . 

35 
7.5 

0.15 

Peak Heater-Cathode Voltage ................................ .. 

* Without panel lamp . 
•• With No.40 or No.47 panel lamp. 

Half·Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Jnvel'se Plate Voltage ... : ..............................•• 
Peak Plate Current .,.,."." .................. ,' ............. . 
Average Output Current: 

With Panel Lamp and { No S)lllnting. Resistor .......... . 
Shnntmg ResIstor ............... . 

Without Panel Lamp ....................................... . 
Panel-Lamp-Section Voltage: 

When Panel Lamp Fails ................................... . 

Installation and Application 

~
H4' sP " 

IH. '. ...... . ..... HL 3 6 
;".: ' 

. \.. . , 

NC 2.. .':' -7 K 

':.f " 

•• 
32 

5.6 

NC 

5BQ 

0.15 
±360 max 

360 
660 

66 
100 
110 

17 

volts 
volts 

ampere 
ampere 

volts 

volts 
rnA 

rnA 
rnA 
rnA 

volts 

OPERATION CHARACTERISTICS 
HALF WAvE RECTIFIER -

TV~E 35W4 I I I I I I 

For heater considerations, refer to 
miniature type 35C5. 

~ 
;;: 

e 
~250 
~ 
to 
«200 

~ 
o 
> ISO 

~ g 10 0 
U 

" 5 0 

E+'=~~~~'N1NIN~g~~lt~~6'''')3 & 
PLATE VOL TS=1I7 RMS 
TOTAL EFFECTIVE PLATE-SUPPLY 

IMPEDANCE = IS OHM S 
C=CAPACITOR INPUT TO FILTER 

....,~ :::::: -- C=40 ~ 

r--. ""---~ i"""-~ 

o 2S SO 75 100 
LOAD MILLIAMPERES 

90!CM-6615Tf 

With the panel lamp connected as 
shown in the diagram, the drop across 
R and all heaters (with panel lamp) 
should equal 117 volts at 0.15 ampere. 
The shunting resistor R. is required 
when de output current exceeds 60 milli­
amperes. Values of R. for dc output cur­
rents greater than 60 milliamperes are 
given in tabulated data. 

DC 
OvTPUT 

AC Plate·Supply Voltage (rms) ............... . 117 
40 
15 

117 
40 
15 

300 
70 

117 
40 
15 

150 
80 

117 
40 
15 

100 
90 

volts 
p,F 

ohms 
ohms 

rnA 

Filter-Input Capacitor ........................ . 
Minimum Total Effective Plate-Supply Impedance 
Panel· Lamp Shunting Resistor ............... . 
Average Output Cnrrent ............ : ........ . 60 

t No.40 o~ No.47 panel lamp' used incircnit given below with capacitor-input filter. 
TYPICAL OPERATION WITtfOUT PAII(,EL LAMP , 
AC Plate-Supply Voltage (rms) ................................ 117 volts 
Filter-Input Capacitor .............................. . . . . . . . .. . . • 40 p.F 
Minimum Total Effective Plate-Snpply Impedance ........•...••• 15 ohms 
Average Output Current ....................................... 0 100 rnA. 



TECHNICAL DATA 

DC Output Voltage at Input to Filter (ApPl'ox.): 
At half-load current (50 rnA) ............................. "' 
At full-load curreat (100 rnA) ........................... ,',. 

Voltage Regulation (Approx.): . 
Half-load to full-load current .............................. . 

MAXIMUM CIRCUIT VALUES 
Panel-Lamp Shunting Resistor:* 

For dc output current of 80 rnA [ 
70 rnA 

90 rnA 

* Rt!quil'ed when de output current is gl'eater than 60 milliampel'es. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

p HALF·WAVE 
VACUUM RECTIFIER 

429 

135 volt, 
120 volts 

15 ,'ults 

800 ohms 
400 ohms 
250 ohms 

35Y4 

3SZ3 

3SZ4GT 

35Z5GT HL~.£.~ 
H 2 7 Ii 

1 8 

NC K 

6AD 

Glass octal type used in power supply of acl dc re­
ceivers. The heater is provided with a tap for opera­
tion of a panel lamp. Outlines section, l3D; requires 
octal socket. This type may be supplied with pin No.1 
omitted. For installation and application considera­
tions, refer to miniature type 35W4. 

Heater Voltage (aclde): * 
Entire Heater (pins 2 and 7) ............•....• 35 
Panel Lamp Section (pins 2 and 3) ............ 7.5 

Heater CUErent: 
Between Pins 2 and 7 ........................ 0.15 
Between Pins 3 and 7 ....................... . 

Peak Heater-Cathode Voltage .................................• 

• Without panel lamp . 
... With No.40 or No.47 panel lamp. 

Half-Wave Rectifier 
MAXIMUM RATINGS (Design·Center Values) 
Peak Inverse Plate Voltage ................................ , ••• 
Peak Plate Current ........................................... . 
Average Output Current: 

With Panel Lamp and { No SI:mnting. Resistor ..... , .....• 
Shuntmg ResIstor ............... . 

Without Panel Lamp .....................................• 
Panel-LaMp-Section Voltage (rmo): 

When Panel Lamp Fails ................................... . 
TYPICAL OPERATION WITH PANEL LAMPt 
AC Plate-Supply Voltage (rms) .... 117 117 117 
Filter-Input Capacitor ............ . . 40 40 40 
Minimum Total Effective Plate-

Supply Impedance ............. . 15 15 15 
Panel-Lamp Shunting Resistor ...... 300 150 
Average Output CUrl"ent ............ 60 70 80 

.* 
32 

5.5 

0.15 
±350 rnax 

700 
600 

60 
90 

100 

15 

117 235 
40 40 

15 100 
100 

90 60 

volts 
volts 

ampE"l"t: 
ampere 

vo~ts 

volts 
mA 

rnA 
rnA 
rnA 

\'ults 

'\"olts 
.aF 

ohms 
ohms 

mA 

t No.40 or No.47 panel lamp used in ch'cuit with capacitor-input filter given under type S5W4. 
TYPICAL OPERATION WITHOUT PANEL LAMPt 
AC Plate-Supply Voltage (l'ms) ...................• 
Filter-Input Capacitor ............................ . 
Minimum Total Effective Plate-Supply Impedance .. 
Avel'age Output Current ......................... . 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current (50 rnA) ...............• 
At full-load current (100 rnA) ...............• 

Voltage Regulaton (Approx.): 
Half-load to full-load cunent ................ . 

MAXIMUM CIRCUIT VALUES 
Panel-Lamp Shunting Resistol'·: 

For de ouptut current of ( 
70 rnA 
80 rnA 
90 mA 

117 
40 
15 

100 

140 
120 

20 

• Required when de output current is gl'eater than 60 milliamperes. 

235 
40 

100 
100 

280 
235 

45 

800 
400 
250 

volts 
"F 

ohms 
mA 

volts 
volts 

volts 

ohms 
ohms 
ohms 



430 RCA RECEIVING TUBE MANUAL 

36 

36AM3 
36AM3A 

Refer to chart at end of section. 

Refer to chart at end of section. 

36AM3B HALF·WAVE 
VACUUM RECTIFIER 

Miniature type used in power supply of ac/dc re­
ceivers. This type has a tapped heater so that the 
heater section between pins 4 and 6 can be used as a 
limiting resistance in the rectifier plate circuit. This 
heater section is not to be used as a panel-lamp 
shunt. Outlines section, 5D; requires miniature 7-
contact socket. 
Heater· Voltage (ac/de): 

Entire Heater (Pins 3 and 4) .............................• 
Tap Section (Pins 3 and 6) ............................... . 

Heater Current (Pins 3 and 6) ...............................• 
Heater Warm-up Time (Average) ................ ~ ........... .. 
Heater-Cathode Voltage: 

Peak value ................................... +200 
Average value ......•......................... +100 

Half-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ... ; ............................... . 
Peak Plate Current ...................................•........ 
Avel'age Output Current .......................................• 
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-Supply Voltage (rlUS) .................. 120 
Filter-Input Capacitor ............................. 40 
Total Effective Plate Supply Resistance ...........• 
Average Output Current .........................• 75 
DC Output Voltage .............................. 118 
CHARACTERISTICS 
Tube Voltage Drop for plate current of 150 mA .• 16 

*"4 sP 

1-13 bHM 

NC 2 17K 

Nc 
5BQ 

36 volts 
32 volts 
0.1 ampere 
20 seconds 

-350 max volts 
-350 max volts 

365 volts 
580 mA 
82 mA 

117 volts 
40 p.F 

See text above 
75 mA 

105 volts 

20 volts 

37 

38 

Refer to chart at end of section. 

Refer to chart at end of section. 

3SHE7 DIODE-BEAM POWER TUBE 

Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15D; requires duodecar 12-
contact socket. Heater: volts (ac/dc), 37.8; amperes, 
0.45; warm-up time, 11 seconds; maximum heater-cath­
ode volts, ±200 peak, 100 average. 

Ie 

H 

12FS 

Beam Power Unit As Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ..................•..•• 
Grid-No.2 (Screen-Grid) Voltage ..... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current ................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA .............. .. 
Amplification Factor ......•••••••••• 

** Grid No.2 tied to plate. 

Pentode Connection 
6000 50 130 
13!) 130 130 

-80 

o -22 
6200 
8800 

450 60 
40 2.8 

-39 

Triode" 
Connection 

130 
130 

-'-22 

4.2 

volts 
volts 
volt. 
ohms 

p.mhos 
rnA 
rnA 

volt. 
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Beam Power Unit as Horizontal-Deflection Amplifier 
For operation in a 52a-line, 30 .. frame system 

MAXIMUM RATINGS (Design-Maximum Ratings) 
Plate Voltage .................................................• 
Peak Positive-Pulse Plate Voltage# ...........................• 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.2 Voltage ............................................. . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Average Cathode Cunent .....................................• 
Peak Cathode Current .........................................• 
Plate Dissipationt ............................................. . 
Grid-No.2 Input ............................................... . 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

500 
5000 

o 
150 

-55 
-330 

230 
800 

10 
3.5 

431 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

megohm 

t A bias l'esistor 01' other m"ans is l'equh'ed to protect the tube in absence of excitation. 

Damper Service-Diode Unit 
For operation in a 525-line, aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ...................................• 
Peak Plate Current ,., .........................................• 
Average Plate Current ....................................... . 
Heater-Cathode Voltage: 

Peak value ................................... +200 
Average value ................................ +100 

Bulb Temperature (at hottest point) .................•.......... 
CHARACTERISTICS, Instantaneous Value 

4200 volts 
1200 rnA 

200 mA 

-4200 volts 
-500 volts 

200 'C 

Tube Voltage Drop for plate current of 350 mA ................ 21 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

NC Ie 

DIODE-BEAM POWER TUBE 38HK7 
Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15D; requires duodecar 12-
contact socket. 

Heater Voltage (acldc) ................. ',' ....................• 
Heater Current ................................................• 
Heater Warm-up Time (Average) .............................• 
Heater-Cathode Voltage: 

Peak value .... , .......................................... . 
Average value ...................................... : ....••• 

Direct Interelectrode Capacitances (ApPl·OX.): 
Diode Unit: 

Plate to Cathode and Heater .............................•.• 
Cathode to Plate and Heater ..............................• 
Heater to Cathode .......................................• 

Beam Power Unit: 
Grid No.1 to Plate .......................................• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .....• 
Plate to Cathode, Heatel', Grid No.2, and Gdd No.3 ....... . 

Beam Power Unit as Class A,. Amplifier 

37.8 
0.45 

11 

±200 max 
100 max 

10 
9 
2 

0.38 
19 
8 

CHARACTERISTICS 
Triode** 

Connection 
130 
130 

-22 

Pentode Connection 
Plate Voltage ..................... . 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ...• 
Amplification Factor ...............• 
Plate Resistance ................... . 
Transconductance .................. . 
Plate Cunent .....................• 
Grid-No.2 Current ................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ............ , .. . 
MAXIMUM CIRCUIT VALUES 

4.2 

3500 50 130 
130 130 130 
, 0 '-22 

-66 

450 
40 

6200 
8800 

60 
2.8 

-39 

Grid-No.1-Circuit Resistance .................... ' •••••• _" ....... .. 1.0 
•• Gpd NIl.2. ~ed tOlIlat€. 

volt. 
ampere 
second. 

volts 
volts 

lIF 
pF 
pF 

pF 
pF 
pF 

volts 
volts 
volt. 

ohms 
pmhos 

mA 
rnA 

volts 

megohm 



432 RCA RECEIVING TUBE MANUAL 

8eamPower Unit as Horizontal-Deflection Amplifier 
For operation in a 525-line, aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Peak Positive-Pulse .Plate Voltage ..... ; ....................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.2 Voltage ............................................. . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 

~::ka~at~~:o~";,rr~~~re~: .. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Plate, Dissipationt .•..........................••...............• 
Grid-No.2 Input ............................................... . 
MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance ................................... . 
t A bias resistor or other means is required to protect the tube in 

Damper Service-Diode Unit 
For operation in a 525-line, aO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................. . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Heater-Cathode Voltage: 

Peak value ................................ , . +200 
Average value ................................ +100 

~ulb Temperature (At hottest point) .................•.........• 
CHARACTERISTICS, Instantaneous Value 

500 
5000 

0 
150 

-65 
-330 

230 
800 
10 

3.5 

absence of 

4200 
1200 

200 

-3700 
-500 

200 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

megohm 
excitation. 

volts 
mA 
mA 

volts 
volts 

'0 

Tube Voltage Drop for plate current of 350 mA .................• 16 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

39/44 Refer to chart at end of section. 

40 Refer to chart at end of section. 

41 Refer to chart at end of section. 

~:42 . Refer to chart at end of section. 

43 Refer to chart at end of section. 

45 Refer to chart at end of section. 

45Z3 Refer to chart at end of section. 

45Z5GT Refer to chart at end of section. 

46 Refer to chart at end of section. 

41 Refer to chart at end of section. 

48 Refer to chart at end of section. 

49 Refer to chart at end of section. 

50 Refer to chart at end of section. 

50AS Refer to chart at end of 

50B5 BEAM POWER TUBE 

Miniature type used in output stage of . compact ac/dc 
receivers. Outlines section, 5D; requires miniature 7-
contact socket. Except. for basing' arrangement, type 
50B5 is identical with miniature type 50C5~ . 

section. 

78Z 
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BEAM POWER TUBE 
socs 

7CV 

17C5,2.5C5 

Miniature type used in output stage of compact, ac/dc 
radio receivers. Outlines section, 5D; requires minia­
ture 7-contact socket. This tube, like other power-han~ 
dling tubes, should be adequately ventilated. Within its 
maximum ratings, type 50C5 is equivalent in perform­
ance to glass octal type 50L6GT. Types 17C5 and 
25C5 are identical with type 50C5 except for heater 
ratings. 

17C5 25C5 50CS 
Heater Voltage (ac/dc) ...................• 16.8 25 50 volts 
Heater Current ............................ 0.45 0.3 0.15 ampere 
Heater Warm-up Time (Average) .......... 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................ ±200 max ±200 max ±200 max volts 
Average value ......................... 100 max 100 max 100 max volts 

Dire.ct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate .......................................• 0.6 pF 
Grid No.1 to f::athode, Heater, Grid No.2, and Grid No.3 ...... 13 pF 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......• 8.5 pF 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..................................................• 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
TYPICAL OPERATION 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................ . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Load Resistance .............................................. .. 
Total Harmonie Distortion ..................................... . 
Maximum-Signal Power Output ................................ . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed·bias operation .................................... . 
For cathode-bias operation .................................• 

'21 150 
t! 

~ 125 
w 
~ 100 
< 

TYPE 50C5 GRID-No.2 VOLTS= 110 
PENTODE CONNECTION 

-+- l-
EC .0 

V" ~b ~ 

j::!.. 

150 
130 

o 
7 

1.4 
220 

120 
110 
-8 

8 
49 
50 
4 

8.5 
10000 

7500 
2500 

10 

25 !3 
l!i 
0-

20 :i 

2.3 

0.1 
0.5 

j 75 
:e 
W50 

~;-
.........-K 

- E .-6 GRID-No.1 VOLTS CI 
-I 5 3 :e 

~25 !-Ii ---
o 50 

ftCi=O --
100, 

PLATE VOLTS 
150 

I 
1 

-12 

-8 
-10 --
-14 

200 
92CS-6603T 

I 
N o d z 
I 

5 ~ 
c:> 

o 

volts 
volts 
volts 

watts 
watts 

"C 

volts 
volts 
volts 
volts 

rnA 
rnA 
rnA 
rnA 

ohms 
I'mhos 

ohms 
per cent 

watts 

megohm 
megohm 
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Installation and Application 
The 50-volt heater is designed to operate under the normal conditions of 

line voltage variation without materially affecting the performance or 
serviceability of the 50C5. For operation of the 50C5 in series with other 
types having 0.15-ampere rating, the current in the heater circuit should 
be adjusted to 0.15 ampere for the normal supply voltage. ' 

In a series-heater circuit of the "dc power line" type employing several 
0.15-ampere types and one or two 50C5s, the heater(s) of the 50C5(.s) should 
be placed on the positive side of the line. Under these conditions, heater­
cathode voltage of the 50C5 must not exceed the value given under maximum 
ratings. In a series-heater circuit of the "universal" type employing rectifier 
tube 35W 4, one or two 50C5s, and several 0.15-ampere types, it is recom­
mended that the heater(s) of the 50C5(s) be placed in the circuit so that 
the higher values of heater-cathode bias will be impressed on the 50C5(s) 
rather than on the other 0.15-ampere types. This is accomplished by arrang­
ing the 50C5 (s) on the side of the supply line which is connected to the 
cathode of the rectifier, i.e., the positive terminal of the rectified voltage sup­
ply. Between this side of the line and the 50C5(s), any necessary auxiliary 
resistance and the heater of the 35W 4 are connected in series. 

As a power amplifier (class Al), the 50C5 is recommended for use either 
singly or in push-pull combination in the power-output stage of "acldc" re­
ceivers. The operating values shown under typical operation have been de­
termined on the basis that grid-No.1 current does not flow during any part 
of the input cycle. 

50C6G Refer to chart at end of section. 

SODC4 HALF·WAVE 
VACUUM RECTIFIER 

Miniature type used in power supply of ac/dc radio 
receivers. The heater is provided with a tap for opera,­
tion of a panel lamp. For typical circuit, refer to type 
35W 4. Outlines section, 5D; requires 7 -contact socket. 
Heater Voltage (ae/de):. ..• 

Entire Heater (Pins 3 and 4) ................•• 50 
Panel-Lamp Section (Pins" and 6) ........... 7.5 

Heater Current: 
Between Pins 3 and " ........................ 0.15 
Between Pins 3 and 6 .......................• 

Peak Heater-Cathode Voltage .................................. . 

* Without panel lamp . 
•• With No.40 or No.47 panel lamp. 

Half-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ................................... . 
Peak Plate Current ............................................ . 
Average Output Current: 

With Panel Lamp and { No S~unting ~i!tor ..........•. 
Shuntmg Res,stor ............•. 

Without Panel Lamp ..... , ................................ . 
Panel-Lamp-Seetion Voltage (rma): 

When Panel Lamp Fails ................................... . 
TYPICAL OPERATION WITH PANEL LAMpt 
AC Plate-Supply Voltage (rma)...... '117 117 11'1 
Filter-Input Capacitor ........... . . • 40 40 40 
Minimum Total Effective· Plate-

Supply Impedance .. . . . .. . . . . . • . . 15 15 15 
P.anel-Lamp Shunting 'Resistor ...... 450 200 100 
Average Output Current ; ..... ;..... 70 80 90 
TYPICAL OPERATION WITHOUT PANEL LAMP 
AC Plate-Supply Voltage (rJllli) .•...... ; •..• ; ................. . 
Filter.l!!Put Capa~itor .. , ...................................... . 

~
H4 ~p 

H 3; . . .. to HI. 

2· 7 . K 

I 
Ne -

SSQ 
•• volt • 
45 volts 

5.5 volts 

ampere 
0.15 ampere 

:!:830 max volts 

830 volts 
720 rnA 

70 rnA 
110 rnA 
120 rnA 

16.5 volts 

117 volts 
40 "F 
15 ohms 
75 ohms 

100 rnA 

117 volts 
40 pF 
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Minimum Total Effective Plate-Supply Impedance .•..•••.•••••••• 
Average Output CUI'rent 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current (55 rnA) ............................. . 
At full-load current (110 mAl ............................. . 

Voltage Regulation (Approx.): 
Half-load to full-load current ............................. . 

15 
110 

130 
110 

20 

435 

ohms 
mA 

volts 
volts 

volts 

t No.40 or No.47 panel lamp used in circuit with capacitor-input filter given under type 35W4 . 
• Required when dc output current is greater than 70 milliamperes. 

Refer to type 6EH5. 
Refer to chart at end of section. 
Refer to chart at end of section. 

POWER PENTODE 

SOEHS 
SOFES 
50FKS 

SOHC6 
H~" ,,/' ,,, 

G, 2 7 P 

, 
K,G3 

7FZ 

Miniature type used in the audio-frequency power­
output stages of radio receivers. Heater is provided 
with a tap for operation of a panel lamp. Outlines 
section, 5D; requires miniature 7-contact socket. Heater: 
volts (ac/dc), 50; amperes, 0.15; tap volts (without 
panel lamp), 7; maximum heater-cathode volts, ±200 
peak, 100 average. 

MAXIMUM RATINGS (Design-Maximum Values) 
RMS Heater-Tap Voltage, when panel lamp fails ............... . 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
CHARACTER ISTICS 
Plate Supply Voltage ......................................... . 
Grid-No.2 Voltage ............................................. . 
Peak AF Glid-No.1 (Control-Grid) Voltage ..................... . 
Cathode-Bias Resistor .......................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ............................... . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Gdd-No.2 Current ........................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Hal'monic Distortion (Approx.) ........................... . 
Maximum-Signal Power Output ............................... . 

POWER PENTODE 

14 
150 
130 
5.5 

2 

110 
115 

3 
62 
42 
42 

11.5 
14.5 

11000 
14600 

3000 
7 

1.4 

volts 
volts 
volts 

watts 
watts 

volts 
volts 
volts 
ohms 

mA 
rnA 
mA 
rnA 

ohms 
JLmhos 

ohms 
per cent 

watts 

SOHK6 *H4 :2 

H 3 ::: f> HL 

---
~ 2 7 P 

I 

k,G3 

7FZ 

Miniature type used in audio-frequency power-output 
stage of radio receivers. Outlines section, 5D; requires 
miniature 7 -contact socket. The heater is provided with 
a tap for operation of a panel lamp_ Heater: volts 
(ac/dc), 50; amperes, 0.15; tap volts (without panel 
lamp), 7; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
RMS Heater-Tap Voltage When Panel Lamp Fails ............. . 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................. . 
Peak AF Grid-No.1 Voltage ...................................•. 
Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Current ................................ . 

150 
130 
5.5 
1.1 
14 

110 
110 

-7.5 
7.6 
41t 
50 

volts 
volts 

watts 
watts 
volts 

volts 
volts 
volts 
volts 

rnA 
rnA 
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Zero-Signal Grid-No.2 Current .................................• 
Maximum-Signal Grid-No.2 Current .: ....................... : .. . 
Plate Resistance (Approx.) .................................... . 
Transconductance ...................... '" ............ ' ........... . 
Load Resistance .. . .......................................... . 
Total Harmonic Distortion (Approx.) .......................... . 
Maximum-Signal Power Output ..............................••. 
MAXIMUM CIRCUIT VALUES 
Gl·id-No.1-Cireuit Resistance: 

For fixed-bias operation ...................................• 
For cathode-bias operation .................................• 

SOL6GT 
25L6GT BEAM POWER TUBE 

Glass octal type used in output stage of ac/dc radio 
receivers. Outlines section, laD; requires octal socket. 
This type may be supplied with pin No.1 omitted. 
Refer to miniature type 50C5 for installation and ap­
plication information. Type 25L6GT is identical with 
type 50L6GT except for heater ratings. 

Heater Voltage (ac/de) ...........................• 
Heater Current ", ... "., .................. , ..... . 
Peak Heater-Cathode Voltage ..................... . 
Direct Interelectrode Capacitances (Approx.): 

25L6GT 
25 

0.3 
±90max 

Grid No.1 to Plate ...•..................................... 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
I'late Voltage .. ' .............................................•• 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation ............... ' ............................... . 
Grid-No.2 Input ............................................... . 
TYPICAL OPERATION Fixed Bias 
Plate Supply Voltage ............................ 110 
Grid-No.2 Supply Voltage ,."..................... 110 
Grid-No.1 (Control-Grid) Voltage ,................. -7.5 
Peak AF Grid-No.1 Voltage .. :.................... 7.5 
Cathode-Bias Resistor , .. , ........ " .......... , ... . 
Zero-Signal Plate Current .. , ..... , ....... ' ...... . 
l\iaximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current ' ... ,' ............. . 
Maximum-Signal Grid-No.2 Current ............ ' .• 
Plate Resistance (Approx.) ...................... . 
Transconductallce ................................ . 
Load Resistance .... ,', .................. , ....... . 
Total Harmonie Distortion ........ , .............. . 
Maximum-Signal Power Output ., ................. . 

49 
50 
4 

10 
13000 

8000 
2000 

10 
2.1 

4 
8.5 

10000 
7500 
2500 

9 
1.9 

0.1 
0.5 

7AC 
50L6GT 

50 
0.15 
±90 max 

0.6 
15 

9.5 

200 
125 

10 
1.25 

Cathode Bias 
200 
125 

8.0 
180 

46 
47 

2.2 
8.5 

28000 
8000 
4000 

10 
3.8 

50X6 
50Y6GT 
50Y7GT 
5027G 

53 
60FX5 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

70L7GT 
75 
78 
80 

84/624 

Refer to type 12FX5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

rnA 
mA 

ohms 
}.tmhos 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
ampel'e 

volts 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 
ohms 

rnA 
rnA 
mA 
mA 

ohms 
}.tmhos 

ohms 
per cent 

watt. 
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Refer to chart at end of section. 

Refer to chart at end. of section. 

Refer to chart at end of section. 

117l7GT I M7GT 

117N7GT 

117P7GT 

Refer to chart at end of section. 117Z3 

Refer to chart at end of section. 117Z4GT 

Refer to chart at end of section. 117Z6GT 

H 

SHARP-CUTOFF PENTODE 5879 

gAD 

Mini~ture type used as audio amplifier in the input 
stages of medium-gain public-address systems, home 
sound recorders, and audio systems. Outlines section, 
6B; requires miniature 9-contact socket. For operation 
as resistance-coupled amplifier, refer to Resistance­
Coupled Amplifier section. 

Heater Voltage (acldc) ....................................... . 6.3 
Heater Current ............................................... . 0.15 
Peak Heater-Cathode Voltage ................................. . ±100 max 
Direct Interelectrode Capacitances: 

Pentode Connection: 
Grid No.1 to Plate ....................................... . 0.11 max 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 2.7 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ....... . 2.4 

Triode Connection*: 
Grid No.1 to Plate ....................................... . 1.4 
Grid No.1 to Cathode and Heater ........................... . 1.4 
Plate to Cathode and Heater .............................. . 0.85 

• Grid No.2 and grid No.3 connected to plate. 

Class Ai Amplifier 
Triode Pentode 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ......................... . 
Grid-No.2 (Screen-Grid) Voltage ....... . 
Grid-No.2 Supply Voltage ............. . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ............... . 
Positive-bias value ................. . 

Plate Dissipation ...................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts 
For grid-No.2 voltages between 165 

Connection =I: Connection 
275 330 

See curve page 96 
330 

-55 -55 
o 0 

1. 7 1.25 

0.25 
See curve page 96 

volts 
ampere 

volts 

pF 
pF 
pF 

pF 
pF 
pF 

volt. 

volts 

volts 
volts 

watts 

watt 

14r--'--~~--'-T-Y-P-E-5-8-7-9-------' 
TYPE 5879 GRID-No.2 VOLTS·IOO 

12 f----t---t 6 
PENTOOE CONNECTION GRID -No.3 VOLTS'O 

", 0 
l!l 
e:i IO 

TRIODE CONNECTION 
GRIDS No.2 a No.3 
CONNECTED TO 

+--r~~~~ PLATE 
Ib/ 
r 

-0.5 I 
ECI' 1.0-r-

n. 
~ 8 

3 
2 6 
ILl 

!i4 
--' n. 

PLATE VOLTS 92CS-7446T 

~ 

>(rC2 

,:r-
V-

o 

1.5 t--
Ib -2.0 

GRID-No.1 VOLTS ECI=-2.5 

-3.0 

Ib 
r-

ECi=o 14.0 
5.0 

-6.0 
100 200 .300 400 

PLATE VOLTS 92CS-7439T 
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CHARACTERIST'CS 
Plate Voltage .................... : ...•• 
Grid No.3 .............................• 

100 250 250 volts 
- Connected to cathode at socket 

Grid-No.2 Voltage ................. ' ... . 100 volts 
Grid-No.1 Voltage .................... . -8 

21 
0.017 
1240 

2.2 

-8 
21 

0.0187 
1530 

5.5 

-3 volts 
Amplification Factor .................. . 
Plate Resistance (Approx.) ........... . 
Transconductance ...................... . 
Plate Current ......................... . 
Grid-No.2 Current ..................... . 
Grid-No.1 Voltage (Approx.) for plate 

current of. 10 p.A .................. . 
MAXIMUM CIRCUIT VALUE 

2 
1000 

1.8 
0.4 

-8 

Grid"No.1-Circuit Resistance .................................. .. 

* Grid No.2 and grid No.3 connected to plate. 

5881 BEAM POWER TUBE 

2.2 

I 

NC 

megohms 
p.mhos 

rnA 
rnA 

volts 

megohms 

Glass octal type used in the output stages of radio 
receivers and high-fidelity audio amplifiers. Outlines 
section, 29M; requires octal socket. For typical opera­
tion as push-pull class A" class AB, (within maximum 
ratings), and class AB2 amplifier; and for curves of 
average plate characteristics, refer to type 6L6GC. 
Heater: volts (ac/dc), 6.3; amperes, 0.9; maximum 
heater-cathode volts, ±200 peak. 7AC 

Class A, Amplifier 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Plate Dissipation .................. , ............. . 
Grid-No.2 Input ................................. . 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage ................ . 
Peak AF Grid-No.1 Voltage ...................... . 
Zero-Signal Plate Current ....................... . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current .................... . 
Maximum-Signal Grid-No.2 Current .............. . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance .. .............................. . 
Load Resistance ................................. . 
Total Harmonic Distortion ....................... . 
Maximum-Signal Power Output .................. . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Triode 
Connection * 

400 

250 

-18 
18 
52 
58 

8 

5250 
4000 

6 
1.4 

26 

300 

-20 
20 
78 
85 

4000 
5.5 
1.8 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................ . 

• Grid No.2 connected to plate. 

6973 BEAM POWER TUBE 

Miniature type used as power amplifier in compact 
high-fidelity audio equipment. Outlines section, 6G; re­
quires miniature 9-contact socket. 
Heater Voltage (acldc) ........................................ . 
Heater Current ................................................ . 

'. Heater-Cathode Voltage: 
Peak value ................................................ . 
Average value ............................................. . 

Pentode 
Connection 

400 
400 

23 
3 

250 850 
250 250 

-14 -18 
14 18 
75 53 
80 65 

4.3 2.5 
7.6 8.5 

30000 48000 
6100 5200 
2500 4200 

10 13 
6.7 11.3 

0.1 
0.5 

6.3 
0.45 

9EU 

±200 max 
100 max 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

rnA 
mA 
mA 
mA 

obms 
p.mhos 

obms 
per cent 

watts 

megohm 
megohm 

volts 
ampere 

volts 
volts 



TECHNICAL DATA 

Direct Interelectrode Capacitances: 
Grid-No.1 to Plate ....................................... _ 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode,. Heater, Grid No.2, and Grid No.3 

Class A. Amplifier 
CHARACTERISTICS 
Plate Voltage .,., ............................................•. 
Grid-No.2 (Screen-Grid) Voltage ... '., .. ', ..................... . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Plate Resistance (Approx.) ' .. , .. , ............................. . 
TransconductaIlce .............................................. . 
Plate Cllrrent ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 100 pA ......•• 

Push-PUll Class AS, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltall!"e ................................................. . 
Grid-No.2 Voltage ., ........................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Tempel'ature (At hottest point) ........................... . 
TYPICAL OPERATION (Values are for two tubes) 

0.4 max 
9 
6 

250 
250 

-Hi 
73000 

4800 
46 

3 .• 
-40 

440 
330 
12 

2 
250 

Pla.te Supply Voltage ............. . 
Grid-No.2 Supply Voltage ........... . 

Fixed Bias 
250 350 400 
250 280 290 

-15 -22 -25 

Cathode Bias 
300 310 
300 310 

Grid-No.1 Voltage .................. . 
Cathode-Bias Resistor .............. . 
Peak AF Grid-No.l-to-

Grid-No.1 Voltage .............. . 
Zel"O-Signal Plate Current .......•.. 
Maximum-Signal Plate Current ..... . 
Zero-Signal Grid-No.2 Current ...... . 
Maximum-Signal Grid-No.2 Current .. 
Effective Load Resistance 

(Plate-to-plate) ...............•.. 
Total Harmonic Distortion ......... . 
Maximum-Signal Power Output 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

30 
92 

105 
7 

16 

44 
58 

106 
3.5 
14 

50 
50 

107 
2.5 

13.7 

8000 7500 8000 
2 1.5 2 

12.5 20 24 

230 

48 
80 
96 

6 
14 

270 

55 
77 
92 

5 
14 

5500 6000 
2 4 

16 17 

For fixed-bias operation .................................... ~ 0.5 
1 For cathode ... bias operation ................................. ~ 
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pF 
pF 
pF 

volts 
volts 
volts 
ohms 

pmhos 
mA 
rnA 

volts 

volts 
volts 

watt5 
watts 

·C 

volts 
volts 
volts 
ohm. 

volt" 
rnA 
mA 
mA 
mA 

ohms 
per ('.ent 

watts 

me,,"ohm 
megohm 

5 17 

150 

?>OO TYPE 6973 TYPE 6973 GRID-No. 2 VOLTS=2OO 

::l 
ffi 125 
"­
:ii 

Vlb 

~ 

lb 

I GRID·No.1 
250- VOLTS =0 

WITH EC2AS 
VARIABLE 

EC2,200 

N 
u 150 
t:! 

'" ~ II) 125 ,'" 
~~ 100 

~ECI AS \;i\RIABLE 

!!l- ECI=O 

-5 

r--« 100 
::; 
.J 

:E 75 I-
N ZVOLTSEC~=150 

GRID- 0-

c>:ii 

~ ~ 75 
_d 

IV 

I Ib 

I I 1 
GRID_NO.IIIOLTS ECI=-IO 

tf:ii 50 

'" !;;( 
~ 

t1: 

-/~,c2 Ib r r-. 

~ 
~ 50 

25 

;:;.- .1 J 
ECZ'IOO 

V 
II 

25 

o 100 200 ?>oo o 100 
PLATE VOLTS 

92CS-9380TI 

Push·Pull Class AS, Amplifier 

f- -- i--lC1=0 

200 300 
PLATE VOLTS 

-15 

ECI=-20 

400 
92CS-9389T 

Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer 
MAXIMUM RATINGS (Design-Maximum Values) 
~late 8'.'d. Gri.d-No.2 Supply Voltage ............................ 410 

ate DISSIpatIon . . . . . .. .....................................•. 12 
Grid-No.2 Input ................................................ 1. 75 
Bulb TemperatUl'e (At hottest point) ............................ 250 
TYPICAL OPERATION (Values are for two tubes) Fixed Bia.. Cathode Bias 
Plate Supply Voltage .............................• 375 370 
Grid-No.2 Supply Voltage.......................... * # 
Grid-No.1 Voltage- ................................ -33.5 

volts 
watts 
watts 

·C 

volts 
volts 
volts 
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Cathode-Bias Resistor ............................. . 
Peak AF Grid-No.1-to-Grid-No.l Voltage .......... . 
Zero-Signal Cathode Current ..................... . 
Maximum-Signal Cathode Current ................. . 
Effective Load Resistance (Plate-to-plate) ......... . 
'fotal Harmonic Distortion ....................... . 
Maximum-Signal Power Output ................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

67 
62 
95 

12500 
1.5 

18.5 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

355 
62 
74 
84 

13000 
1.2 
15 

0.1 
1 

ohm. 
volts 

mA 
mA 

ohms 
pel' cent 

watts 

megobm 
megohm 

* Obtained from taps on the primary winding of the output transformer. The taps al'e located 
on each side of the center tap (B+) so as to apply 50 per cent of the plate signal voltage to 
g"id No.2 of each output tube. 
# Obtained from taps on tbe primary winding of the output transformer. The taps are located 
on eacb side of the center tap (B+) so as to supply 43 per cent of the plate signal voltage to 
gl"id No.2 of each output tube . 
• Tbe type of input-coupling network used sbould not introduce too much resistance in tbe 
grid-No.1 circuit. Transformer .. or impedance-coupling devices are recommended. 

7025 HIGH-MU TWIN TRIODE 

Miniature type used as phase inverter or resistance­
coupled amplifier in high-quality, high-fidelity audio 
amplifiers, Outlines section, 6B; requires miniature 7-
contact socket, This type is identical with miniature 
type 12AX7 A except that it has a controlled equiva­
lent noise and hum characteristic. For operation as 
resistance-coupled amplifier, refer to Resistance­
Coupled Amplifier section. 

9A 

EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID (Each Unit) 
Average Value (rms)t ......................................... . 
Maximum Value (1'm8)e ....................................... . 

1.8 
7 

t Measured in "true rms" unit.s under following conditions: heater volts (ac), 6.3 (parallel 
connection) ; center tap of heater transformer connected to ground; plate supply volts, 250; 
plate load resistor, 2700 ohms; cathode-bypass capacitor, 100 /LF; grid resistOl', 0 ohms; and 
amplifier covel'ing frequency range between 25 to 10000 cycles per second . 
• Same conidtiollS liE! for "Average Value" except cathode resistor is unbypassed and grid 
l.'esistol' is 0.05 megohm. 

7027 Refer to chart at end of section. 

7027A BEAM POWER TUBE 

Glass octal type used in push-pull power amplifier cir­
cuits of high-fidelity audio equipment. Outlines section, 
9F; l'equires octal socket. This tube, like other power­
handling tubes, should be adequately ventilated. 
Heater Voltage (ac/dc) ........................................• 
Heater Current ................................................ , 
Heater-Cathode Voltage: 
. Peak value ................................................ . 

Average value ............................................. . 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Glid No.1I .........• 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid-No.2 (Scl'cen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage ....................... : ...... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................ .. 

SHY 
6.3 
0.9 

±200max 
100 max 

1.5 
10 

7.5 

250 
250 

-14 
22500 

6000 
72 
5 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
Dbms 

pmhos 
mA 
mA 



TECHNICAL DATA 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 

TYPICAL OPERATION (Values are for two tubes) 

600 
500 

35 
5 

441 

volts 
volts 

watts 
watts 

Fixed Bias Cathode Bias 
Plate Supply Voltage ................ 400 450 540 400 380 425 volts 

volts 
volts 
uhms 
volts 

Grid-No.2 Supply Voltage .......... 300 350 400 300 380 415 
Gl·id-No.l Voltage .................. -25· 
Cathode-Bias Resistol' .............. . 
Peak AF Grid-No.l-to-Grid-No.l Voltage 50 
Zero-Signal Plate Current .......... 102 
Maximum-Signal Plate Current ...... 152 
Zero-Signal Grid-No.2 Current ...... 6 
Maximum-Signal Grid-No.2 Current .. 17 
Effective Load Resistance 

(Plate-to-plate) ................. 6600 
Total Harmonic Distortion .... 2 
Maximum-Signal Power Output 34 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

-30 0 -38· 

60 76 
95 100 

194 220 
3.4 5 

19.2 21.4 

6000 6500 
1.5 2 
50 76 

200 180 
57 68.5 

112 138 
128 170 

7 5.6 
16 20 

6600 4500 
2 3.5 

32 36 

200 
86 

150 
196 

8 
20 

rnA 
mA 
mA 
mA 

3800 ohms 
4 pel' cent 

44 watts 

For fixed-bias operation. .................................... 0.1 megohm 
For cathode-bias operation .................................. 0.5 megobm 

• The type of input coupling network used should not introduce too much resistance in the 
gl'id-No.l circuit. Transformel'- or impedance-coupling devices are l'ecommended. 

Push-Pull Class AB, Amplifier 
Grid No.2 of Each Tube Connected to Tap on Plate Winding of 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate and Grid-No.2 Supply Voltage ........................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage .......................................... . 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor .......................................... . 
Peak AF Grid-No.l-to-Gdd-No.1 Voltage ....................... . 
Zero-Signal Cathode Current ................................... . 
Maximum-Signal Cathode Current ......................... . 
Effective Load Resistance (Plate to plate) ..................... . 
Total Harmonic Distortion ...................... _ ............. . 
Maximum-Signal Power Output ................................ . 

MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance, for cathode-bias opemtion ......... . 

Output Transformer 

600 volts 
35 watts 

4.5 watts 

410 volts 
* volts 

220 ohms 
68 volts 

134 mA 
155 rnA 

8000 ohms 
1.6 pe" cent 
24 watts 

0.5 megobm 

* Obtained from taps on the primary winding of the output transformer. The taps al'e located 
on each side of the center tap (B+) so as to apply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 

CII ... 
II< 

~400 
~ 
:hoo 
21 ... 
!<i200 
-' ... 

100 

o 

TYPE 7027A 
GRID-No.1 VOLTS-O 

40..2. 

/""' r-- 350 

V - 300 

k:::: GRID-No.2 VOLTS EC2'25~_ ~ 
,,- 200 
.- 150 

it- - 100 
= Ir 

100 200 300 400 500 600 
PLATE VOLTS 92CS-IOI32T 

TYPE .7027A 
GRID-No.2' VOLTS = 300 

- J 
.t+-;.:t V~LTS ~Cl=_15 
~~ I. -10 --,-,--I 

,,;..""- -15 

:.---r- -20 

n-r -25 -35-1---
-30/ ECI=O 

-- -- -- - -~-15 I' 

o 100 200 300400 500 600 700 
PLATE VOLTS 92CS-IOI33T 
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7189 POWER PENTODE 

Miniature type used as power amplifier tube in high­
fidelity audio equipment. Outlines section, 6G; requires 
miniature 9-contact socket. 
Heater Voltage .................................•........••.••••• 
Heater C·urrent ................................................ . 
Peak Heater-Cathode Voltage ...................................•. 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... . 
Plate to Cathode, Heater, Grid-No.2, and Grid No.3 .......... . 
Grid No.1 to Heater ........................................ . 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage ................................................... . 
Grid-No.2 (Screen-Grid) Voltage ................................. . 
Grid-No.1 (Control-Grid) Voltage ................................ . 
Mu-Factor, Grid No.2 to Grid No.1 ............................... . 
Plate Resistance (Approx.) ...................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Grid-No.2 Current .............................................. . 

Push-Pull Class AB, Amplifier 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ....................................• 
Grid-No.2 Voltage ................................•• 
Cathode Current ..................................• 
Plate Dissipation .................................• 
Zero-Signal Grid-No.2 Input ......................• 
Maximum-Signal Grid-No.2 Input .................• 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ............................. . 
Plate Voltage ... ............................... . 
Grid-No.2 Supply Voltage .........................• 
Grid-No.2 Voltage ................................• 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor .............................• 
Peak AF Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Current ......................... . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current .................... . 
Maximum-Signal Grid-No.2 Current ............... . 
Effective Load Resistance (Plate-to-plate) ......... . 
Total Harmonic Distortion ........................ . 
Maximum-Signal Power Output ................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance ..................... . 

400 
SOO 
65 
12 

2 
4 

400 

300 
-15 

14.8 
15 

105 
1.6 
25 

8000 
4 

24 
Fixed Bias 

0.3 

B10 
6.3 

0.76 
±100max 

0.5 
10.8 

6.5 
0.25 

250 
250 

-7.3 
19.5 

40000 
11300 

48 
5.5 

Grid-No.2 
Special 

Connection-
375 . 

65 
12 
2 
4 

375 

220 
17.7 

70 
81 

11000 
3 

16.5 
Cathode Bias 

1 

• Gdd No.2 of each tube connected to tap on plate winding of output transformer . 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 

volts 
volts 
volts 

ohms 
,.mhos 

mA 
rnA 

volts 
volts 

rnA 
watts 
watts 
watts 

volts 
volts 

volts 
volts 
ohms 
volts 

mA 
rnA 
mA 
rnA 

ohms 
pel' cent 

watts 

megohm 

• Obtained from taps on primary winding of the output transformer. The taps are located on 
each side of the center tap (B+) so as to supply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 

7199 MEDIUM-MU TRIODE­
SHARP-CUTOFF PENTODE 

Miniature type used in high-quality,' high-fidelity audio 
equipment, particularly in phase splitters, tone-control 
amplifiers, and high-gain voltage amplifiers, Outlines 
section,.6B; requires miniature 9-contact socket. For 
operation as resistance-coupled amplifier, refer to Re­
sistance-Coupled Amplifier section. In direct-coupled 
voltage-amplifier phase-splitter circuits, the pentode 
unit should drive the triode unit. 9JT 
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TECHNICAL DATA 443 

Heater Voltage (ac/dc) .......................................... 6.3 volts 
Heater Current ...............................................••• 0.45 ampere 
Heater-Cathode Voltage: 

Peak value .................................................. :!:200 max volts 
Average value. ...........................................••• 100 max volts 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate................................................ 2 pF 
Grid to Cathode and Heater ................................• 2.3 pF 
Plate to Cathode and Heater................................. 0.3 pF 

Pentode Unit: 
Grid No.1 to Plate ..........................................• 0.06 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ..........................................•• pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .................... . . . . . . . . . . . . . . . . . . . . . 2 pF 
EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID 

Triode Unit Pentode Unit 
Median Value (rIDs) ............................... lOt 35· /LV 
Maximum Value (rms) ............................ 150t 100· /LV 

t Measured in "true rms" units under the following conditions: heater volts (ac). 6.S; center 
tap of heater transformer connected to ground; plate-supply volts, 250; plate load resistor, 
0.1 megohm; cathode resistor, 1500 ohms; grid resistor, 0.05 megohm; and amplifier covering 
frequency range between 25 and 10000 cycles per second. 
o Same conditions as for triode unit except: grid-No.2 supply volts, 250; grid-No.2 resistor, 
0.33 megohm; grid-No.2-bypass capacitor, 0.22 /LF; cathode resistor, 1200 ohms; and grid-No.1 
resistor, 0.05 megohr.a. , 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ....................................• 

Triode Unit Pentode Unit 
330 380 

Grid-No.2 (Screen-Grid) Voltage .................. . 
Grid-No.2 Supply Voltage ......................... . 

See curve page 96 
330 

volts 

volts 
volts 

watts 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 

o 0 
2.4 3 

Grid-No.2 Input: 
For grid-No.2 voltages up to 165 volts ......... . 0.6 watt 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
See curve page H6 

Triode Unit Pentode Unit 
Plate Supply Voltage ......................... . 
Grid-No.2 Supply Voltage ...................... . 
Grid-No.1 Voltage ............................. . 
Cathode-Bias Resistor ......................... . 
Amplification Factor .......................... . 
Plate Resistance (Approx.) .................... . 
Transconductance ............................. . 
Plate Current ................................. . 
Grid-No.2 Current ............................. . 
Grid-No.1 Voltage (Approx.) for plate current 

of 10 /LA ....................................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:* 

For fixed-bias operation ....................... . 
For cathode-bias operation ....................• 

216 100 220 

-8.5 

17 
0.0081 

2100 
9 

-40 

50 130 

1000 

1 
1500 

1.1 
0.36 

-4 

62 

0.4 
7000 
12.5 

3.5 

Triode Unit Pentode Unit 

0.5 
1.0 

0.25 
1.0 

volts 
volts 
volts 
ohms 

megohm 
p.mhos 

rnA 
rnA 

volts 

megohm 
megobm 

* If either unit is operated at maximum rated conditions, grid-No.l-circuit resistance for both 
units should not exceed the stated value. 

TYPE 7199 TYPE 7199 
TRIODE UNIT PENTODE UNIT 

GRID-No.2 VOL.TS=130 

5 

~ 20 
::; 

~ 
1--1-(; 

-d~ 11~ 
1b ~ 0 

II .J 
~ 15 
w 
!i 10 
.J 
Q. 

5 
-l! 'j 
/~~ 

o 100 

I to 

J~ V /~ / "11. 

~~( 
200 300 

PL.ATE VOLTS 
400 

92CS-9693T 

5 1 GRID-No.1 VOLTS ECI=-I 

o \ /k' V 1'-_IC2 

5 

o 100 

0 -2 
3~ ECI -I -3 

""-\ 
200 300 400 

92CS-970IT PL.ATE VOL.TS 
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7247 ,R~fer to chart at end of section. 

7355 POWER' PEN.TODE 
''''\-';, .. -, 

Glass octal type uS,ed in tlie", .pdwer-output stage of 
high-fidelity audio-freql.l,ericy amplifier systems. Out­
lines section, 13F; requires octal socket., Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, ±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maxim'urn Values) 
Plate Voltage ............. : ....................................• 
Grid-No.2 (Screen-Grid) Voltage .... ; ....................•...•••• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............. . 
Average Cathode Current ..... : ...... , .......................... . 
Plate Dissipation ............... ' ................................• 
DC Grid-No.2 Input ............................................• 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ..................................................• 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 Voltage .............................................. . 
Peak AF Grid-No.1 Voltage ..................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Zero-Signal Plate Current ....................................... . 
Maximu,m Signal Plate Current ................................. . 
Zero-Signal Grid-NO.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Load Resistance ................. , .............................. . 
Total Harmonic Distortion (Approx.) ....... : .................... . 
Maximum-Signal Power Output ................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 500 pA 
MAXIMUM CIRCUIT VALUES 
Grid-No.I-Cil'cuit Resistance: 

For fixed-bias operation ..................................... . 
For cathode-bias operation .................................. . 

500 
400 

o 
100 

18 
3.5· 

250 
225 

-15 
15 

42000 
7600 

62 
74 

3.2 
16.5 
2500 

15 
9 

-35 

0.3 
1 

volts 
volts 
volts 

rnA 
watts 
volts 

volts 
volts 
volts 
volts 
ohms 

pmhos 
mA 
mA 
mA 
mA 

ohms 
per cent 

watts 
volts 

megohm 
megohm 

• Grid-No.2 input may reach 7 watts during peak levels of speech and music signals. 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for class At amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage .................................... . 
Grid-No.2 Voltage ................................. . 
Grid-No.1 Voltage ................................. . 
Peak AF Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Current ......................... . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current .................... . 
Maximum-Signal Grid-No.2 Current ................ . 
Effective Load Resistance (Plate-to-plate) ......... . 
Total Harmonic Distortion ....................••• 
Maximum-Signal Power Output ..................•• 

300 
250 

-21 
42 

100 
185 
5.5 
24 

4000 
2 

28.5 

7408 BEAM POWER TUBE 

Glass octal type used as ou~put amplifier tube in high­
quality sound systems. Outlines section, 13D; requires 
octal socket. 
Heatel" Voltage (ac/de) .......•••••••••••.••••••....•...........• 
Heatel" Current .................••••••••••.....•. , ............... . 
Heater-Cathode Voltage: 

Peak value ...............•..•.•.•.•........................• 
Average value ..•.. ; ........................................ . 

400 
300 

-34 
60 
56 

175 
3.5 
24 

5000 
6 

40 

volts 
volts 
volts 
volts 

rnA 
rnA 
mA 
rnA 

ohms 
per cent 

watts 

'~G24 sCI, 

P3 

2 "7 
11. ' ' H 

18 K 
NC C3 

6.3 
0.45 

±200 
lOll 

7AC 
volts 

ampere 

volts 
volts 



TECHNICAL DATA 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... _ 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... _ 
Plate to Cathode, Heatel', Grid No.2, and Grid No.3 .. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..........................................•.....••• 
Grid-No.2 (Screen-Grid) Voltage .................................• 
Grid-No.2 Input ............ . ...............................• 
Plate Dissipation ........................... . 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Grid-No.2 Voltage .. . . . . . . . . . . . . . . . . . . . . . . . 250 
Grid-No.1 (Control-Grid) Voltage .................. 0 
Peak AF Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Current .......................... 100. 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current .. _ . . . . . . . . . . . . . . . . . . 22. 
Maximum-Signal Grid-No.2 Cu),rent ............... . 
Plate Resistance (Approx.) ...................... .. 
Tl'snsc""onductance ............. , .................. . 
Load Resistance ........ _ ......................... . 
Total Hal'monic Distortion . . .................... . 
Maximum-Signal Power Output ..................•• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

0.7 
9 

7.5 

350 
315 
2.2 
14 

250 
250 

-12.5 
12.5 

45 
47 

4.5 
7 

50000 
4100 
5000 

7 
4.5 

445 

pF 
pF 
pF 

volts 
volts 

watts 
,vatis 

volts 
vults 
volts 
volts 
rnA 
rnA 
rnA 
rnA 

ohms 
/-<mhos 

ohms 
pel' cent 

watts 

For fixed-bias operation ....................................• 0.1 megohm 
FOl' cathode-bias operation ................................... 0.5 megohm 

• This value can be measUJ'ed by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

~
: : 

H 3 .. :::. b G2 

---
2 - 7 

GJ K 
IS 

.J 
GI 

7BK 

SHARP-CUTOFF PENTODE 7543 
Miniature type used in compact audio equipment. Out­
lines section, 5C; requires miniature 7-contact socket. 
This type is identical with miniature type 6AU6A ex­
cept that it has a controlled hum characteristic. 

HUM OUTPUT VOLTAGE 
Average Value, (rms, cathode bypassed) ................. :....... 1.2t millivolts 
Average Value (rms, cathode unbypassed) ........................ 0.9. millivolt 
t Measured in "true rms" units under the following conditions: heater volts (ae), 6.3; center 
tap of heater transformer connected to ground; plate and grid-No.2 supply volts, 250; plate 
load resistor, 0.27 megohm; grid No.3 and internal shield connected to cathode at socket; 
grid-No.2 resistor, 0.68 megohm; grid-No.1 resistor, 0.1 megohm; cathode resistor, 1000 ohms; 
grid resistor of following stage, 10 megohms; and stage gain, 340 . 

• Same conditions as above except that cathode resistor is unbypassed and stage gain is 110. 

Refer to chart at end of section. 7591 

POWER PENTODE 7591 A 

~
G~ G;,I( 

p 3 ::: 6 GJ 

\I 2 7 H 

J 8 G2 

Glass octal type used as audio-frequency power-out­
put tube in high-quality audio applications. Outlines 
section, 13D; require octal socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, ±200 peak, 100 average. 

aK(l 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ...................................................• 
Grid-No.2 (Screen-Grid) Voltage ................................• 
Cathode Current ................................................• 
Plate Dissipation ..................... , ......................... . 
Grid-No.2 Input .. ____ . _ . __ . __ . _ .. ___ . _ . _. _. ___ .. _ .. _ . __ . ___ • __ .• 

500 
440 

90 
19 

3.3· 

voJts 
volts 

rnA 
watts 
watts 
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TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ..................................................• 
Grid-No.2 Voltage ............................................... . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current ....................................... . 
Maxbnum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current .............................• 
Triode Amplification Factor· .................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Load Resistance , ............................................... . 
Total Hal'monic Distortion ...................................... . 
Maximum-Signal Power Output ................................. . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

30.0. 
30.0. 

-16 
10 
66 
75 

8 
15 

16.8 
29666 
16266 

30.66 
13 
11 

volts 
volts 
volts 
volts 
rnA 
rnA 
rnA 
rnA 

ohms 
pmhos 

ohm. 
per cent 

watts 

For fixed-bias operation .....••............................... 0..3 megohm 
For cathode-bias operation.............. ........ .... ......... 1 megohm 

• Grid-No.2 input may reach 6 watts during peak levels of speech and music signals. 
* Triod.e connection. grid No.2 connected to plate. 

Push-Pull Class ABt Amplifier 
MAXIMUM RATINGS (Same as for Class At Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ......................... . 
Grid-No.2 Supply Voltage ..................... . 

Fixed Bia. 
350. 450 
350 406 

Grid-No.1 Supply Voltage ..................... . -15.5 -21 
Cathode-Bias Resistor 

(Common to both cathodes) ..............•• 
Peak AF Grid-No.l-to-Grid-No.1 Voltage ...... 31 42 
Zel'o-Signal Plate Current ...................... 92 66 
Maximum-Signal Plate Current ................ 136 144 
Zero-Signal Grid-No.2 Current .................. 13 9.4 
Maximum-Signal Grid-No.2 Current ............ 28.6 So. 
Effective Load Resistance (Plate-to-plate) .....•. 660.6 660.0. 
Total Harmonic Distortion ..................... 2 1.5 
Maximum-Signal Power Output ................ 36 45 

7695 Refer to chart at end of 

7868 POWER PENTODE 

N oval' type used in output stages of high-fidelity audio 
amplifiers and radio receivers. Outlines section, He or 
30D; requires novar 9-contact socket. This tube, like 
other power-handling tubes, should be adequately ven­
tilated. 

Heater Voltage (ac/de) ......................................... . 
Heater Current ................................................. . 
Heater-Ca thode Voltage: 

Peak value .................................................• 
Average value .............................................. . 

Dh-ect Interelectrode Capacitances (Approx.): 
Gdd No.1 to Plate ........................................•.• 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......•.•• 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Sc.reen-Grid) Voltage ...•............................. 
Average Cathode Current ......•....•............................ 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ............................. . 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (C!,ntrol-Grid) Voltage .... ,' .......................... . 
Peak AF GrId-No.1 Voltage ...................................•• 
Zero-Signal Plate Current ....................................... . 
Maximum-Signal Plate Current .............................•.... 
Zero-Signal Grid-No.2 Current ..................................• 
Maximum-Signal Grid-No.2 Current ..•.•....•.••.•••.••.••••.••••• 

Cathode Bias 
450. 
400 

266 
28 
82 
94 

11.5 
22 

90.0.0. 
2 

28 

section. 

6.3 
0..8 

H 

±20.6 max 
10.0. max 

0..15 
11 
4.4 

556· 
440. 

96 
19 
3.3· 
246 

SOO 
300 

-16 
16 
66 
75 

8 
15 

volt. 
volts 
volts 

ohms 
volts 

rnA 
mA 
rnA 
rnA 

ohms 
per cent 

watts 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

rnA 
watts 
watts 

·C 

volts 
volts 
volts 
volts 

rnA 
rnA 
rnA 
rnA 



TECHNICAL DATA 

Plate Resistance (Approx.) .....•.•......•......•.•.•..•••.•••..• 
Transconductance .............................................. . 
Effective Load Resistance .......................................• 
Total Harmonic Distortion ...................................... . 
Maximum"Signal Power Output .................................• 
MAXIMUM CIRCUIT VALUES 
Grid"No.1"Circuit Resistance: 

For fixed"bias operation ....................................• 
For cathode-bias operation .................................. . 

• In push"pull circuits where the grid No.2 of each tube is connected 
winding of the output transformer, this maximum rating is 440 volts . 

29000 
10200 

3000 
13 
11 
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ohms 
/Lmhos 
ohms 

per cent 
watts 

0.3 megohm 
1 megohm 

to a tap on the plate 

• Grid No.2 input may "each 6 watts during peak levels of speech and music signals. 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for class Al amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Fixed Bias 
Plate Supply Voltage .......... 300 350 400 450 450 
Grid"No.2 Supply Voltage ...... 300 350 350 350 400 
Grid-No.1 Voltage ............. -12.5 -15.5 -16 -16.5 -21 
Cathode"Bias Resistor (Common 

to both cathodes) . . . . . . . . . . . 
Peak AF Grid"No.1"to-

Grid"No.1 Voltage ........... 25 31 32 33 42 
Zero"Signal Plate Current ..... 74 72 64 60 40 
Maximum"Signal Plate Current. 116 130 135 142 145 
Zero-Signal Grid-No.2 Current . 10 9.5 8 7.2 5 
Maximum"Signal Grid"No.2 

Current .................... 28 32 28 26 30 
Effective Load Resistance 

(Plat~to"plate) ............. 6600 6600 6600 6600 6600 
Total Harmonic DistOl'tion .... 5 2.5 2 2,5 
Maximum"Signal Power Output 24 30 34 38 

TYPE 7868 1. 
N GRID-No.2 VOLTS=300 

t! 250 .1 .!\\IOL~;9--
'" ..2R~~ 
~~200~~~~~---;----t----r---t---i 
dj V 
i~ 15°ti~II---t--~t:::+==:=-fL"--j-----j -o::::l 
~~ 100'~~+---~--~~-+--~----~--4 ~ --'15' .., 
t!. 
.... 
li 
...J 
Il. 

:tb -10 
1'" 

/"(, 
~ - -15 E£i=O 

--"20- 'I 
o 100 200 300 400 500 600 

PLATE VOLTS 92CS-II075T 

Push-Pull Class AB, Amplifier 

5 
44 

Cathode 
Bias 
450 volts 
400 volts 

volts 

170 ohms 

:31 volts 
86 rnA 
94 mA 
10 mA 

20 rnA 

10000 ohms 
2 pel' cent 

28 watts 

Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer· 
MAXIMUM RATINGS (Same as for class Al amplifier) 
TYPICAL OPERATION (Values are for two tubes) Fixed Bias Cathode Bias 
Plate Supply Voltage .......................... ,.. 400 425 volts 
Grid .. No.2 Supply Voltage ......................... * * volts 
Grid-No.1 Voltage ., ....................... ,....... -2<1.5 volts 
Cathod~Bias Resistor (Common to both cathodes) ,. 41 185 -ohms 
Peak AF Grid"No.1-to-Grid-No.1 Voltage ....... ,.... 42 volts 
Zero-Signal Plate Current .............. , ... ,...... 60 88 rnA 
Maximum-Signal Plate Current .......... , ...... ,.. 115 100 rnA 
Zer~Signal Grid-No.2 Current ..................... 8 12 mA 
Maximum"Signal Grid"No.2 Current ....... , ....... , 18 16· rnA 
Effective Load Resistance (Pla~to-plate) .......... 6600 6600 ohms 
Total Harmonic Distortion ........................ 2.5 3.5 per cent 
Maximum-Signal .Power Output ................... ·.23 21 watts 

• Grid No.2 supply voltage is obtained from taps on the primary winding of the output trans­
former. The taps are located on each side of the center, tap (B+) so as to apply 50 per cent 
of the plate signal voltage to the grid No.2 of each output tobe. 

Refer to chart at end of s~ction. EM84/6FG6 
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RCA Types for 

Key to Chart: Type numbers shown in light face 
are discontinued types. Outline numbers refer to 
diagrams shown in the Outlines section later in 

RCA Out· Basing Heater or Use 
Name line Dia· Filament (F) Values to right give operat-

Type gram Volts Amperes ing conditions and character-
istics for indicated typical use 

OZ4 FUll-Wave Gas Rectifier 2A 4R Rectifier 

OZ46 Full-Wave Gas Rectifier 29D 4R Rectifier 

lA3 Diode 5C 5AP 1.4 0.15 Rectifier 

lA4P Remote-Cutoff Pentode 248 4M 2.0F 0.06 Class A Amplifier 

lA5GT Power Pentode 13D 6X 1.4F 0.05 CI~ss A Amplifier 

lA6 Pentagrid ConYerter 248 6l 2.0F 0,06 Converter 

1A7GT Pentagrid ConYerter 14A 7Z l.4F 0.05 Convert~r 

lAC5 Power Converter 29A 8CP 1.25F 0.04 Class A Amplifier 

lAD5 Sharp-Cutoff Pentode 29A BCP l.25F 0.04 Class A Amplifier 

lAX2 Half-Wave Rectifier 7A 9V 1.4F 0.65 Pulsed Rectifier in TV Receivers 

lB3GT Half-wave Rect.ifier 14E 3C 1.25F 0.2 Pulsed Rectifier in TV Receivers 

lB4P Sharp-Cutoff Pentode 248 4M 2.0F 0.06 Class A Amplifier 

IB5/ Twin Diode-Medium-Mu Triode 22 Dr 6M 2.0F 0.06 Triode Unit as Class A Amplifier 
25S 13H 

lB7GT Pentagri~ Converter 14A 7Z 1.4F 0.10 Converter 

lC5GT Power Pentode 130 6X 1.4F 0.10 Qlass A Amplifier 

lC6 Pentagrid Converter 24B 6l 2.0F 0.12 Conver~er 

lC7G Pentagrid Converter 23 7Z 2.0F 0.12 Converter 

lD5GP Remote-Cutoff Pentode 2! 5V 2.0F 0.06 Class A Amplifier 
/ 

ID5GT Remote-Cuteff Tetrode 23 5R 2.0F 0.06 Class A Amplifier 

ID7G Pentagrld Converter 23 7Z 2.0F 0.06 Converter 

Pentode Unit as Class A 

ID8GT Diode-Triode-Power Pentede 1411 8AJ 1.4F 0.10 Amplifier 
Triode Unit as Class A 

Amplifier 

IDN5 Diode4emiremole-Cutet ,p •• telle 5C GBW 1.4F 0:5 Pentadii' Unit as Class A 
.,...:" . '- ~ , - ~~;-.'" .AllIjllifier ·4 t;" "'*""!$'" . 

" 



Replacement Use 

the Manual (see Table of Contents on inside front 
cover). Basing diagrams are included in numeri­
cal-alphabetical order at the end of the chart. 

Grid Bias Screen 
or Grid Plate AC Plate Trans· 

Cathode Screen Cur- Cur- Resist- conduct-
Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

449 

Power 

Amplir .. IICA 
cation Out-
Factor Load put Type 

Ohms Watts 

Starting-Supply Voltage per Piate, 300 min. peak volts 
DC Output Current, 75 max., 30 min. mA 
Starting-Supply Voltage per Plate, 300 min. peak volts 
DC Output Current, 75 max., 30 min. mA 

Peak Plate Current, 200 max. mA OZ4 
DC Output Voltage, 300 max. VOI;.::ts:.:.. ___ _ 
Peak Plate Current, 200 max. mA OZ4G 
DC Output Voltage, 300 max. volts. 

Max. Peak Plate Inverse Volts, 330 
Max. Peak Plate mA, 5 

Max. DC Output rnA, 0.5 1 A3 
Max. Peak Heater-Cathode Volts, 140_--.-.-;-;;-

For other characteristics, refer to Type 1D5GP 
85 - 4.5V 85 0.7 3.5 300000 800 25000 0.100 
90 - 4.5V 90 1.1 4.0 300000 850 25000 0.115 

135 - 3V 67.5 2.5 1.2 400000 Anode-Grid (2): 180 max. volts 
ISO - 3V 67.5 2.4 1.3 500000 2.3 mA Oscillator-Grid (1) Resistor. 

90 OV 45 0.7 0.6 600000 
Anode-Grid (2): 90 volts, 1.2 mA 
Oscillator-Grid (1) ReSistor, 0.2 MQ 
Conversion Transcond., 250 micromhos 

45 - 3V 45 0.2 1.0 170000 600 40000 0.015 
67.5 - 4.SV 67.S 0.4 2.0 IS0000 750 25000 0.050 
30 OV 30 0.16 0.45 700000 430 
67.5 OV 67.5 0.75 1.85 700000 735 

Max. Peak Inverse Plate Volts, 25000 
Max. Peak Plate rnA, 45 Max. Average Plate rnA, 0.5 

Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate mA, 50 Max. Average Plate mA, 0.5 

90 -7.SV 

135 - 3V 
ISO - 3V 

90 {- 3V 
ISO min. 

90 - 9V 

For other characteristics, refer to Type 1E5GP 

For other characteristics, refer to Type lH6tl 

For other characteristics, refer to Type 1A7GT 

90 3.5 7.8 115000 1550 SOOO 0.24 

For other characteristics, refer to Type lC7G 

67.5 
67.5 

2.5 
2.0 

1.3 
1.5 

SOOOOO 
700000 

Anode-Grid (2): 180 max. volts, 
4.0 mA Oscillator-Grid (1) Resistor. 
Conversion Transcond., 325 micromhos. 

67.5 
67.5 

0.9 
0.8 

2.2 
2.3 

600000 
1M 

720 
750 

For other characteristics, refer to Type lD5GP 

For other characteristics, refer to Type lA6 

90 1.0 5.0 925 12000 0.200 

IMP 
lA5GT 

IA6 

lA7GT 

lAC5 
lAD5 

lB3GT 
IB4P 
lB5/ 
25S 

IB7GT 
lC5GT 
lC6 

IC7G 

lD5GP 
ID5GT 
lD7G 

-----------------------lD8GT 
90 OV 1.1 43500 575 25 

67.5 OV 67.5 0.55 2.1 600000 630 IDN5 
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RCA Basin, Heater Dr Use 
Nallli Out- Ola- Fillllllent (f) Values to right give operat-

Typ. line gralll ing conditions and character-
istics for indicated typical use 

VDlts Alllperes 

lE5GP Sharp-CutDII' PentDd. 23 5Y 2.0F 0.06 Class A Amplifier 

lE7GT Twin Pawer PentDde 13D ac 2.0F 0.24 Class A Amplifier 

lEB Pentagrid CDn,erter 29A 8CN 1.25f 0.()4 Converter 

IF4 Pawer PentDde 28 5K 2.0F 0.12 Class A Amplifier 

IF5G Power Alllplifier Pentode 25 IX 2.0F n.12 Class A Amplifier 

IF6 Twin Dlode-Sharp-Cutoll' Pentode 23 8W 2.0F 0.06 Pentode Unit as Class A 
Amplifier 

IF7G Twin Dlode-Sharp-Cutoff Peatode 23 TAF 2.0F 0.06 Pentode Unit as Class A 
Amplifier 

IG4GT MediulII·Mu Triode 130 55 1.4F 0.05 Class A Amplifier 

IG5G Power Pentode 25 IX 2.0F 0.12 Class A Amplifier 

IG6GT Hlgh·Mu Twin Pawer TrlDde 130 7AB 1.4F 0.10 Class B Amplifier 

IH4G MedlulII-Mu Tried. 22 55 2.0F 0.06 
Class A Amplifier 
Class B Amplifier 

IH5GT Diode-Hllb-Mu TrlDde. 14A 5Z 1.4F 0.05 Triode Unit as Class A Amplifier 

IH6G Twin Dlode-MedlulII-Mu TriDde 22 7AA 2.0F 0.06 Triode Unit as Class A Amplifier 

IJ3 Half-Wave Rectifier 14£ 3C 1.25F 0.2 Pulsed Rectifier in TV Receiver. 

1J5G Power Pentode 25 IX 2.0f 0.12 Class It Amplifier 

1J6G Twla-TriDde Amplifiers 22 7AB 2.0F 0.24 Class B Amplifier IJ6GT 13F 

1K3 Half·Wave Rectifier 14B 3C 1.25F 0.2 Pulsed Rectifier in TV Receiver. 

m Pentaerld Co.Yerter 5C TDC 1.4F 0.05 Converter 

lLM Power Pentode 12B 5AD 1.4F 0.05 Amplifier 

llA6 pentierld Converter 128 7AK 1.4f 0.05 Converter 

1LB4 Power PentDde 12B 5AD 1.4F 0.05 Class A Amplifier 

llC5 Sharp-Cutoff PentDde 12B 7AO 1.4F 0.05 Class A Amplifier 

llC6 Peatagrld COlverter 12B 7AK 1.4F 0.05 Converter 

IlD5 Diode-5harp-Cu1off Penta de 12B lAX 1.4F 0.05 Pentode Unit as Class A 
Amplifier 

llE3 Medium:Mu TriDde 128 4AA 1.4F 0.05 Class A Amplifier 

IlG5 Remote·Cutoff Peatode 12B 7AO 1.4F 0.05 Class A Amplifier 

IlH4 Diode-High-Mu Triode 128 5AII 1.4F 0.05 Triode Unit as. Class A Amplifier 

1LH5 Sharp-Cutoll' Pentode 12B TAO 1.4F 0.05 Class A Amplifier 

IN2A Half-Wave Rectifier 19A 3C 1.25F 0.2 Pulsed Rectifier in TV Receiver. 

1N5GT Sharp·Cutoff Pentede 14A 5Y 1.4F 0.05 Class A Amplifier 

IN6G Diode-Power PentDde 21A TAM 1.4F 0.05 Pentode Unit as Class A 
Amplifier 

IP5GT RellDte-CutDff PentDde 14A 5Y l.4F 0.05 Class A Amplifier 

1Q5GT Bealll 'Dwer Tu •• 130 IAF 1.4F 0.1 Class A Amplifier 



RCA TYPES FOR REPLACEMENT USE 451 

Power 
Grid Bias Screen 

or Grid Plate AC Plate Trans- Amplifi- RCA 
Cathode Screen Cur- Cur- Resist- conduct- cation Out-

Plate Resistor Grid rent rent ance ance Flctor LOld put Type 
Yolts Yolts mA mA Ohms Micromhos Ohms Watts 

90 - 3V 67.5 0.7 1.6 1M 600 1E5GP 180 - 3V 67.5 0.6 1.7 1.5 M 650 
135 -7.5V 135 3.5 10.5 24000 0.575 mGT 
45 OV 45 1.1 0.6 400000 Oscillator Grid (1) Resistor, 0.1 MO 1E8 67.5 OV 67.5 1.5 1.0 400000 Conversion Transcond., 150 micromhos 

For other characteristics, refer to Type IF5G IF4 
90 3V 90 1.1 4.0 240000 1400 20000 0.11 1F5G 135 - 4.5V 135 2.4 8.0 0.31 

For other characteristics, refer to Type IF7G IF6 
180 - 1.5V 67.5 0.7 2.2 IF7G 
90 - 6V 2.3 10700 825 8.8 IG4GT 
90 - 6V 90 2.5 8.5 133000 1500 8500 0.25 1G5G 135 -13.5V 135 2.5 9.7 160000 1550 9000 0.55 
90 OV 11 12000 0.350 IG6GT 

180 -13.5V 3.1 10300 900 9.3 IH4G 157.5 -15V 1.00 8000 2.lt 
90 OV 0.15 240000 275 65 IH5GT 

135 - 3V 0.8 35000 575 20 1H6G 
Max. Peak Inverse Plate Volts, 26000 (Abs.) 
Max. Peak Plate rnA, 50 Max. Average Plate rnA, 0.5 1J3 

135 -16.5V 135 2.0 7.0 105000 950 13500 0.45 lJ5G 
135 OV Power Output is for one tube at IDOOO 2.1 IJ6G 
135 - 3V stated plate-la-plate load 10000 1.9 1J6GT 

Max. Peak Inverse Plate Volts, 26000 (Abs.) 
Max. Peak Plate rnA, 50 Max. Average Plate rnA, 0.5 lK3 

90 OV 45 0.6 0.5 650000 
Anode-Grid (2): 90 max. volts, 1.2 rnA 
Oscillator Grid (1) Resistor, 0.2 MO 
Conversion Transcond, 300 micromhos 

1L6 

For other characteristics, refer to Type lA5GT lLA4 

90 OV 65 0.6 0.55 750000 
Total Cathode rnA, 4 
Conversion Transcond. (for grid-No.4 llA6 
bias of -3 volts), 10 micromhos 

For other characteristics, refer to Pentode Unit of Type 1D8GT lLB4 
45 OV 45 0.35 1.10 700000 750 llC5 90 OV 45 0.30 1.15 1M 775 

45 OV 35 0.75 0.70 300000 Anode-Grid (2): 50 max. volts, 1.4 rnA 
lLC6 90 OV 35 0.70 0.75 650000 Oscillator-Grid (1) Resistor, 0.2 MO 

Conversion Transcond., 275 micromhos 

90 OV 45 0.1 0.6 750000 575 lLD5 
90 OV 4.5 11200 1300 14.5 lLE3 90 - 3V 1.4 19000 760 14.5 
90 OV 45 0.4 1.7 1M 800 lLG5 90 - 1.5V 90 0.9 3.7 500000 1150 

For other characteristics, refer to Type IH5GT lLH4 
90 OV 90 0.35 1.6 l.lM 800 1LN5 

Max. Peak Inverse Plate Volts (Total DC and Peak), 28000 
Max. Peak Plate rnA, 50 

Max. Average Plate rnA, 0.5 IN2A 
90 OV 90 0.3 1.2 1.5 M 750 lN5GT 
90 - 4.5V 90 0.6 3.1 300000 800 25000 0.1 IN6G 
90 OV 90 0.7 2.3 800000 750 IP5GT 

110 - 6.6V 110 1.4 10 100000 2200 8000 0.4 lQ5GT 
t For two tubes at stated plate-ta-plate load. e For two tubes. 



,452 RCA RECEIVING TUBE MANUAL 

RCA Basil' Heater Dr Use 
'Name Out- 1)1a- Filament (f) Values to right give operat-

Typ' iii' gram ing conditions and character-
isticstor indicated typical us. 

Volts Amperes 

lR5 Pentagrid Converter 5C lAT 1.4F 0.05 Converter 

lS4 Power Pentode 5C lAV 1.4F 0.1 Class A Amplifier 

lS5 Diode-Sharp-Cutoff Pentode 5& &AU 1.4F 0.05 Pentode Unit as AF Amplifier 

114 Remote-Cutoff Penta de 5C BAR 1.4F 0.05 Class A Amplifier 

1T5GT Beam Power Tube 130 6X 1.4F 0.05 Class A Amplifier 

1T6 Diode-Sharp-Cutoff Pentode 29A 8DA 1.25F 0.04 Pentode Unit as Class A 
Amplifier 

1U4 Sharp-Cutoff Pentode 5C 6AR 1.4F 0.05 Class A Amplifier 

lU5 Diode-Sharp-Cutoff Pentode 5C SBW 1.4F 0.05 Pentode Unit as Class A 
Amplifier 

IV Half-Wave Rectifier 22 or 4G 6.3 0.3 With Capacitive-Input Filter 13H 

lX2A Half-Wave Rectifier lA SV L25F 0.2 Pulsed Rectifier in TV Receivers 

Class A Amplifier 
2A3 Power Triode 21B 40 2.5F 2.5 

Push-Pull Class ABl Amplifier 

2AS Power Pentode 28 6B 2.5 1.75 Amplifier 

2A6 Twin Diode-HlglI-Mu Triode 24B 66 2.5 0.8 Triode Unit as Amplifier 

2A7 Pentagrid Converter 24B 7C 2.5 0.8 Converter 

2AF4A Medium-Mu Triode 5B 10K 2.35 0.6 Class A Amplifier 

2B7 Twin Diode-Remote-Cutoff 24B 70 2.5 0.8 Pentode Unit as Amplifier Pentode 
2BN4 Medium-Mu Triode 5C lEG 2.3 0.6 Class A Amplifier 

2E5 Electron-Ray Tube 22 Dr 6R 2.5 0.8 Visual Indicator 13H 

2EN5 Twin Diode 5C lFL 2.1 0.45 Horizontal Phase Detector 

3A2 Half-Wave Rectifier lA 9DT 3.15 0.22 Pulsed Rectifier in TV Receivers 

3A3 Haif-Wave Rectifier 14E 8EZ 3.15 0.22 Pulsed Rectifier in TV Receivers 

1.4F 0.1 
Triode Unit as Class A Amplifier 

3A8GT o iode-Triode-Pentode 29G BAS 2.8F 0.05 Pentode Unit as Class A 
Amplifier 

3B2 Hllf-Wave Rectifier 21C BGH 3.15 0.22 Pulsed Rectifier in TV Service 

3BCS Sharp-Cutoff Pentode 5C lBO 3.15 0.6 Class A Amplifier 

3BN4 Medium-Mu Triode 5C lEG 3.0 0.45 Class A Amplifier 

3DT6 Sharp-Cutoff Pentode 5C lEN 3.15 0.6 Class A Amplifier 

3EA5 Sharp-Cutoff Tetrode 5C lEW 2.9 0.45 Class A Amplifier 

3GS8/ Sharp-Cutoff Twin Pentode BE 9LW 3.15 0.6 Class A Amplifier 
3BUB (With both sections operating) 

3HA5 H igh-Mu Triode 5A 16M 2.7 0.45 Class A Amplifier 

3LF4 Beam Power Tube 12B 6RA 1.4F 0.1 Class A Amplifier 2.8F 0.05 

3Q4 Power Pentode 5C lBA 1.4F 0.1 Class A Amplifier 2.8F 0.05 

3Q5GT Beam Power Tube 130 lAP 1.4F 0.1 Class A Amplifier 2.8F 0.05 



RCA TYPES FOR REPLACEMENT USE 

Power 
Grid Bias Screen 

Dr Grid Plate AC Plate Trans- Amplifi-
Cathode Screen Cur- Cur- Resist- conduct- cation Out-

Plate Resistor Grid rent rent ance ance Factor Load put 
Volts Volts mA mA Ohms Micromhos Ohms Wa~s 

45 OV 45 2.1 0.7 500000 Conversion Transcond., 210 .umhos 
90 OV 67.5 400000 Conversion Transcond., 280 .umhos 3.5 1.5 
45 - 4.5V 45 0.8 3.8 100000 1250 8000 0.065 
90 -7V 67.5 1.4 7.4 100000 1575 8000 0.27 

Plate Supply, 90 V applied through 1 MO resistor. Screen Supply, 90 V applied 
resistor. Gnd Bias, 0 volts. Grid Resistor, 10 megohms. Voltage Gain, 66 approx. 

through 3.1 MO 

45 OV 45 0.7 1.7 350000 700 
90 OV 67.5 1.4 3.5 500000 900 
90 - 6V 90 O.S 6.5 250000 1150 14000 0.17 
45 OV 45 0.21 0.75 500000 475 
67.5 OV 67.5 0.4 1.6 400000 600 
90 OV 90 0.50 1.1 1M 900 

67.5 OV 67.5 0.4 1.6 600000 625 

Max. AC Plate Volts (RMS), 325 
Max. DC Output mA, 45 

Min. Total Effective Plate-Supply Impedance: Up to 117 
volts, 0 ohms; at 150 volts, 30 ohms; at 325 volts, 75 ohms 

Max. Peak Inverse Plate Volts, 20000 
Max. Peak Plate mA, 45 Max. Average Plate mA, 0,5 

250 -45V 
300 7S000 
300 -62V 

so 1500 

150 2200 

60,0 SOO 5250 4.2 2500 
SO,Oo 
SO.Oo 

For other characteristics, refer to Type 6F6G 
For other characteristics, refer to Type 6SQ7 

For other characteristics, refer to Type 6AS 
17.5 2100 6500 13,5 

For other characteristics, refer to Type 6BSG 

6300 6800 43 

5000 
3000 

3,5 
10.0t 
15,Ot 

453 

RCA 

Type 

lR5 

1S4 

1S5 

114 
1T5GT 

1T6 
1U4 
1U5 

lV 

1X2A 

2A3 

2A5 
2A6 
2A7 

2AF4A 
2B7 
2BN4 

For other characteristics, refer to Type 6E5 2E5 
{Max, Peak Heater-Cathode Volts, ±200 Max, DC Plate mA,5 2EN5 

DC Volts Not to Exceed +100 
Max. Peak Inverse Plate Volts, lS000 Max, Average Plate mA, 1.5 3A2 
Max, Peak Plate mA, 80 
Max, Peak Inverse P'"la~t:-e "'V-':;oILts=-, ""30""0'"'00,.---------M-a-x,-A-v-er-a-ge-PI-at-e-m-A-, -1-,7-----3-A-3· 
Max, Peak Plate mA, S8 

90 OV 0.2 200000 325 65 

90 OV 90 0,5 1.5 800000 750 3A8GT 
Max. Peak Plate mA, 80 Max. DC Inverse Plate Volts, 25000 3B2 
Max. Total DC & Peak Inverse Plate Volts, 35000 (AbS;;c.),.-----,="'M"'ax;.:, . .:..:A.:..:ve;.:,ra""g::,e...:P.:.:la:.:te:...:;:m""A,""'l::.,l=-_________ -

~~ 1800 i~~ ~:1 g ~~~~~ ~: 3BC5 

_-~~l~-O~~~~~~~~~~~~~~~~_F-_o __ r_o...:th...:e~r_c_ha_ra...:c...:te_ri_st_ic...:s.:.:,...:re~fe_r_t_o~T...:yp.:.:e_6_B_N4 ____________________ ~33DBT~64 560 100 2.1 1.1 150000 515 

250 -IV 140 0.95 10 150000 SOOO 3EA5 

135 

110 
lJO 

870 

6,6V 
- 6.6V 

For other characteristics, refer to Type 4GS8j4BUS 

10 19 
11.5 

1000 20000 
5600 14500 

For other characteristics, refer to Type 3Q5GT 

110 
110 

For other characteristics, refer to Type 3V4 

1.4 
1.1 

10,0 
S,S 

100000 
110000 

2200 
2000 

80 
72 

t For two tubes at stated plate-to-plate load, 

8000 
SOOO 

0,40 
0,33 

3GSS! 
3DU8 
3HA5 

3LF4 

3Q4 
3Q5GT 

o For two tubes, 



454 RCA RECENING TUBE MANUAP 

RCA Basil' N.atar .r US, 
Ma •• Out- , Ola- FlllfIlent (f) Values to right give operat-

TYp. Ii., ,r. in~ conditions and character-
Is ics for indicated typical use 

Volts Amperes 

354 Power Penta., SC lBA 1.4F 0.1 Class A Amplifier 2.8F 0.05 

3V4 Power PeDtode 5C I8X l.4F 0.1 Class A Amplifier 2.BF 0.05 
4BC5 Slmp-Cutelf Peatl. 5C lBD 4.2 0.45 Class·A Amplifier 

4DT6 Sharp-Cutalf Peltode 5C lEM 4.2 0.45 Class A Amplifier 

4GSa Sharp-Catalf Peatode BE ILW 4.2 0.45 Class A Amplifier 

4GS8/ Sharp-Cutalf Twin 'eDta~e IE ILW 4.2 0.45 Class A Amplifier 
4Bot (With both sections operating) 

5AS4 FUll-Wave Rectifi,r 21A 5l 5.0F 3.0 With Capacitive-Input Filter 

5AU4 
With Capacitive-Input Filter 

FUll-Wave Rectifier 1911 5T 5.0F 3.75 
With lilductive-Input Filter 

5AW4 Full-Wile Rectifier 11N ST 5.0F 3.7 Rectifier 
5AZ4 Full-Will Rectifier 12C 5T 5.0F 2.0 

5BEB M.~lu.-Mu Trio.e-U.rp-Cutllf Triode Unit as CI~ss A Amplifier 
Pelltl.e IB lEG 4.7 0.6 Pentode Unit as Class A 

Amplifier 
5BTB Twin-D iad.-Uup-Cutalf ,enta.e 8B IFE 4.7 0.6 Class A Amplifier 

5Cl8 Medium-Mu Trlad_ 18 IFX 4.7 0.6 Triode Unit as Class A Amplifier 

NI,h-Mu Trilde-Sh.rp-Cutolf Triode Unit as Class A Amplifier 
5CM8 Peatade IB SFZ 6.3 0.45 Pentode Unit as Class A 

Amplifier 

Hllh-Mu Triade-Sharp-Cutlff Triode Unit as Class A Amplifier 
5DH8 Pentade IB SEG 5.2 0.6 Pentode Unit as Class A 

Amplifier 

5T4 FUll-Wave Rectifier 4 ST 
With Capacitive-I nput filter 

5.oF 2.0 
With Inductive-Input Filter 

5U4G FulI-Wawe Rectifier 218 ST 5.0F 3.0 With Capacitive-Input Filter 

With Capacitive-Input Filter 

5V3 Full-Wne Rectifier 11E 5T 5.0F 3.8 
With Inductive Input Filter 

5W4 Full-Wave Rectifier 28 5T 5.0F 1.5 With Capacitive-Input Filter 5W4GT 13E 5T 

5X4G full-Wave Rectifier 21B SQ 5.0F 3.0 

5Y3G Full-WIWIt Rectifier 25 5T 5.0F 2.0 With Capacitive-Input Filter 

5Y4G 25 5Q 
5Y4" FUll-Wive Rectifier 19E 5a 5.0F 2.0 
5Y4GT 13£ sa 

5Z3 FUll-Wave Rectifier 21B 4C 5.0F 3.0 

5Z4 Full-Wave Rectifier 28 5L 5.G 2.0 
With Capacitive-Input Filter 
With Inductive-Input Filter 

6A3 Pilwer Triade 218 4D 6.3F 1.0 Amplifier 

6AG Hi,II-Mu Twin Power Trim. 28 7B 6.3 O.lt Amplifier 



RCA TYPES FOR REPLACEMENT USE 

Grid Bias Screen 
or Grid Plate AC Plate Trans· 

Cathode· , Screen Cur· Cur· Resist· conduct· 
Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

90 -7V 67,5 1.4 7.4 100000 1575 
90 -7V 67.5 1.1 6.1 100000 1425 
90 - 4.5V 90 2.1 9.5 100000 2150 
90 - 4,5V 90 1.7 7.7 120000 2000 

250 1800 150 2.1 7.5 800000 5700 

150 560 100 2.1 1.1 150000 515 

Power 

Amplifi· 
cation 
FactDr Load 

Ohms 

8000 
8000 

10000 
10000 

Out· 
put 

Watts 

0.27 
0.235 
0.27 
0.24 

455 

RCA 

Type 

3S4 

3V4 
4BC5 
4DT6 

For other characteristics, refer to Type 4GS8/4BU8 4GSB 
100 67.5 6.0 Grid·No. 3 volts, each section, 10 

=~10:0==============6~7~.5=,~~3.~6=~==,2~.0~=~~~G~ri1d-~N~0.=3~V~0~lt~s,=e~ac~h~s~ec~tjio~n,~0~~==========\~~' 
: Grid current adjusted for 100 microamperes DC 

Max. AC Volts per Plate (RMS), 550 Max. DC Output rnA, 300 Min. Total Effect. Supply 5AS4 
Max. Peak Inverse Volts, 1550 Max. Peak Plate rnA, 1000 Imped. per Plate, 97 ohms 
Max. DC Output rnA, 325 for AC Volts per Plate, 400 Max. Peak Inverse Volts, 1400 
and Total Effect. Supply Imped. per Plate, 50 ohms Max. Peak Plate rnA per Plate, ]075 
Max. DC Output rnA, 325 for AC Volts per Plate, 500 and Input Choke 10 henries 
Max. Peak Inverse Volts, 1400 Max Peak Plate rnA per Plate, 1075 
Max. Peak Inverse Volts, 1550 Max. Peak Plate rnA per Plate, 750 

For ratings and characteristics, refer to Type 5Y3GT 
150 560 18 5000 8500 40 

250 680 110 3.5 10 400000 5200 

200 1800 150 2.8 9.5 300000 6200 

125 - IV 14 5000 8000 40 

For other characteristics, refer to 6CMS 

250 3900 7.3 12000 4400 53 

125 560 125 3.8 13.5 150000 8600 

Max. AC Volts per Plate (RMS), 450 Max. DC Output rnA, 225 Min. Total Effect. Supply 
Max. Peak Inverse Volts, 1550 Max. Peak Plate rnA, 675 Imped. per Plate, 150 ohms 
Max. AC Volts per Plate (RMS), 550 Max. DC Output rnA, 225 Min. Value of Input Choke, 
Max. Peak Inverse Volts, 1550 Max. Peak Plate mH, 675 10 henries 
Max. AC Volts per Plate (RMS), 450 Max. DC Output rnA, 225 Min. Total Effect. Supply 
Max. Peak Inverse Volts, 1550 Max. Peak Plate rnA, 675 Imped. per Plate, 170 ohms 
Max. AC Volts per Plate (RMS), 425 Max. DC Output rnA, 350 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA per Plate, 1200 

Min. Total Effect. Supply Imped. per Plate, 56 ohms 
Max. AC Volts per Plate (RMS), 500 Max. DC Output rnA, 350 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA per Plate, 1200 

Min. Value of Input Choke, 10 henries 

Max. Peak Inverse Volts, 1400 Max. DC Output rnA, 100 

For other ratings, refer to Type 5U4G 
Max. AC Volts per Plate (RMS), 350 Max. DC Output rnA, 125 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA, 440 

Max. Peak Plate mA,300 

Min. Total Effect. Supply 
Imped. per Plate, 50 ohms 

Max. Peak Plate rnA, 375 (5Y 4G) 
Max. Peak Plate rnA, 400 (5Y4GA, 5Y4Cn For other ratings, refer to Type 5V3G 

For other ratings, refer to Type 5U4G 
Max. AC Volts per Plate (RMS), 350 Max. DC Output rnA, 125 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA, 375 
Max. AC Volts per Plate (RMS), 500 Max. DC Output mAl 125 
Max. Peak Inverse Volts, 1400 Max. Peak Plate lIlA, 375 

For other characteristics, refer to Type 684G 

For other characteristics, refer to Type 6N7GT 

Min. Total Effect Supply 
Imped. per Plate, 50 ohms 
Min, Value of Input Choke, 

S henries 

5AU4 

5AW4 
5AZ4 

5BES 

5BTB 
5Cl8 

5CMB 

5DH8 

5T4 

5U4G 

5V3 

5W4 
5W4GT 
5X4G 
5Y3G 
5Y4G 

5Y4GA 
5Y4GT 

5Z3 

5Z4 

6A3 
6AG 



456 RCA RECEIVING TUBE MANVAL 

RCA Basing Heater or Use 
Name Out- Oia- Filament (F) Values to right give operat-

Type line gram ing conditions and character-
istics for indicated typical use 

Volts Amperes 

6A7 Pentagrid Converter 24B 7C 6.3 0.3 Converter 6A7S 24B 

6AB 3 8A 
6A8G Pentagrid Converter 23 8A 6.3 0.3 Converter 

6A8GT 14A 8A 

6AB5! EI~ctron-Ray Tube 22 or 6R 6.3 0.15 Visual Indicator 6N5 13H 

6AB7 Sharp-Cutoff Pentode 2A 8N 6.3 0.45 Class A Amplifier 
Class B Amplifier 

6AC5GT High-Mu Power Triode 130 6Q 6.3 0.4 Dynamic-cougled Amplifier With 
7 Driver 

6AC7 Sharp-Cutoff Penlode 2A 8N 6.3 0.45 Class A Amplifier 

6AD6G Eleclron-Ray Tube 29£ 7AG 6.3 0.15 Visual Indicator 

Triode Unit as Class A Amplifier 
6AD7G LoW-Mu Triode-Power Pentode 25 8AY 6.3 0.85 Pentode Unit as Class A 

Amplifier 

6AE5GT Low-Mu Triode 130 8Q 6.3 0.3 Class A Amplifier 

Remote Cutoff Triode 
6AE6G Twin-Plate Control Tube 22 TAH 6.3 0.15 

,Sharp-Cutoff Triode 

6AElGT Twin-Input Triode 130 7AX 6.3 0.5 Class A Amp. 

6AH4GT Low-Mu Triode 130 8EL 6.3 0.75 Vertical Deflection Amplifier 

6AH& Sharp-Cutoff Pentode 5C 7BK 6.3 0.45 Class A Amplifier 

6AL7GT Electron-Ray Tube 13C 8CH 6.3 0.15 Visual Indicator 

&AM4 l HigJt.Mu Triode &A 9BX 6.3 0.225 Class A Amplifier 

6.3 0.45 
Diode Unit 

6AM8 Oiode-Sbarp-Cutoff Pentode 6B 9CY 6.3 0.45 Pentode Unit as Class A 
Amplifier 

6ANB Medium-Mu Triode-Sharp-Cutoff 6.3 0.45 
Triode Unit as Class A Amplifier 

Pentode 6B 90A 6.3 0.45 Pentrode Unit as Class A 
Amplifier 

6AQ5 Beam Power Tube 50 7BZ 6.3 0.45 Single Tube Class A Amplifier 
6.3 0.45 Push-Pull Class A1 Amplifier 

6AQ6 Twin-Diode-High-Mu Triode 5C 7BT 6.3 0.15 Triode Unit as Class A Amplifier 

&AQ7GT Twin-Oiode-High-Mu Triode 130 8CK 6.3 0.3 Triode Unit as Class A Amplifier 

6AR5 Power Pentode 50 ICC 6.3 0.4 Class A Amplifier 
Dual Triode Unit as Class A 

BAS11 Dual Triode-$harp-Cutofl 8B 120P 6.3 1.05 
Amplifier 

Pentode Pentode Unit as Class A 
Amplifier 

6ATB Medium-Mu Triode- 18 90W 6.3 0.45 Triode Unit as Class A Amplifier 

6AU4GT Half-Wave Rectifier 13G 4,CG 6.3 1.8 Television Damper Service 

6AlI6 Sharp-Cutoff Pentad. 5C 7BK 6.3 0.3 Class A Amplifier 6.3 0.3 



RCA TYPES FOR REPLACEMENT USE 457 

Power 
Grid Bias Screen 

or Grid Plate AC Plate Trans- Amplifi- RCA 
Cathode Screen Cur- Cur- Resist- conduct- cation Out-

Plate Resistor Grid rent rent ance ance Factor Load put Type 
Volts Volts mA mA Ohms Micromhos Ohms Watts 

For other characteristics, refer to Type 6A8 6A7 
6A7S 

Anode-Grid (2): 2S0 max. V, 4.0 mA 6AB 
2S0 - 3V 100 2.7 3.5 360000 Oscillator-Grid (1) Res. Conversion 6A8G 

Transcond., 550 JLmhos 6A8GT 
Plate & Target Supply _ 135 volts. Triode Plate Resistor _ 0.25 MO Target Current _ 2.0 mA 
Grid Bias, - 10.0 volts; Shadow Angle, 0'. Bias, 0 volts; Angle, go'; Plate Current, 0.5 mAo 6AB51 
Plate & Target Supply _ 135 volts. Triode Plate Resistor _ 1.0 MO Target Current _ 1.9 mA 
Grid Bias, - 15.5 volts; Shadow Angle, 0'. Bias, 0 volts; Angle, 90'; Plate Current, 0.13 mA 

6N5 
300 - 3V 200 3.2 12.S 700000 SOOO 6AB7 
2S0 OV 5.00 10000 8.Ot 

2S0 
Bias for both 6AC5GT and 76 is developed in coupling circuit 
Average Plate Current of Driver = 5.5 milliamperes 
Average Plate Current of 6AC5GT = 32 milliamperes 

7000 3.7 6AC5GT 

300 1600 150 2.5 10.0 1M 9000 6AC7 
Target Voltage, 150 volts. Control-Electrode Voltage, -50 volts; Shadow Angle, 135'; Target 

Current, 1.2 mA Control-Electrode Voltage, 75 volts; Angle, 0'; Target Current, 3 mA 6AD6G 
250 25V 3.7 19000 325 6 

250 -16.5V 2S0 6.S 34.0 80000 2500 7000 3.2 6AD7G 

95 -15V 7.0 3500 1200 4.2 6AE5GT 
250 -1.5V 6.5 25000 1000 25 
250 -35V 0.01 6AE6G 250 - 1.5V 4.5 35000 950 33 
250 - 9.5V 0.01 
250 -13.5V 10.0 4650 3000 14 6AE7GT 

Max. DC Plate Volts, 500 Max. Peak Positive-Pulse Plate Volts, 2000 6AH4GT Max. DC Cathods mA, 60 Max. Plate Dissipation, 7.5 watts 
300 1600 150 2.5 10.0 500000 9000 6AH6 

Target Voltage, 315 volts Grid Voltage for Pattern Cutoff, -7 volts approx. 
6AL7GT Grid Voltage = 0 volts Deflecting-Electrodes-No.1, No.2 and No.3 

Cathode Bias Res., 3300 ohms approx. Voltage, 0 
200 1000 10 8700 9800 85 6AM4 

Max. DC Plate mA, 5 Max. Peak Heater-Cathode Volts, ±200 

125 560 125 3.2 12.5 7800 6AM8 

150 - 3V 15 4500 4700 31 

125 560 125 3.8 12 170000 7800 6AN8 

180 - 8.5V 180 3.0 29.0 50000 3700 5500 2.0 
250 -12.5V 250 4.5 45.0 50000 4100 5000 4.5 6AQ5 
250 -15V 250 5.00 70.00 60000 10000 10.0t 
100 - IV 0.8 61000 1150 70 6AQ6 250 - 3V 1.0 58000 1200 70 
250 -2V 2.3 44000 1600 70 6AQ7GT 
250 -18V 250 5.5 32.0 90000 2300 7600 3.4 BAR5 
200 2200 9.2 4400 4400 41 
200 ..., 2V 7 12400 5500 68 BASll 
200 125 125 5.2 24 70000 10500 

125 - IV 12 6000 6500 40 - 6AT8 
Max. Peak Inverse Plate Volts, 4500 (Absolute) Max. Average Plate rnA, 175 6AU4GT Max. Peak Plate mA, 1050 Max. Plate Dissipation 6.0 watts 

100 1500 100 2.1 5.0 500000 3900 6AU6 250 68Q 150 4.3 10.6 1M 5200 

t For two tubes at stated plate-to-plate load. o For two tubes. 
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RCA Basinl Heater or Use 
Name Oat- Oia- Filament (F) Values to right give operat-

Type line gram ing conditions· and character-
istics for indicated typical use 

Volts Amperes 

6AU7 Medium-Mu TWin Triode 6B SA 3.15 0.6 Each Unit as Class A Amplifier 6.3 0.3 

Medium-Mu Triode-Sharp-Cutoff 
Triode Unit as Class A Amplifier 

6AU8 6£ 90X 6.3 0.6 Pentode Unit as Class A Pentode Amplifier 

6AV5GT Beam Power Tube 130 6CK· 6.3 1.2 Horizontal Deflection Amplifier 

Hi,h-Mu Triode-Sharp-Cutoff 
Triode Unit as Class A Amplifier 

6AW8 Pentade 6£ aox 6.3 0.6 Pentode Unit as Class A 
Amplifier 

6AX4GT Half-Wave Rectifier 130 4CG 6.3 1.2 Television Damper Service 

6AXB Medium-Mu Triode-Semiremote Triode Unit as Class A Amplifier 
Cutoff Pentode 6B aA£ 6,3 0.45 Pentode Unit as Class A 

Amplifier 

6AY11 TWin Oiode-High-Mu Twin Triode 8A 120A 6.3 0.69 Each Triode Unit ·as Class A 
Amplifier 

684G Power-Triode 27B 55 6.3F 1.0 Class A Amplifier 
685 Direct-Coupled Power Triode 26 6AS 6.3 0.8 Class A Amplifier 

686G Twin-Diode-High-Mu Triode 23 7V 6.3 0.3 Triode Unit as Amplifier 

687 TWin-Oiode-Remote-Cutoff 24B 70 6.3 0.3 Pentode Unit as Amplifier 687S Pentode 24B 

6B8 TWia-Oiode-Semifemote-Cutoff 8£ 6.3 0.3 Pentode Unit as Amplifier Pentode 

6B8G Twin Diode-$emiremote-Cutaff 23 8E 6.3 0.3 Pentode Unit as Class A 
Pentode Amplifier 

68D4 Sharp-Cutoff Beam Triode 21C 8FU 6.3 0.6 Voltage-Control 

6BD4A Sharp-Cutoff Beam Triode 21C 8FU 6.3 0.6 Voltage-Control 

&BD6 Remote-Cutoff Pentode 5C 7BK 6.3 0.3 Class A Amplifier 
6BF5 Beam Power Tube 5D 7BZ 6.3 1.2 Class A Amplifier 

&BF6 Twin-Oiode-Medium-Mu Triode 5C 7BT 6.3 0.3 Triode Unit as Class A Amplifier 

&BG6G Beam Power Tube 28B 5BT 6.3 0.9 Horizontal Deflection Amplifier 6BG&GA 21B 5BT 

68K4 Sharp-Cutoff Beam Triode 21B aGC 6.3 0.2 Voltage-Control 

6BK5 Beam Power Tube 6£ 9BG 6.3 1.2 Class A Amplifier 

6BK7A Medium-Mu Twin Triodes &B 9AJ 6.3 0.45 Each Unit as Class A Amplifier 6.3 0.45 

6814 Half-Wave Rectifier 13F 8GB 6.3 3.0 Television Damper Service 

68L7GT Medium-Mu Twin Triode 130 8BO 6.3 1.5 Vertical Deflection Amplifier 

6BN4 Medium-Mu Triode 5C 7EG 6.3 0.2 Class A Amplifier 

6BQ6GT Beam Power Tube 14D lAM 6.3 1.2 Horizontal Deflection Amplifier 

6BQ7 Medium-Mu TWin Triode 6B tAJ .6.3 0.4 Each Unit as Class A Ampljfier 

Medium·Mu Triode-Sharp-Cutaff 6.3 0.45 
Triode Unit as Class A Amplifier 

6BR8 6B 9FA Pentede Unit as Class A PentDde 6.3 0.45 Amplifier 
6BVS Twin Oiode-Medium-Mg Triode &B IF1 6.3 0.6 Triode Unit as Class A Amplifier 
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Grid Bias Screen 
or Grid 

Cathode Screen Cur-
Plate ReSistor Grid rent 
Volts Volts mA 
100 OV 
250 - 8.SV 
150 1500 

200 820 125 3.4 

Plate 
Cur-
rent 
mA 

11.8 
10.5 
9 

15 

AC Plate 
Resist-
Ince 
Ohms 

6250 
7700 
8200 

150000 

Trans-
conduct-

aRce 
Micromhos 

3500 
2200 
4900 

7000 

Amplifi-
catiol 
Factor 

19.5 
17 
40 

Power 

Laad 
Ohms 

459 

RCA 
Out-
,ut Type 

Watts 

6AU7 

6AU8 

Max. DC Plate Volts} 550 
Max. DC Cathode rnA, 110 

Max. Peak Positive-Pulse Plate Volts, 5500 (Abs.) 6AV5GT 
Max. Plate Dissipation, 11 watts 

200 - 2V 4 4000 70 
150 1500 150 3.5 13 200000 9500 6AW8 

6AW8A Features a plate current characteristic with a controlled knee 
Max. Peak Inverse Plate Volts, 4400 Max Peak Heater-Cathode Volts. { -44OQ*' 
Max. Peak Plate rnA 750 • . +300 
Max. DC Plate rnA, i25 '"DC component must not exceed 900 volts 

150 5600 18 5000 8500 40 

250 1200 110 3.5 10 400000 4800 

250 -2V 1.2 52700 1900 100 

250 -45V 60 SOD 5250 4.2 2500 3.5 

For other characteristics, refer to Type 6N6G 

For other characteristics, refer to Type 6SG7 
Input Triode: 
Output Triode: 

Plate Volts, 300 max; Grid Volts, 0; Plate rnA, 8; AF Signal Volts (Peak), 21 
Plate Volts, 300 max.; Plate rnA, 45; Plate Res., 24000 ohms; load Resistance, 
7000 ohms; Power Output, 4 watts 

For other characteristics, refer to Type 12C8 

250 - 3V 125 2.3 600000 1125 

Max. DC Plate Volts 20000 Max. DC Plate rnA, 1.5 
Max. Unregulated DC Supply Volts, 40000 Max. Plate Dissipation, 20.0 watts 
Max. DC Plate Volts 27000 Max. DC Plate rnA, 1.5 
Max. Unregulated DC Supply Volts, 55000 Max~~e Dissipation, 25.0 watts 

250 - 3V 100 3.0 9.0 800000 2000 
110 - 7.SV 110 4.0 36.0 12000 7500 2SOD 1.9 

250 - 9V 9.5 8500 1900 16 Power Output, 
300 milliwatts 

Max. DC Plate Volts, 700 
Max. DC Cathode rnA, 110 

Max. Peak Positive-Pulse Ptate Volts, 6600 (Abs.) 
Max. Plate Dissipation, 20 watts 

Max. DC Plate Volts, 27000 
Max. Unregulated DC Supply Volts, 60000 

250 - 5V 250 3.5 35 

150 560 18 

Max. Peak Inverse Plate Volts, 4500 (Abs.) 
Max. Peak Plate rnA, 1200 
Max. DC Plate rnA, 200 

--Max. DC Plate Volts, 500 
Max. DC Cathode rnA. (Each Unit), 6n 

150 2200 9 
Max. DC Plate Volts, 550 
Max. DC Cathode rnA, 110 

150 2200 9.0 

125 - IV 13.5 

Max. DC Plate rnA, 1.6 
Max. Plate Dissipation, 25 Watts 

100000 8500 6500 3.5 

4600 9300 43 Grid-No. 1 Volts 
for Cutoff, -11 

Max. Peak Heater-Cathode VOlts:f ~O' (Abs.) 
·DC component not to exceed -900 volts 
Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 
Max. Plate Dissipation (Each Unit), 10 watts 
6300 6800 43 
Max. Peak Positive-Pulse Plate Volts, 5500 (Abs.) 
Max. Plate Dissipation, 11 watts 
5800 6000 35 Grid-No.1 Volts 

for Cutoff, '-10 
7500 40 

125 - IV 110 3.5 , 9.5 200000 . SODO 

200 3300 11 5900 5600 33 

6AX4GT 

&AX8 

&AYll 
6B4G 
6B5 

6B6G 
6B7 

6B7S 

&BI 
6B8G 
6B04 

6BD4A 
&BD& 
6BF5 
&BF6 

6BS&S 
&BG&GA 

6BK4 
&BK5 

6BK7A 

6BL4 

6BL7GT 
6BN4 

6BQ6GT 
6BQ7 

6BR8 

6BVI 
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RCA Basing Heater or Use 
'Name Out- Dia- Filament IF) Values to right give operat-

Type line gram in~ conditions and character-
is ics for indicated typical use 

Volts Amperes 

With Capacitive Input Filter 

6BW4 Full-Wave Rectifier BE 901 6.3 0.9 
With Inductive Input Filter 

Vertical Deflection Oscillator 
6BX7GT Medium·Mu Twin Triode 130 aBO 6.3 1.5 

Vertical Deflection Amplifier 

6BV5GA Full·Wave Rectifier 1BB 6CN 6.3 1.6 Television Damper SeTvice 

6BZB Medlum·Mu Twin Triode 6B 9Al 6.3 0.4 Each Unit as Class A Amplifier 

6C5 Medium·Mu Triode 2A 6Q 6.3 0.3 Class A Amplifier 6C5GT 14A 6Q 

6C6 Sharp-Cutoff Pentade 24A 6F 6.3 0.3 Ampl ifier Detector 

6C7 Twin-Diod_Medium-Mu Triode 24B 7S 6.3 0.3 Triode Unit as Class A Amplifier 

6C8G Medium-Mu Twin-Triode 23 8& 6.3 0.3 Each Unit as Class A Amplifier 

6CB5 Beam Power Tube 2SA BGD 6.3 2.5 Horizontal Deflection Amplifier 

6C06G Beam Power Tube 28B 5BT 6.3 2.5 Horizontal Deflection Amplifier 

6eG8 Medium-Mu Triode-Sharp-Cutoff 6.3 0.45 Triode Unit as Class A Amplifier 

Pentode 6B 9GF 6.3 0.45 Pentode Unit as Class A 
Amplifier 

Medium-Mu Triode-Sharp·Cutaff Triode Unitas Class A Amplifier 
6CHB Pentode &B 9FT 6.3 0.45 Pentode Unit as Class A 

Amplifier 

6CK4 Low-Mu Triode 13F alB 6.3 1.25 Vertical Deflection Amplifier 

Medium-Mu Triade-Sharp-Cutoff Triode Unit as Class A Amplifier 
6Cl8 Tetrade 6B 9FX 6.3 0.45 Tetrode Unit as Class A 

Amplifier 

6CMB High-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 

Pentode IB 9FZ 6.3 0.45 Pentode Unit as Class A 
Amplifier 

606 Remote-Cutoff Pentode 24A 6F 6.3 0.3 Amplifier Mixer 

607 Sharp-Cutoff Pentode 24A 7H 6.3 0.3 Amplifier Detector 

608G Pentagrid Converter 23 8A 6.3 0.15 Converter 

GOCB Twin Diad_Remote-Cutoff IE IHE 6.3 0.3 Class A Amplifier Pentode 

&OM4 Half-Wave Rectifier 136 4CS 6.3 1.2 Damper Service 

60N6: Beam Power Tube 218 5BT 6.3 2.5 Horizontal Deflection Amplifier 

60Q4 Half-Wave Rectifier 13F 4CG 6.3 1.2 Damper Service 

60Q6A Beam Plwer Tube 2B lAM 6.3 1.2 Horizontal Deflection Amplifier 

60T6 Sharp-Cutoff Pentode 5C 7EN 6.3 0.3 Class A Amplifier 

60W5 Beam Power Tube IS BCI .6.3 1.2 Vertical Deflection Amplifier 

Class A Amplifier 
60Z7 Twin Power Pentade 19B alP 6.3 1.52 Both Units as Push-Pull 

Class AB, Amp~fier 
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Power 
Grid Bias Screen 

or Grid Plate AC Plate Trans· Amplifi· RCA 
Cathode Screen Cur· Car- Resist· conduct· cation Out· 

Plate Resistor Grid rent rent ance ance Factor Load put Type 
Volts Volts mA mA Ohms Micromhos Ohms Watts 

Max. AC Volts per Plate (RMS), 325 Max. DC Output rnA, 62.5 
Max. Peak Inverse Volts, 1275 Max. Peak Plate rnA, per Plate, 350 

Total Effect. Supply Imped. per Plate, 82 ohms 6BW4 
Max. AC Volts per Plate (RMS), 450 Max. DC Output rnA, 62.5 
Max. Peak Inverse Volts, 1275 Max. Peak Plate rnA per Plate, 350 

Min. Value of Input Choke, 10 henries 
Max. DC Plate Volts, 500 Max. DC Cathode rnA, 180 
Max. Plate Dissipation: 10 watts either plate; 12 watts both plat:::;es:,.,-,,--;:=:,;:-;-;-;-..-_____ 6BX7GT 
Max. DC Plate Volts 500 Max. Peak Posltive-Pulse Plate Volts, 2000 (Abs.) 
Max. DC Cath. rnA, 180 Max. Plate Dissipation: 10 watts either plate; 12 watts both plates 
Max. Peak Inverse Plate Volts, 3000 (Abs.) 
Max. Peak Plate rnA, 525 Max. Peak Heater·Cathode Volts: { +13~ 
Max. DC Plate rnA, 175 

125 lOOn 

250 - 8V 

250 - 9V 
250 - 4.5V 

Max. DC Plate Volts, 700 
Max. DC Cathode rnA, 200 
Max. DC Plate Volts, 700 
Max. DC Cathode rnA, 200 

100 - IV 

250 - IV 125 

200 - 6V 

200 180n 150 

Max. DC Plate Volts, 550 
Max. Peak Cathode rnA, 350 

125 - IV 

125 - IV 125 

250 - 2V 

250 180n 150 

10 5600 8000 45 

8.0 10000 2000 20 

For other characteristics, refer to Type 6J7 

2.2 

2.8 

4 

2.8 

4.5 16000 1250 20 
3.2 

12 

9 

22500 1600 36 
Max. Peak Positive-Pulse Plate Volts, 6800 (Abs.) 
Max. Plate Dissipation, 23 Watts 
Max. Peak Positive-Pulse Plate Volts, 7000 
Max. Plate Dissipation, 20 watts 
6000 6500 40 

300000 5500 

13 5750 3300 19 

9.5 300000 6200 

14 

12 

Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 
Max. Plate Dissipation, 12 watts 
5000 8000 40 

120000 6000 

1.8 50000 2000 100 

9.5 600000 6200 

For other characteristics, refer to Type 6U7G 

For other characteristics, refer to Type 6J7 
Anode-Grid (2): 250 max. volts, 4 rnA 

250 - 3V 100 2.7 3.5 360000 Oscillator-Grid (1) Resistor. Conversion 
Transcond., 550 micromhos. 

250 - 2V 100 2.7 9 1M 3800 

Max. Peak Inverse Plate Volts, 5000 Max. Peak Plate rnA, 1100 Max. DC plate rnA, 175 
Max. Peak Heater-Cathode Volts, -5000 (DC Component Not to Exceed 900 Volts) 
Max. Peak Heater-Cathode Volts, +300 (DC Component Not to Exceed 100 Volts) 
Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 
Max. DC Cathode rnA, 200 Max. Plate Dissipation, 15 watts 
Max. Peak Inverse Volts, 5500 Max. DC Plate rnA, 175 
Max. Peak Plate rnA, 1000 Max. Plate DiSSipation, 6 watts 
Max. DC Plate Volts, 770 Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
Max. DC Cathode rnA, 155 Max. Plate Dissipation, 18 watts 

150 560n 100 2.1 1.1 150000 515 
Max. DC Plate Volts, 330 
Max. DC Cathode rnA, 65 

250 - 7.3V 250 
400 -11V 250 
300 1200 250 

5.5 
13 
15 

48 
100 
80 

38000 

Max. Peak Positive-Pulse Plate Volts, 2200 
Max. Plate Dissipation, 11 watts 
11300 

9000 18 
9000 12 

6BY5GA 

6BlB 
6C5 

6C5GT 
6C6 
6C7 
6C8G 
9CB5 

6C06G 

6eG8 

6CHB 

6CK4 

6Cl8 

6CMB 

606 
607 

608G 

60CB 

60M4 

60N6 

60Q4 

60Q6A 
60T6 
60W5 

60Zl 
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RCA BlSinl Helter ar Use 
Name out- DI ... Filament (F) Values to right give operat-m, line gram ing conditions and character-

istics for indicated typical use 
Volts Amperes 

6E6 Twin Power Amplifier 26 7B 6.3 0.6 Push-Pull Class A Amplifier 

6El Remote-Cutoff Pentode 24A 7H 6.3 0.3 Amplifier 

6EA5 Sharp-Cutoff Tetrode 5C 7EW 6.3 0.2 Class A Amplifier 

Medlum-Mu Triode-Sharp-Cutaff 
Triode Unit as Class A Amplifier 

iEHI &B IJG 6.3 0.45 Pentode Unit as Class A Pentode Amplifier 

6Ell Sharp-Cutoff Pentode &C 9AIl 6.3 0.3 Class A Amplifier 

6EV7 High-Mu Twin Triode 6E 9lP 6.3 0.6 Relay Control 

6EX6 Beam Power Tube 21B 5BT 6.3 2.25 Horizontal Deflection Amplifier 

6EY6 Beam Power Tube 13F 7AC 6.3 0.68 Vertical Deflection Amplifier 

6EZ5 Beam Power Tube 13F 7AC 6.3 0.8 Vertical Deflection Amplifier 

6F5 High-Mu Triode 3 5M 6.3 0.3 Class A Amplifier 6F5GT 14A 5M 

Pentode Class A Amplifier 
6F611 Power Pentode 25 7S 6.3 0.7 Triodeo Class A Amplifier 6F611T 13F 7S 

Pentode Push-Pull Class A 
Amplifier 

low-Mu Triade-Remote-Cutoff Triode Unit as Class A Amplifier 
6F7 Pentode 24B 7E 6.3 0.3 Pentode Unit as Class A 

Amplifier 
6FIII Medium-Mu Twin Triode 23 18 6.3 0.6 Each Unit as Class A Amplifier 

6FE5 Beam Power Tube 13G aKB 6.3 1.2 Class A Amplifier 

6FG6 Refer to type EMI4/&FG6 

6FQl Medium-Mu Twin Triode IE 9lP 6.3 0.6 Each Unit as Class A Amplifier 

6FV8 Medium-Mu Triode-Sharp-Cutaff Triode Unit as Class A Amplifier 

Pentode &8 9FA 6.3 0.45 Pentode Unit as Class A 
Amplifier 

iFWI Medium-Mu Twin Triode &B 9AJ 6.3 0.4 Each Unit as Class A Amplifier 

6G6G Power Pentode 22 7S 6.3 0.15 Pentode Class A Amplifier 
Beam Power Unit as Class A 

61111 Beam Power Tube-Sharp-Cutoff .B 12BU 6.3 1.2 Amplifier 
Pentode Pentode Unit as Class A 

Amplifier 

Medium-Mu Triode-Sharp-Cutolf Triode Unit as Horiz. Defl. Osc. 
6GH8 Pentode IB 9AE 6.3 0.45 Pentode Unit as 

Horiz. Defl. Osc. 
611J5 NOWlr Beam Power Tube llA 9QK 6.3 1.2 Horizontal Deflection Amplifier 

6GJ8 Medium-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 

Peatode 6B 9AE 6.3 0.6 Pentode Unit as Class A 
Amplifier 

6GW6 Beam Power Tube 20 6AM 6.3 1.2 Horizontal Deflection Amplifier 

611YI Triple H igb-Ma Triode 6B 9lY 6.3 0.45 Each Unit as Class A Amplifier 

6H6 29B 7Q 
Voltage Doubler 

6H6GT Twin Diode 6.3 0.3 13D 7Q Half-Wave Rectifier 

6J5 Medium-Mu Triode 2A SQ 6.3 0.3 Class A Amplifier 6J511T 13D SQ 

o For two tubal. 
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Power 
Ilrl. Bils Screen 

or lirid Pllte AC Plate Tr.ls- AII,Iili- RC" eath"e Screen Cur- C.r- Resist- co.duct- catio. Oat-
Plate Resist.r lirid rolt r.1It .Ice •• ce Flctor L •• d put Ty,e' 
Volts Volts IIA .A Ohlls Micr ...... Ohlls W.tts 

250 -27.5V 14000 1.60t 6E6 
For other characteristics, refer to Type 6U7G 6El 

250 - IV 140 0.95 10 150000 8000 6EA5 
125 - IV 13.5 7500 40 

125 - IV 125 4 12 170000 6000 6EH8 

200 - 2.5V 200 4.1 10 350000 15000 6EJ7 
250 OV 18.5 Grid Volts for Plate /jA 100 _ -9 2500-ohm 6EV7 150 OV 10.0 Grid Volts for Plate p,A 100 = -5 relay 
175 -30V 175 3.3 67 8500 7700 6EX6 
250 -17.5V 250 3 44 60000 4400 6EY6 

250 -2OV 250 3.5 43 50000 4100 6EZ5 

100 - IV 0.4 85000 1150 100 6F5 
250 -2V 0.9 66000 1500 100 6F5GT 
250 -16.5V 250 6.5 34.0 SOOOO 2500 7000 3.2 
285 -2OV 285 7.0 3S.0 78000 2550 7000 4.8 BF6C 250 20V 31.0 2600 2600 6.8 4000 0.85 BF6CT 
315 -24V 285 12.00 62.00 10000 11.0t 

100 - 3V 3.5 16000 500 8 

250 - 3V 100 1.5 6.5 850000 1100 6F7 

For other characteristics, refer to Type 6J5 BFBC 
145 -16V 145 18 100 SOOO 9500 1000 5.6 6FE5 

BF86 
250 - 8V 9 7700 2600 20 6FQ7 
125 - IV 14 5000 SOOO 40 

125 - IV 125 4 12 200000 6500 
6FV8 

100 1.2V 15 2500 13000 33 6FWS 
ISO - 9V ISO 2.5 15.0 175000 2300 10000 1.1 6868 
120 - SV 110 4 49 10000 7500 2500 2.3 

6811 
150 150n 150 3.5 15 20000 9500 

Max. DC Plate Volts, 330 Max. Plate DiSSipation, 2.5 watts 
6GH8 Max. DC Plate Volts, 350 Max. Peak Cathode mA, 300 Max. Plate 

Max. Peak Neg.-Pulse Grid Volts, 175 Max. DC Cathode mA, 20 Dissipation, 2.5 watts 
250 -22.5V 150 2.1 70 15000 7100 &8J5 
125 IV 13.5 5000 8500 40 

125 -IV 125 4.5 12 150000 7500 6GJ8 

250 -22.5V 150 2.1 70 15000 7100 6GW6 
125 - IV 4.5 14000 4500 63 68Y8 

Max. AC SUjPIY Volts per Plate (RMS), 117 Max. DC Output rnA, 8. min. 
6Ha Min. Total Ifect. Plate-Supply Imped. per Plate: half-wave, 30 ohms; full wave, 15 ohms 

Max. AC Plate Volts (RMS), 150 Min. Total Effective Plate-Supply Impedance: up 6H6GT 
Max. DC Output rnA, 8 per Plate to 117 volts, 15 ohms; at 150 volts, 40 ohms 

90 OV 10 6700 3000 20 6J5 
250 - 8V 9 7700 2600 20 6J5CT 

t for two tubes' at stated plate-ta-plate load. o For two tubes. 
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" RCA Basing Heater Dr Use 
Name Out· Dia- Filament IF) Values to right give ope rat· 

Type line gram ing conditions and character· 
istics for indicated typical use 

Volts Amperes 

6.3 0.45 
Each Unit as Class A Amplifier 

6J6 Medium-Mu Twin Triode 5C 7BF 6.3 0.45 Push-Pull Class C Amplifier 

6J7 3 7R 
6J76 Sharp-Cutoff Pentode 23 7R 6.3 0.3 Pentode Class A RF Amplifier 

6J7GT 14A 7R 

6J8G Triode-Heptode Converter 23 8H 6.3 0.3 
Triode Unit as Oscillator 

Heptode- Unit as Mixer 

6JE6 Beam Power Tube 18B 9Ql 6.3 2.5 Horizontal Deflection Amplifier 

6JGB Beam Power Tube 17B 9aU 6.3 1.6 Horizontal Deflection Amplifier 

6JS6 Beam Power Tube 16B 12FY 6.3 2.25 Horizontal Deflection Amplifier 

6K5GT High-Mu Triode 14A 5U 6.3 0.3 Class A Amplifier 

6K7 3 7R 
6K7G Remote-Cutoff Pentode 23 7R 6.3 0.3 Class A Amplifier 
6K7GT 14A 7R 

6KB 3 8K Triode Unit as Oscillator 

6K8G Triade-Hexade Converter 23 8K 6.3 0.3 Hexode Unit as Mixer 6K8GT 8K 

6Kll Twin Hlgh-Mu Trlode- 8A 12BY 6.3 0.6 
Twin Unit as Class A Amplifier 

Medium-Mu Triode Class A Amplifier 

6KLB Diode-Sbarp-Cutoff Pentode IE 9lQ 6.3 0.3 Pentode Unit as Class A 
Amplifier 

6l5G Medium-Mu Triode 22 6Q 6.3 0.15 Class A Amplifier 

Single-Tube Class A Amplifier 

6l6G Beam Power Tube 27B 7AC 6.3 0.9 Push-Pull Class A Amplifier 6l6GB 190 7AC 

Push-Pull Class ABl Amplifier 

6U Pentagrid Mixer 0 3 7T 6.3 0.3 Mixer Service 6l7G 23 7T 

6N6G Direct-Coupled Power Triode 25 7AU 6.3 0.8 Class A Amplifier 

6N7 Medium-Mu Twin Power Triode 2B 8B 6.3 0.8 Class A Amplier (as Driver) 
6N7GT 130 8B Class B Amplifier 
6P5GT Medium-Mu Triode 130 &a 6.3 0.3 Amplifier Detector 

6P7G low-Mu Trlode-Remote-Cutoff 23 7U 6.3 0.3 Amplifier and Converter Pentode 
607 3 7V 

607G Twin Diode High-Ma Triod. 23 7V 6.3 0.3 Triode Unit as Class A Amplifier 
607GT 14A 7V 

6011 Twin Hig .... Mu Triode- 8A 12BY 6.3 0.6 
Twin Unit as Class A Amplifier 

Medlum-Mu Triode Class A Amplifier 
6R7 3 7V 
6R7G Twin Diode-Medlum-Mu Triode 23 7V 6.3 0.3 Triode Unit as Class A Amplifier 

6R7GT 14A 7V 

6S4 Medium-Mu Triode IE 9AC 6.3 0.6 Vertical Deflection Amplifier 6.3 0.6 
6S7 Remote-Cutoff Pentade 3 7R 6.3 0.15 Class A Amplifier 6S7G 23 7R 

o For two tubes. 
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Plate 
Yalts 

100 

150 

100 
2SO 

100 
250 
250 

175 

250 

250 

100 
100 
250 
250 
250 

100 

250 

Grid Bias Screen 
or Grid Plate 

Cathode Screen Cur- Cur-
Resistor Grid rent rent 

Yolts mA mA 

500 (For both units) 8.5 

-10V 30 

- 3V 100 0.5 2.0 
- 3V 100 0.5 2.0 

Triode-Grid Resistor, 4 
50000 ohms 5 

AC Plate Trans- Amplifi-
Resist- conduct- catioa 
ance ance Factor 
Ohms Micromhas 

7100 5300 38 
Grid Current, 16 mA 
Driving Power, 0.35 watt 

1M 
1M 

1185 
1225 

Power 

Out-
Load put 
Ohms watts 

3.5 

- 3V 100 2.8 1.4 1.5 M Conversion Transcond., 290 micromhos 
For other characteristics, refer to Type 6JE6A 
For other characteristics, refer to Type 6JG6A 

-25V 125 4.5 125 5600 11300 Amp!. Factor 
(Grid No.2 to Plate 3) 

- 3V 1.1 50000 1400 70 

- 3V 125 2.6 10.5 600000 16SO 

Grid Res., SOOOO ohms 3.8 Triode-Grid & Hexode-Grid Current, 0.15 mA 

- 3V 100 6.2 2.3 400000 Conversion Transcond., 325 micromhos 
- 3V 100 6.0 2.5 600000 Conversion Transcond., 350 micromhos 

- 2V 1.2 62500 1600 100 
- 8.5V 10.5 7700 2200 17 

100 2.2 5.5 555000 4300 Grid-No.1 Volts for plate cur-
rent of 10 /lA, 4.2 

- 9V 8.0 9000 1900 17 
250 -14V 250 5.0 72.0 2500 6.5 
250 1680 250 5.4 75.0 2500 6.5 
270 -17.5V 270 11.00 134.00 5000 17.5t 
270 12400 270 11.00 134.00 5000 18.St 

~3~OO~----~2~2~.5~V~--~27~0~~5~.0=0~~88~.0~0~--------------------~6~60~0--~~~ 
360 24800 270 5.00 88.00 9000 24.5t 

465 

RCA 

Type 

6J6 

&J7 
617G 

617GT 

618G 

&JEB 
6JG& 

61S6 

6K5GT 
&K7 

6K7G 
6K7GT 

6KB 
6K8G 

6K8GT 

6KU 

6Kl8 
6l5G 

6l6G 
6l6GB 

250 - 6V 150 9.2 2.3 
Oscillator-Grid (No.3) Bias, -15 volts 617 
Grid-No.3 Peak Swing, 16 volts minimum 6l7G 
Conversion Transcond., 350 micromhos 

Output Triode: Plate Volts, 300; Plate mA, 45; Load, 7000 ohms 6N6G 
Triode: Plate Volts, 300; Grid Volts, 0; Input Plate mA, 8 4.0 

250 - 5V 6.0 11300 3100 35 20000 exceeds 6N7 
300 - 6V 7.0 11000 3200 35 or more 0.4 

~3~OO~--~-0~V~----'P~ow~e-r~o~u~tP~u~t7fo~r~1~t~ub~e~a7t~s~ta~te-'d-p7Ia~te~-t~0~-p7Ia~te~lo~ad~--~~~0~0~~1~0.~0---&N7GT 
250 -13.5 5.0 9500 13.8 6P5GT 

For other characteristics, refer to Type 6F7 6P7G 

100 -lV 0.8 
250 - 3V 1.1 

5~00 1200 
58000 1200 

70 
70 

6D7 
6Q7G 

6Q7GT 
250 -2V 1.2 62500 1600 100 
150 OV 22 7000 2500 18 

--:;:;:.;c_----;:-c-:------~=------=~-~.;c_---",;:__------ 6Qll 

250 - 9V 9.5 

Max. DC Plate Volts, 550 
Max. DC Cathode mA, 30 

250 - 3V 100 2.0 8.5 

t For two tubes at stated plate-ta-plate load. 

8500 1900 16 
6R7 

6R7G 
6R7GT 

Max. Peak Positive-Pulse Plate Volts, 2200 6S4 Max. Plate Dissipation, 8.5 watts 

1M 1750 6S7 
6S7G 

o For two tubes. 



466 RCA RECEIVING TUBE MANUAL 

RC~ Blsinl Heater or Usa 
Naill. Oat- Dla- Filament (F) Values to right give operat-

Type line gram ing conditions and charactar-
istics for indicated typical use 

Valts Allllleres 

6S80Y Trl,le Dlode-H igh-Ma Triode 14C Bel 6.3 0.3 Triode Unit as Class A Amplifier 
6SA7 

Peatogrld Connrter 2A 8R SSA10Y 13D lAD 6.3 B.3 Converter 

6SB7Y Pentlgrld· Converter 2A 8R 6.3 0.3 Mixer 

6Se7 Hllh-Mu Twin Triode 2A 8S 6.3 0,3. Each Unit as Amplifier 
6SF5 

High-Ma Triode 2A lAB 
6SF5GY 13D lAB 6.3 0.3 Class A Amplifier 

6SF7 Diode-Remote-Catoff Pentode 2A 7AZ 6.3 0.3 Pentode Unit as Class A 
Amplifier 

6SG7 Semiremoie-Cutoff Peatade 2A 81K 6.3 0.3 Class A Amplifier 

6SH7 Sharp-Cutoff Pentad. 2A 8BK 6.3 0.3 Class A Amplifier 

6SJ7 
Sharp-Cutoff Pentod. 2A 8N 6SJ70Y 13D 8N 6.3 0.3 Class A Amplifier 

6SK7 Remote-Cutoff Pentode 2A 8N 6.3 0.3 Class A Amplifier 6SK7GY 130 aN 

6SN7GT 
130 6.3 0.6 Each Unit as Class A Amplifier 

6SN7 Medium-Ma Twin Triode 130 aBO 6.3 0.6 
GYA 6.3 0.6 Each Unit as Vertical Amplifier 

6SQ7 Twin-Diode-Hlgb-Mu Triode 2A 8a 6.3 0.3 Triode Unit as Class A Amplifier 6SQ70Y 130 aa 

6SR7 Twin Diode-Medium-Mu Triode 2A 8Q 6.3 0.3 Triode Unit as Class A Amplifier 

6SS7 Remote-Cutoff Pentode 2A 8N 6.3 0.15 Class A Amplifier 

6ST? Twin Diode-Medium-Ma Triode 2A 8a 6.3 0.15 Triode Unit as Amplifier 

6SZ7 Twin Diode-Hlgb-Mu Triode 2A aQ 6.3 0.15 Triode Unit as Class A Amplifier 

6T4 Medium-Mu Triode 5D 7DK 6.3 0.225 
Oscillator in UHF TV Receivers 

Class A Amplifier 

6T7G Twin Diode-High-Mu Triode 22 7V 6.3 0.15 Triode Unit as Class A Amplifier 

6T8 Triple Diode-Higb-Mu Triode 6B 9E 6.3 0.45 Triode Unit as Class A Amplifier 6.3 0.45 

6U5 Electron-Ray Tuba 13H IR 6.3 0.3 Visual Indicator 

6U7G Remote-Cutoff Pentoda 281 1R 6.3 0.3 Class A Amplifier 

Medluill-Mu Triode-Sharp-Cutoff 
Triode Unit as Class A Amplifier 

6U8 Pentode 6B 9AE 6.3 0.45 Pentode Unit as Class A 
Amplifier 

6V6GT 
Single-Tube Class A Amplifier 

Belm Power Twe 130 7AC 6.3 0.45 .- Push-Pull Class AB1 Amplifier 

6V7G Twin Diode-low-Mu Triode 23 7V 6.3 0.3 Triode Unit as Amplifier 

6W7G Sharp-Cutoff Pentode 23 7R 6.3 0.15 Class A Amplifier 

With Capacitive-Input Filter 
6X5 Full-Wave Rlctlfier 2B 6S 6.3 0.6 

With Inductive-Input Filter 
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Power 
Grid Bias Screen 

or Grid Plate AC Plate Trans· Amplifi· RCA 
Cathode Screen Cur· Cur· Resist· conduct· cati8n Out· 

Plate Resistor Grid rent rent ance ance Factor Load put Type 
Volts Volts mA mA Ohms Micromhos Ohms Watts 

2S0 - 2V 0.9 91000 lIOO 100 6Sm 
2S0 Self· 100 8.S 3.5 1.0 Grld·No. 1 Resistor, 20000 ohms. &SA7 

Excited Conversion Transcond., 4S0 micromhos 6SA7GT 
100 - IV 100 10.2 3.6 SOOOOO Grid-No.1 Resistor, 20000 ohms. 

Conversion Transcond., 950 micromhos 6SB7Y 
2S0 - 2V 2.0 53000 1325 70 6SC7 
2SO - 2V 0.9 66000 1500 100 6SF5 

6SF5GT 
100 - IV 100 3.4 12.0 200000 1975 6SF7 250 - IV 100 3.3 12.4 700000 20S0 

100 IV 100 3.2 8.2 250000 4100 6SG7 2SO - 2.5V 150 3.4 9.2 1M 4000 
100 IV 100 2.1 5.3 350000 4000 - 6SH7 250 - IV 150 4.1 10.8 900000 4900 
100 - 3V 100 0.9 2.9 700000 1575 6SJ7 
250 - 3V 100 0.8 3.0 1M 16S0 6SJ7GT 
100 - IV 100 4.0 13.0 120000 2350 6SK7 
250 - 3V 100 2.6 9.2 800000 2000 6SK7GT 
100 OV 10.0 6700 3000 20 6SN7GT 2S0 - 8V 9.0 7700 2600 20 

Max. DC Plate Volts, 4SO Max. Plate Dissipation: 5 watts either plate; 7.S watts both plates 6SN7 
Max. Peak Cathode rnA, 70 Max. Peak Positive Pulse Plate Volts, lS00 GTA 

100 - IV 0.5 lIOOOO 925 100 6SQ7 
2S0 - 2V 1.1 8S000 1175 100 6SQ7GT 
2S0 - 9V 9.5 8S00 1900 16 6SH7 
2S0 - 3V 100 2.0 9.0 1M 18SO 6SS7 

For other characteristics, refer to Type 6SR7 6ST7 
100 - IV 0.8 54000 1300 70 6SZ7 2SO - 3V 1.0 S3000 1200 70 

Max. DC Plate Volts, 200 
Max. DC Cathode mA, 30 

Max. Grid mA, 8 
Max. Plate Dissipation, 3.S watts 614 

80 lS00 18 7000 13 
250 - 3V 1.2 62000 10S0 65 6T7G 300 45800 Grid Resistor,.' 0.5 MO Gain per stage, 40 
100 - IV 0.8 54000 1300 70 6T8 2S0 - 3V 1.0 58000 1200 70 

Plate & Target Supply, 2SO volts. Triode Plate Resistor, 1.0 MO Target Current, 4.0 mA 
Grid Bias, -22 volts; Shadow Angle, 0'. Bias, 0 volts; Angle, 90'; Plate Current, 0.24 mA 6U5 

250 - 3V 100 2.0 8.2 800000 1600 6U7G 
125 - IV 13.5 7S00 40 

125 -IV 110 3.5 9.5 200000 5000 6U8 

2S0 -12.SV 2S0 4.5 45.0 50000 4100 5000 4.5 
315 -13V 225 2.2 34.0 80000 37SO 8S00 5.5 6V6GT 250 -ISV 250 5.00 70.00 10000 10.0t 
285 -19V 285 4.00 70.00 8000 14.0t 

For other characteristics, refer to Type 85 6V7G 
250 - 3V 100 0.5 2.0 1.5 M 1225 6W7G 

Max. AC Volts per Plate (RMS), 325 Max. DC Output rnA, 70 Min. Total Effect. SUPPlfi 
Max. Peak I nverse Volts, 1250 Max. Peak Plate mA, 245 Imped. per Plate, 525 0 ms 6X5 
Max. AC Volts per Plate (RMS), 400 
Max. Peak Inverse Volts, 1250 

Max. DC Output rnA, 70 
Max. Peak Plate mA, 245 

Min. Value of Input Choke, 
10 henries 

t For two tubes at stated plate-te-plate toad. Cl For two tubes. 



468 RCA RECEIVING TUBE MANUAL 

RCA Basing Heater or Use 
Name Out- Dia- Filament If) Values to right give operat-

Type liile gram ing conditions and character-
istics for Indicated typical use 

Volts Amperes 

6Y5 FUll-Wave Rectifier 22 or 6J 6.3 0.8 With Capacitive-Input Filter 13H 
6Y7G H igb-Mu Twin Power Triode 22 88 6.3 0.6 Class B Amplifier 

614 Refer to type 84/6Z4 

6Z5 FUll-Wave Rectifier 22 6K 6.3 0.8 With Capacitive-Input Filter 12.6 0.4 
6Z7G Higli-Mu Twin Power Triode 22 8B 6.3 0.3 Class B Amplifier 

6ZY5G Full-Waye Rectifier 22 6S 6.3 0.3 With Capacitive-Input Filter 

7A4 Medium-Mu Triode 12B 5AC 6.3 0.3 Amplifier 

7A5 Beam Power Tube 12C 6AA 6.3 0.75 Class A Amplifier 

7A6 Twin Diode 12B TAJ 6.3 0.15 Detector Rectifier 

7A7 Remote-Cutoff Pentode 12B 8V 6.3 0.3 Class A Amplifier 

7AS Octode Converter 12B BU 6.3 0.15 Converter 

7ADl Power Pentode 12C BV 6.3 0.6 Class A Amplifier 

7AF7 Medium-Mu Twhi Triode 128 BAC 6.3 0.3 Each Unit as Class A Amplifier 

lAGl Sharp-Cutoff Pentode 12B BV 6.3 0.15 Class A Amplifier 

7AH7 Sharp-Cutoff Pentode 128 BV 6.3 0.15 Class A Amplifier 

784 H igh-Mu triode 12B 5AC 6.3 0.3 Amplifier 

785 Power Pentode 12C 6AE 6.3 0.4 Class A Amplifier 

786 Twin Diode-High-Mu Triode 12B 8W 6.3 0.3 Triode Unit as Amplifier 

787 Remote-Cutoff Pentode 128 BV 6.3 0.15 Class A Amplifier 

, 7B8 Pentagrid ConYerter 12B BX 6.3 0.3 Converter 

7C5 Beam Power Tube 12C 6AA 6.3 0.45 Class A Amplifier 

7C6 Twin Diode-High-Mu Triode 12B BW 6.3 0.15 Triode Unit as Class A Amplifier 

7C7 Sharp-Cutoff Pentode 12B 8V 6.3 0.15 Class A Amplifier 

7E6 Twin Diode-Medium-Mu Triode 12B 8W 6.3 0.3 Triode Unit as Amplifier 

7E7 Twin Diode-Remote-Cutoff 12B BAE 6.3 0.3 Pentode Unit as Class A 
Pentode Amplifier 

7EY6 Beam Power Tube 13F TAC 7.2 0.6 Vertical Deflection Amplifier 

7F7 High-Mu Twin Triode 128 BAC 6.3 0.3 Each Unit as Amplifier 

7F8 Medium-Mu Twin Triode 12A BBW 6.3 0.3 Each Unit as Class A Amplifier 

7G7 Sharp-Cutoff Pentode 12B 8Y 6.3 0.45 Class A Amplifier 

7H7 Semiremote-Cutoff Pentode 128 8V 6.3 0.3 Class A Amplifier 

7J7 Triode-Heptode ConYerter 128 OBL 6.3 0.3 
Triode Unit as Oscillator 

Heptode Unit as Mixer 
7K7 Twin Diode-High-Mu Triode 12B 8BF 6.3 0.3 Triode Unit as Class A Amplifier 

717 Sharp-Cutoff Pentode 12B BV 6.3 0.3 Class A Amplifier 

7N7 Medium-Mu Twin-Triode 12C BAC 6.3 0.6 Each Unit as Class A Amplifier 

707 Pentagrid ConYerter 12B 8AL 6.3 0.3 Converter 

7R7 Twin Diode-Remote-Cutoff 128 8AE 6,3 0.3 Pentode Unit as Class A 
Pentode Amplifier 

7S7 Triode-Heptode CORverter 128 BBL 6.3 0.3 
Triode Unit as Oscillator 

He~tode Unit as Mixer 



RCA TYPES FOR REPLACEMENT USE 

Plate 

Volts 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 
Volts 

Screen 
Grid 
Cur­
rent 
mA 

Plate 
Cur­
rent 
mA 

AC Plate Trans-
Resist- conduct-
ance ance 
Ohms Micromhos 

Max. AC Volts per PI;;te (RMS), 350 
Max. DC Output rnA, 50 

Amplifi­
cation 
Factor 

For other characteristics, refer to Type 79 

Max. AC Volts per Plate (RMS), 230 
Max. DC Output rnA, 60 

load 
Ohms 

Power 

Out­
put 

Watts 

469 

RCA 

Type 

6Y5 
6Y7G 
6Z4 
6Z5 

ISO OV Power Output is for one tube at stated plate-to-plate load 12000 4.2 6Z7G 
Max. Peak Inverse Volts, 1250 Max. DC Output rnA, 40 Min. Total Effect. Supply 6ZY5G 

Max. Peak Plate rnA, 120 Imped. per Plate, 225 ohms 

110 
125 

- 7.5V 
- 9V 

For other characteristics, refer to Type 6J5 7A4 

m ~:~ :~:~ m~~ ~~~~ ~~~ B . 7A5 
Max. AC Volta~e per Plate, 150 Volts, RMS Max. DC Outeut Current eer ~Iate, 8 mA 7A6 

For other characteristics, refer to Type 6SK7 7A7 

250 - 3V 100 3.2 3.0 700000 
Anode-Grid (2): 250 max. volts, 4.2 mA 
Oscillator-Grid No. 1 Resistor. Conver- 7A8 
sion Transcond., 550 micromhos 

300 680 150 7.0 28.0 300000 9500 7AD7 
250 -lOV 9.0 7600 2100 16 7AF7 
250 2500 250 2.0 6.0 1M 4200 7AG7 
250 2500 250 1.9 6.S 1 M 3300 7AHT 

For other characteristics, refer to Type 6SF5 784-
For other characteristics, refer to Type 6K6GT 785 
For other characteristics, refer to Type 6SQ7 786 

250 - 3V 100 1.7 8.5 750000 1750 787. 
For other characteristics, refer to Type GAS 788 
For other characteristics, refer to Type GV6 7C5 

250 - IV 1.3 100000 1000 100 7C6 
250 - 3V 100 0.5 2.0 2M 1300 7C7 

For other characteristics, refer to Type 6BF6 7E6 
250 3300 100 1.6 7.5 700000 1300 7E7 

For other characteristics, refer to Type 6EY6 7EY& 
For other characteristics, refer to Type 6SL7GT 7F7 

250 5000 6.0 3300 48 7f8 
250 - 2V 100 2.0 6.0 800000 4500 7G7 
100 - 1.5V 100 2.6 7.5 350000 4000 7H7 250 1800 150 3.2 10.0 SOOOOO 4000 

250 Triode-Grid Resistor, 
50000 ohms 5.0 Triode-Grid & Heptode-Grid Current, 0.4 rnA 7J7 

250 3V 100 2.S 1.4 1.5 M Conversion Transcend., 290 I'mhos 
250 - 2V 2.3 44000 1600 70 7K7 
100 - IV 100 2.4 5.5 100000 3000 717 250 - 1.5V 100 1.5 4.5 1M 3100 

For other characteristics, refer to Type 6SN7GT 7N7 
250 -2V 100 S.S 3.5 1M Grid No.1 Resistor, 20000 ohms 

Conversion Transcond., 450 I'mhos 7Q7 

250 - IV 100 2.1 5.7 1M 3200 7R7 
100 Triode-Grid Resistor, 3.0 
250 50000 ohms 5.0 7S7 
250 - 2V 100 3.0 1.8 1.25 M Conversion Transcond., 525 £!mhe~ 
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out-
Blsine Use RCA Oil- Heater or 

Naml lin. grlnt· Filllllent (F) Values to right 5ive operat-
Typ. ing conditions an character-

istics for indicated typical u·se 
V.lts Amperes 

7V1 Sharp-Cutoff Pentode 12B 8V &.3 0.45 Class A Amplifier 

1W7 Sharp-Cutoff Pentode 12B 88J 6.3 0.45 Class A Amplifier 

7X1 Twin Diode-High-Mu Triode 12C lIZ &.3 0.3 Triode Unit as Class A Amplifier 

7Y4 Full-Wawe Rectifier 12B 5AI 6.3 0.5 With Capacitive-Input Filter 

7Z4 . FulL-Wave Rectifier 12C 5A8 6.3 0.9 With CapaciUve-lnput Filter 

BFQ? Medium-Mu Twin Trio'e IE 9LP U 0.45 Vertical and Horizontal 
Deflection Oscillators 

9BR7 Twin Diode-High-Mu Triode a8 9Cf 4.7 0.6 Triode Unit as Class A Amplifier 9.4 0.3 

gCla Medium-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 

Tetrode 68 IFX 9.5 0.3 Tetrode Unit as Class A 
Amplifier 

10 Power Triode 278 40 7.5F 1.25 Class A Amplifier 

High-Mu Triode-Sbarp-Cutoff 
Triode Unit as Class A Amplifier 

lOCB 8B 9DA 10.5 0.3 Pentode Unit as Class A Pentode Amplifier 

11 Detector Amplifier 4F 4F 1.IF 0.25 Class A Amplifier 12 40 40 

12A5 Power Pentode 22 Dr 1F 6.3 0.6 Class A Amplifier 13H 12.6 0.3 
Pentode Unit as Class A 

12M Rectifier-Plwer Pentede 24B 7K 12.6 0.3 Amplifier 

Half-Wave Rectifier 

12A8GT Pentagrid Conwerter 14A 8A 12.6 0.15 Converter 
10.0 0.15 

12AC& Remote-Cutoff. Pentede 5C 18K to approx. Class A Amplifier 
15.!! at 12.6 V 
10.0 0.15 

12AD& Pentallid Converter 5C lCH to approx. Converter 
15.9 at 12.6 V 
10.0 0.15 

12AE6 Twin Di,de-Medium-Mu Triode 5C laT to approx. Triode Unit as Class A Amplifier 
15.9 at 12.6 V 

12AE6A 
10.0 0.15 

Twin Diode-Medium-Mu Triode 5C 7BT to approx. Triode Unit as Class A Amplifier 
15.9 at 12.6 V 

12AE7 liB 
10.0 0.45 Unit No.1 as Class A Amplifier 

Dual Triade 9A to approx. 
15.9 at 12.6 V Unit No.2 as Class A Amplifier 

l2AF& 
10.0 0.15 

Remote-Cutaff Pentad, 5C 7BK to approx. Class A Amplifier 
15.9 at 12.6 V 

12AH7 Medium-My Twin Triode 13C aBE 12.6 0.15 Each Unit as Class A Amplifier GT 

12AJ6 10.0 0.15 
Twin Diode-MediuAl-Mu Triade 5C lBT to approx. Triode Unit as Class A Amplifier 

15.9 at 12.6 V 

Triode Unit as Class A Amplifier 

l2All MedluIII-Mu Trlade-Plwer 10.0 0.55 
Tetrode SE 9SS to approx. Tetrode Unit as Class A 15.9 at 12.l;V Amplifier 

12AU7 Medium-Mu Twin Triode 8B 9A 6.3 0.3 Each Unit as Class A Amplifier 12.6 0.15 

12AV7 Medium-Mu·Twln Tril_ &B 9l 6.3 0.45 Each Unit as C lass A Amplifier 12.6· 0.225 



RCA TYPES FOR REPLACEMENT USE 

Plate 
¥olts 

300 

Grid Bias 
or 

Cathode 
Resistor 

1600 

Screen 
Grid 
Yalts 

150 

Screen 
Grid 
Cur­
rent 
mA 

3.9 

Plate AC Plate Trans-
Cur- Resist- conduct-
:1Int ance Ince 
mA Ohms Micrombos 

10.0 300000 5800 

Amplifi­
cation 
Factar 

Pawer 

Load 
Ohms 

Out­
put 

Watts 

For other characteristics, refer to Type 7V7 

250 - IV 
Max. Peak Inverse Volts, 1?.50 

Max. Peak Inverse Volts, 1250 

1.9 67000 1500 100 
Max. DC Output mA,70 
Max. DC Output mA, 100 
Max. Peak Plate mA, 300 

For other characteristics, refer to Type 6FQ7 

Max. Peak Plate mA, 1BO 
Min. Total Effec. Supply 
Imped. per Plate, 75 ohms 

471 

RCA 

Type 

7V7 
7W7 
7X7 
7Y4 
7Z4 

BFQ7 

250 2000 10 10900 4000 60 9BR7 
125 560 15 5000 BOOO 40 

125 - IV 125 4 12 100000 5800 gCla 
425 -40V 1B.0 5000 1600 8.0 10200 1.6 10 

~25~0~ __ -=39~0=0~ ____________ ~7~.3~~1=~~0~0 __ ~440~0~ __ -=53~ ____________ __ 
135 1000 135 3.2 11.5 190000 8000 1 DCa 

135 -10.5V 3 15500 440 

180 -25V 180 8.0 45.0 35000 2400 3300 

135 -13.5V 135 2.5 9.0 100000 975 13500 

Maximum AC Plate Voltage .................................................................... 125 Volts, RMS 
Maximum DC Output Current. ............................................................... 30 Milliamperes 

For other characteristics, refer to Type 6A8GT 

3.4 

0.55 

11 
12 

12A5 

12A7 

12A8GT 

12.6 12.6 .2 .55 500000 730 {Grid-No. 1 Supply Volts, 0 } 12Aea 
Grid-No. 1 Res., 2.2 megohms 

12.6 

12.6 

12.6 

Self­
excited 

OV 

OV 

12.6 1.5 0.45 1 M' 

0.75 15000 

13000 

Grid-No.1 Resistor, 33000 ohms 
Conversion Transcond., 260 micromhos 

1000 15 

1300 16.7 

12AD& 

12AE6 

12AE&A 
12.6 Grid Res. 1.5 .megohms 1.9 3150 4000 13.0 

--1~2~.6~----G~r~id~R~e-s.-l~m-eg~0~hm------~7.~5----~9~~~--6~5~00------6~.4~-------------- 12AE7 

12.6 12.6 0.45 1.1 

180 - 6.5V 7.6 

12 6 {Grid-NO. 1 Supply Volts, 0 } 
. Grid-No. 1 Res., 2.2 megohms 0.75 

12.6 - 0.9V 
(across 2.2 megohm res.) .5 

Grid-No.2 (Control Grid) Volts, -.5 
(across 2.2 megohm res.) . 

Grid-No.1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No.2 to Plate), 15000 IImhos 

100 OV 11.8 
250 - B.5V 10.5 

150 560 18 

350000 1500 {Grid-No.1 Supply Volts, 0 } 12AF& 
Grid-No. 1 Res., 2.2 megohms 

8400 1900 16 

45000 1~0 55 

13000 1000 13 

Amp!. Factor (Grid-No.2 to Plate) 7.2 
.Grid-No. 1 mA, 75 Plate mA, 40 
Plate Resistance, 480 ohms 

6250 3100 19.5 
7700 2200 17 

.48000 8500 41 Cutoff Volts, :""12 

12AH7 
GT 

12AJ& 

12ALB 

12AU7 

12AV7 
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RCA 8asing Heater or Use 
Name Out- Dia- Filament (F) Values to right give operat-

Type line gram ing conditions and character-
istics for indicated typical use 

Volts Amperes 

12AX4-
GT Half-Wave Rectifier 13D 4CG 12.6 0.6 Television Damper Service 12AX4- 13D 12.6 0.6 

GTA 
12AX7 High-Mu Twin-Triode 68 9A 6.3 0.3 Each Unit as Class A Amplifier 12.6 0.15 

12AZ7 High-Mu Twin-Triode 68 9A 6.3 0.45 Each Unit as Class A Amplifier 12.6 0.225 

12B8GT High-Mu Triode-Remote-Cutoff Triode Unit as Class A Amplifier 

Pentode aT 12.6 0.3 Pentode Unit as Class A 
Amplifier 

12BA7 Pentagrid Converter 6E BCT 12.6 0.15 Converter 

12B06 Remote-Cutoff Pentode 5C 7BK 12.6 0.15 Class A Amplifier 

12BF6 Twin Diode-Medium-Mu Triode 5C 7BT 12.6 0.15 Triode Unit as Class A Amplifier 

12BH7 Medium-Mu Twin Triode 6E 9A 6.3 0.6 Vertical Deflection Amplifier 12.6 0.3 
12BK5 Beam Power Tube 6E 9SQ 12.6 0.6 Class A Amplifier 

12Bl6 
10.0 0.15 

Remote-Cutoff Pentode 5C 7BK to approx. Class A Amplifier 
15.9 at 12.6V 

12BR7 Twin Diode-High-Mu Triode 6B 9CF 6.3 0.45 Triode Unit as Class A Amplifier 12.6 0.225 

12BV7 Sharp-Cutoff Pentode BE 9BF 6.3 0.6 Class A Amplifier 12.6 0.3 

12BW4 Full-Wave Rectifier 6E 9Dl 6.3 0.9 
With Capactive Input Filter 
With Inductive Input Filter 

12BY7 Sharp-Cutoff Pentode 6E 9BF 6.3 0.6 Class A Amplifier 12.6 0.3 

12e8 Twin Diode-5emiremute-Cutoff 3 BE 12.6 0.15 Pentode Unit as RF Amplifier Pentode 

12CN5 
10.0 0.45 

Remote-Cutoff Pentode 5D 7CV to approx. Class A Amplifier 
15.9 at 12.6V 

12eT8 Medium-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 

Pentode 6E 9DA 12.6 0.3 Pentode Unit as Class A 
Amplifier 

12CX6 
10.0 0.15 

Remote-Cutoff Pentode 5C 7BK to approx. Class A Amplifier 
15.9 at 12.6V 

120E8 
10.0 0.2 Pentode Unit as Class A Diode-Remote-Cutoff Pentode 69 9HG to approx. Amplifier 15.9 at 12.6V 

120K7 
10.0 0.5 Tetrode Unit as Class A Twin Diode-Power Tetrode 6E 9HZ to approx. Amplifier 15.9 at 12.6V 

120lB 
10.0 0.55 Tetrode Unit as Class A Twin Diode-Power Tetrode 6E 9HR to approx. Amplifier 15.9 at 12.6V 

12DM4 
Half-Wave Rectifier 13F 4CIl 12.6 0.6 Television Damper Service 12DM4A 13G 

12DQ6A Beam Power Tube 20 6AM 12.6 0.6 Horizontal Deflection Amplifier 

120Q7 Power Pentode 6E 9BF 6.3 0.6 Class A Ampiifler 12.5 0.3 

120S7 6E 10.0 0.4 Tetrode Unit as Class A 
12DS7A Twin DiDde-Power. Tetrede &E 9lU to approx. Amplifier 

15.9 at 12.6V 

Didoe Units 



RCA TYPES FOR REPLACEMENT USE 

Power 
Grid Bias Screen 

or Grid Plate AC Plate Trans- Amplifi-
CathDde Screen Cur- Cur- Resist- cDnduct- cation Out-

Plate Resistor Grid rent rent ance ance Factor Load put 

Volts Volts mA mA Ohms Micromhos Ohms watts 

Max. Peak Inverse Plate Volts, 4400 Max. Peak Heater-Cathode VOlts:{ +~d8° Max. Peak Plate rnA, 750 
DC component must not exceed 900 volts Max. DC Plate rnA, 125 

100 - IV 0.5 SOOOO 1250 100 
250 - 2V 1.2 62500 1600 100 
100 2700 3.7 15000 4000 60 
250 2000 10.0 10900 5500 60 

90 OV 2.8 37000 2400 90 

90 - 3V 90 2 200000 1800 

For other characteristics, refer to Type 6BA7 
For other characteristics, refer to Type 6BD6 

250 - 9V 9.5 8500 1900 16 Power Output, 
300 milliwatts 

Max. DC Plate Volts, 450 Absolute Max. Peak Positive-Pulse Plate Volts, 1500 
Max. DC Plate rnA, 20 Max. Plate Dissipation (Each Unit), 3.5 watts 

250 

12.6 

100 
250 
250 
250 

250 

250 

12.6 

150 

200 

12.6 

12.6 

12.6 

12.6 

- 5V 250 3.5 35 100000 8500 6500 3.5 
Grid-No.1 Grid-No.1 and Grid-No.3 Volts 

Supply 12.6 0.5 1.35 500000 1350 for transcond. of 10 
Volts, 0 micromhos, -5 
2700 3.7 15000 4000 60 
2000 10 10900 5500 60 
680 150 6 27 85000 13000 

~8V ISO 0.5 

For other characteristics, refer to 6BW4 

1000 180 5.75 26 93000 

- 3V 125 2.3 10 600000 

12.6 3.5 4.5 40000 

1500 8200 

820 125 3.4 15 150000 

Grid-No.1 
Supply 

Volts, 0 
12.6 1.4 3 40000 

12.6 0.5 1.3 300000 

12.6 6 4000 

Grid-No.2 (Control Grid) Volts, -0.5 
(across 2.2 megohm resistor) 

Grid-No.1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No.2 to Plate), 15000 /Lmhos 

11000 

1325 

3S00 {Grid-No. 1 Supply Volts, 0 } 
Grid-No. 1 Res., 2.2 megohms 

4900 40 

7000 

Grid-No. 1 Volts for Plate 3100 Current of 10 /LA, -4.5 

1500 Grid No. 1 Supply Volts, a 
Grid-No. 1 Res., 2.2 megohms 

5000 3500 0.010 

Ampl. Factor (Grid-No.2 to Plate) 7.2 

Grid-No. 1 rilA, 75 Plate mA, 40 
Plate Resistance, 4SO ohms 

For other characteristics, refer to Type 6DM4 
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RCA 

Type 

12AX4-
GT 

I2AX4-
GTA 

12AX7 

I2AZl 

I2B8GT 

12BA7 
12BO& 
12BF& 

I2BH7 
12BK5 

12BL& 

12BR7 

12BV7 

12BW4 

I2BY7 

I2C8 

12CN5 

12CT8 

12CX& 

120EB 

120K7 

120L8 

12DM4 
12DM4A 

Max. DC Plate Volts, 700 
Max. DC Cathode rnA, 140 

Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 12DQ6A 
Max. Plate Dissipation, 15 watts 

200 6aO 125 5.6 26 53000 10500 12007 
-0.5 19000 9.1 {across 75 (Grid- (Grid- 120S7 12.6 12.6V 2.2 (Grid- 35 500 No.2 No.2 12DS7A megohm No .. 1) to Plate) to Plate) resistor) 

Diode Plate mA, with 10 Volts Applied, 3 mA 



474 RCA RECEIVING TUBE MANUAL 

RCA Basil, Heater or Use 
Name out- Dia- Filament (F) Values to right give operat-

Type Iille aram ing conditions and character-
istics for indicated typical use 

Volts Am,eres 

120U7 
10.0 0.25 Tetrode Unit as Class A Twin Diode-Power Tetrode 6B 9JX to approx. 
15.9 at 12.6V Amplifier 

10.0 0.375 
12DV8 TWin Diode-Power Tetrade .BE 9HR to afProx. Class A Amplifier 

15.9 a 12.6V 

120W7 Dual Triode &B 9A 12.6 0.15 Unit No.1 as Class A Amplifier 
6.3 0.3 Unit No.2 as Class A Amplifier 

Medium-Mu Triade- 10.0 0.35 Triode Unit as Class A Amplifier 
120Y8 Remote-Cutoff Tetrade 6B 9JD to approx. Tetrode Unit as Signal Seeker 

15.9 at 12.6V Relay 

120Z& 10.0 0.19 
Remate-Cutatl Pentade 5C lBK to approx. Class A Amplifier 

15.9 at 12.6V 

12EA6 
10.0 0.19 

Remote-Cutatl Pento.e 5C 7BK to approx. Class A Amplifier 
15.9 at 12.6V 

12EC8 Medlum-Mu Triode- 10.0 0.225 Triode Unit as Class A Amplifier 
Semiremote-Cutotl Pentade &B 9FA to approx. 

Pentode Unit as Class A 15.9 at 12.6V Amplifier 
12E05 Beam Power Tube 50 7CV 12.6 0.45 Class A Amplifier 

12EG& 
10.0 0.15 

Pentagrid Amplifier 5C 7CN to approx. Class A Amplifier 
15.9 at 12.6V 

12EK& ' lBK 
10.0 0.19 

Remote-Cutatl Pentode 5C to approx. Class A Amplifier 
15.9 at 12.6V 

12El& 
10.0 0.15 

Twin Dlode-High-MuTriade 5C lFB to approx. Class A Amplifier 
15.9 at 12.6V 

12EM6 
10.0 0.5 

Diade-Power Tetrode &E 9HV to approx. Class A Ampli~er 
15.9 at 12.6V 

12EN6 Beam Power, Tube 130 lAC 12.6 0.6 Vertical Deflection Amplifier 

12F5GT High-Mu Triode 14A 5M 12.6 0.15 Amplifier 

12FB Twin Diode-Remote-Cutoll 10.0 0.15 Pentode Unit as Class A 
Pentade &B 9FH to approx. Amplifier 15.9 at 12.6V 

12FK& 
10.0 0.15 

TWig Diode-Low-Mu Triode 5C 7BT to approx_ Triode Unit as Class A Amplifier 
15.9 at 12.6 V 

12FM6 
10.0 0.15 

Twin DIDde-Medlum-Mu Triode 5C lBT to approx. Triode Unit as Class A Amplifier 
15.9 at 12.6V 

12FR8 Diade-Medium-Mu Triode GK 9KU 12.6 0.32 Triode Unit as Class A Amplifier Remate-Cutotl Pentode 

12FV1 Medium-Mu TWin Triode .&E SA 6.3 0.9 Each Unit as Class A Amplifier 12.6 0.45 

Medium·Mu Trlode-PeDtagrid 10.0 0.3 Triode Unit as Class A Amplifier 
12FX8 &D 9KV to approx. CaRYerter 15.9 at 12.6V Pentagrid Unit as Converter 

Medlum-Mu Trlode-Pentagrld 10.0 0.27 Triode Unit as Class A Amplifier 12FX8A 60 SKV to approx. Con,erter 15.9 at 12.6V Pentagrid Unit as Converter 

10.0 0.15 
12GA6 Pentagrld CDnyerter 5C 7CH to approx. Converter 

15.9 at 12.6V 

12GC6 Beam Power Tube 20 8JX 12.6 .' {I.6 H.ori.zontal Deflection Amplifier 

12GJ5 Beam Power Tube , .. 9aK 12.6 0.6 Horizontal Deflection Amplifier 
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'ower 
IIri. Bias Screen 

Ir Grid Plate AC Plate Trans- Amplifi- RCA 
C.tblde Screen Cur- Cur- Resist- conduct- catiDft Out-

PI.te Resistor Grid reRt rent .nce IRce Factlr Load put Type 
Volts Volts mA mA Ohms Micromhos Ohms Watts 

12.6 12.6 1.5 12 6000 6200 2700 0.025 12007 

Grid-No.2 fControl Grid) Resistor, 4.7 megohms Ampl. Factor (Grid-No.2 to Plate) 7.6 
12DV8 Grid-No. 1 space-Chargt Grid) Volts. 12.6 Grid-No. 1 rnA, 53 Plate rnA. 9 

Transcond. (Grid-No.2 0 Plate), 8500 jLmhos Plate Resistance. 900 ohms 
250 - 2V 1.2 62500 100 120W7 250 - 8.5V 10.5 7700 2200 17 
12.6 1.2 10000 2000 20 
10 10 5 min. Grid No. 1 resistor 10 megohms. Plate Load 700 ohms 120ya 
15 - 6V 15 3 max. Plate Load 700 ohms 

Grid-No.1 
12.6 Supply 12.6 2.2 4.5 25000 3800 12DZ& 

Volts. 0 

12.6 12.6 1.4 3.2 32000 3800 {Grid-NO. 1 Supply Volts, 0 } 
Grid-No. 1 Res., 10 megohms 12EA6 

12.6 47000 2.4 6000 4700 25 (Grid Res.) 12ECI 
12.6 12.6 0.28 0.66 750000 2000· Grid No.1 Res., 33000 ohms 

1.25 - 4~V 125 7 37 14000 8500 4500 1.5 12ED5 
tBetween Grid No. 3 & Plate 

12EG& 12.6 - 0.6Vt 12.6 2.8 .55 150000 800t tBias voltage across res. 
2.2 megohms 

Grid-No. 1 Supply Volts, 0 
12EK& 12.6 12.6 1.7 4 SOOOO 4200 Grid-No. 1 Res. (Bypassed), 

2.2 megohms 

12.6 OV 0.75 45000 1200 55 12EL& 

12.6 12.6 4000 5000 Grid-No. 1 Res., 2.2 megohms 12EM6 

Max. Peak Pos.-Pulse Volts, 1200 Max. Plate Dissipation. 7 watts 12EN6 Max. Peak Neg.-Pulse Grid Volts, 250 Max. DC Plate Volts, 300 Max. Peak Cathode rnA, 175 

For other characteristics, refer to Type 6f5GT 12F5GT 

12.6 OV 12.6 0.38 330000 1000 Grid-No. 1 Volts for trans- 12FI condo of 10 micromhos, -5 

12.6 
Grid Supply Volts, () 

Grid Res. (Bypassed), 
2.2 megohms 

1.3 6200 1200 7.4 12FK& 

12.6 OV 7700 1300 10 12FM& 

12.6 -O.8V 12.6 0.7 1.9 400000 2700 12FR8 
100 - 2V 16 2250 9600 21.5 12FVl 

12.6 1.3 7150 1400 10 Grid Res., 
2.2 megohms 12FX8 Grid No. 3 Res., 2.2 megohms 12.6 12.6 1.25 0.29 500000 Conversion Transcond., 300 jLmhos 

12.6 - 0.8 1.3 7150 1400 10 12FXBA Grid No. 3 Res .• 2.2 megohms 12.6 - 0.5 12.6 1.25 0.29 500000 Conversion Transcond., 300 jLmhos 

12.6 1.6V 12.6 0.8 0.3 1M Grid No. 1 Res., 33000 ohms 
Conversion. Transcond., 140 jLmhos 12GA6 

Max. DC Plate Volts, 770 
Max. DC Cathode rnA, l75 . 

Max. Peak Positive-Pulse Plate Volts, 6500 
Mai<. Plate Qissipatian 17.5 watts 12GC& 

",. 
For other characteristics, refer to Type GGJ5 12GJ5 
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RCA Basing Heater or Use 
Name Dut- Dia- Filament (F) Values to right give operat-

Type line gram in~ conditions and character-
is ics for indicated typical use 

Volts Amperes 

12GT5A Beam Power Tube 178 9NZ 12.6 0.6 Horizontal Deflection Amplifier 31A 

12H6 Twin Diode 298 711 12.6 0.15 
Voltage Doubler 

Half-Wave Rectifier 

12J5GT Medium-Mu Triode 130 611 12.6 0.15 Amplifier 

12J7GT Sharp-Cutoff Pentode 14A 7R 12.6 0.15 Amplifier 

12J8 
10.0 0.325 Tetrode Unit as Class A Twin Diode-Power Tetrode 68 9GC to approx, Amplifier 15.9 at 12.6V 

12K5 
10.0 0.4 

Power Tetrode 50 UK to approx. Class A Amplifier 
15.9 at 12.6V 

12K70T Remote-Cutoff Pentode 14A 7R 12.6 0.15 Amplifier 

12K8 Triode-Hexode ConYerter 3 IK 12.6 0.15 Oscillator Mixer 

12KL8 Oiode-5harp-Cutoff Pent!de IE alQ 12.6 0.15 Pentode Unit as Class A 
Amplifier 

12L6GT Beam Power Tube 130 7AC 12.6 0.6 Class A Amplifier 

12Q7GT Twin Diode-High-Mu Triode 14A 7V 12.6 0.15 Triode Unit as Amplifier 

12R5· Beam Power Tube 50 7CV 12.6 0.6 Vertical Deflection Amplifier 

12S8GT Triple Diode-High-Mu Triode 14B leB 12.6 0.15 Triode Unit as Class A Amplifier 

12SA7 
2A 12SA7 Pentagrid Canverter IR 12.6 0.15 Converter 

GT 130 BAD 

12SC7 High-Mu Twin Triode 2A IS 12.6 0.15 Each Unit as Class A Amplifier 

12SF5 
2A lAB 12SF5 High-Mu Triode 12.6 0.15 Class A Amplifier 

GT 
130 lAB 

12SF7 Diode-Remate-Cutoff Pentode 2A 7Al 12.6 0.15 Pentode Unit as Amplifier 

12SG7 Semiremote-Cutoff Pentade 2A IBK 12.6 0.15 Class A Amplifier 

12SH7 Remote-Cutoff Pentode 3 18K 12.6 0.15 Class A Amplifier 

12SJ1 
2A IN 12SJ7 Sharp-Cutoff Peatode 12.6 0.15 Class A Amplifier 

GT 130 IN 

12SK7 
2A IN 12SK7 Remote-Cutoff Pentode 12.6 0.1$ Class A Amplifier 

GT 
130 8N 

12SN7 Medlum-Mu Twin Triode 130 IBD 12.6 0.3 Each Unit as Class A Amplifier GT 
12S07 

2A la 12S07 Twin Diade-Hilh-Mu Triode 130 811 12.6 0.15 Triode Unit as Class A Amplifier 
OT 

12SR7 2A la 12SR7 Twin Diode-Medlum-Mu Triode 130 8Q 12.6 0.15 Triode Unit as Class A Amplifier 
GT 

10.0 0.15 
12U7 Medium-Mu Twin Triode IB 7CK to 

15.9 
approx. 
at 12.6V 

Each Unit as Class A Amplifier 

12Z3 Half-Wave. Rectifier 22 48 12.6 0.3 With Capacitive-Input Filter 

14M· Medium-lilu Triode 128 5AC 12.6 0.15 Class A Amplifier 
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Power 
Grid Bias Screel 

Plate or Grid Plate AC Plate Trans- Amplifi- RCA 
Cathode Screen Cur- Car- Resist- conduct- cation Out-
Resistor Grid rent rent aace anee Factor Loa. pat Type 

Volts Volts mA IRA Ohms Micromhos Ohms Watts 

Max. DC Plate Volts, 770 Max. Peak Positive-Pulse Plate Volts, 6500 12GT5A 
Max. DC Cathode rnA, 175 Max. Plate Dissipation, 17.5 watts 
Max. AC Supply Volts per Plate (RMS), 117 Max. DC Output mA, 8. min. 
Min. Total Effect. Plate-Supply Imped. per Plate: half-wave, 30 ohms; full wave, 15 ohms 12H6 
Max. AC Plate Volts (RMS), 150 Min. Total Effective Plate-Supply Impedance: up 
Max. DC Output rnA, 8 per Plate to 117 volts, 15 ohms; at 150 volts, 40 ohms 

For other characteristics, refer to Type 615GT 

For other characteristics, refer to Type 617GT 

12.6 - OV 12.6 1.5 12 6000 5500 2700 0.02 

12J5GT 
12J7GT 

12J8 

DC Plate Volts, 12.6 Grid-No.2 (Control Grid) Volts, -.5 Plate Resistance. 480 ohms 
Grid-No.1 (Space- Charge Grid) Volts, 12.6 Amplification Factor, Grid-No.2 to Plate, 7.2 12K5 
DC Plate mA, 40 Grid-No.1 mA, 75 Transcond., Grid-N.o. 2 to Plate, 15000 /Lmhos 

For other characteristics, refer to Type 6K7GT 12K7GT 
For other characteristics, refer to Type 6K8 12K8 
For other characteristics, see Type 6Kl8 12KL8 

110 
200 

- 7.5V 
180n 

110 
125 

4.0 
2.2 

49 
46 

13000 
28000 

8000 
8000 

For other characteristics, refer to Type 6Q7GT 

2000 
4000 

2.1 
3.8 

Max. DC Plate Volts, 150 Max. Peak Neg.-Pulse Grid-No.1 Volts, 150 
Max. Peak Cathode rnA, 155 Max. Grid-No.2 Volts, 150 
Max. Plate DiSSipation, 4.5 watts Max. Peak Positive-Pulse Plate Volts, 1500 (Abs.) 

250 - 2V 0.9 91000 1100 100 

For other characteristics, refer to Type 6SA7 

For other characteristics, refer to Type 6SC7 

For other characteristics, refer to Type 6SF5 

For other characteristics, refer to Type 6SF7 
For other characteristics, refer to Type 6SG7 

For other characteristics, refer to Type 6SH7 

For other characteristics, refer to Type 6S17 

For other characteristics, refer to Type 6SK7 

For other characteristics, refer to Type 615 

For other characteristics, refer to Type 6SQ7 

For other characteristics, refer to Type 6SR7 

12.6 OV 12500 1600 20 

Max. DC Output mA,55 

For other characteristics, refer to Type 615 

12L6GT 
12Q7GT 

12R5 

12S8GT 
12SA7 
12SA7 

GT 
12SC7 
12SF5 
12SF5 

GT 
12SF7 
12SG7 
12SH7 
12SJ7 
12SJ7 

GT 
12SK7 
12SK7 

GT 
12SN7 

GT 
12S07 
12S01 

GT 
12SR7 
12SR7 

GT 

12U7 

12Z3 
14M 
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RCA Basing Heater or Use 
Name out- Dia- Filament IF) Values to right give operat-

.1)p. line gram ing conditions and character-
istics for indicated typical use 

Volts Amperes 

14A5 Beam Power Tube 12B IAA 12.6 0.15 Class A Amplifier 

14A7 Remote-Cutoff Pentode 12B 8V 12.6 0.15 Class A Amplifier 

14AFl Medium-Mu Twin-Triode 12B aAC 12.6 0.15 Each Unit as Class A Amplifier 
14B& Twin Diode-High-Mu Triode 128 8W 12.6 0.15 Triode Unit as Class A Amplifier 
14B8 Pentagrid Converter 128 8X 12.6 0.15 Converter 
14C5 Beam Power Tube 12C SAA 12.6 0.225 Class A Amplifier 
14C7 Sharp·Cutoff Pentode 12B BY 12.6 0.15 Class A Amplifier 
14E6 Twin Diode-Medium-Mu Triode 12B BW 12.6 0.15 Triode Unit as Class A Amplifier 

14E7 Twin Diode Remote-Cutoff 12B aAE 12.6 0.15 Pentode Unit as Class A 
Pentode Amplifier 

14F7 High-Mu Twin Triode 12B aAC 12.6 0.15 Each Unit as Class A Amplifier 
14F8 Medium-Mu Twin Triode 12A aBW 12.6 0.15 Each Unit as Class A Amplifier 
14H7 Semiremote-Cutoff Pentode 12B 8Y 12.6 0.15 Class A Amplifier 
14J7 Triode-Heptode Converter 12B 80l 12.6 0.15 Converter 
14N7 Medium-Mu Twin Triode 12C aAC 12.6 0.3 Each Unit as Class A Amplifier 
1407 Pentagrid Converter 12B BAL 12.6 0.15 Converter 

14R7 Twin Diode-Remote-Cutoff 12B 8AE 12.6 0.15 Pentode Unit as Class A 
Pentode Amplifier 

15 Sharp-Cutoff Pentode 24B 5F 2.0 0.22 Class A Amplifier 

17AX4 Half-Wave Rectifier 130 4CG 16.8 0.45 Television Damper Service GT 
17DM4 Half-Wave Rectifier 1311 4CG 16.8 0.45 Television Damper Service 

170Q6A Beam Power Tube 20 SAM 16.8 0.45 Horizontal Deflection Amplifier 

17GJ5 Navar-Beam Power Tube 18A 911K 16.8 0.45 Horizontal Deflection Amplifier 

17H3 Half-Wave Rectifier 8E 9FK 17.5 0.3 Television Damper Service 

171G& Beam Power Tube 178 9GU 16.8 0.6 Horizontal Deflection Amplifier 

Medium-Mu Triode-Uarp·Cutoff 
Triode Unit as Class A Amplifier 

l7l08 Pentode 10F 9GT 16.8 0.45 Pentode Unit as Class A 
Amplifier 

18A5 Beam Power Tube 13F ICK 18.5 0.3 Horizontal Deflection Amplifier 

18FW6 Remote-Cutoff Pentode 5C 7CC 18.0 0.1 Class A Amplifier 7CC 18.0 0.1 

18FX6 Pentagrid Converter 5C 7CH 18.0 0.1 Converter 7CH 18.0 0.1 

18FY6 Twin Diode-Higb-Mu Triode 5C 7BT 18.0 0.1 Triode Unit as .Class A Amplifier 7BT 18.0 0.1 

19 Hiab-Mu Twin Power Triode 22 or IC 2.0F 0.26 Amplifier 13H 
19AU4 Half-Wave Rectifier 13G 4CG 18.9 0.6 Television Damper Service BTA 

19BG6G 
27B 19BB& Beam Power Tube 5BT 18.9 0.3 Horizontal Deflection Amplifier 

SA 
19J& Medium-Mu Twin Triode 5C 7BF 18.9 . 0.15 Each Unitas"Class' A Amplifier 

19T8 Triple Diode-High-Mu Triode IE 18.9 0.15 Triode Unit as Class A Amplifier 
-20 Power Triade 40 3.3F 0.132 Class A Amplifier 

20E07 Diode-Remote-Cutoff Pentode IE 9111 20.0 0.1 Pentode Unit as Class'A 
Amplifier 

21EX6 Beam Power Tube 21B 5BT 21.5 0.6 Horizontal Deflection Amplifier 



RCA TYPES FOR REPLACEMENT USE 

Power 
Grid Bill Screea 

or Grid Plat, AC Plate Trans- Alllpliti-
Catbode Screen Cur- Cur- Resist- conduct- catiaR 

Plate Resist,r Grid rent reat Inee .nce Factor La.d 
Valts Volts iliA mA Dbllls Mlcramhas Dbms 

250 -12.5V 250 5.5 32 70000 3000 7500 
100 IV 100 4.0 13.0 120000 2350 
250 - 3V 100 2.6 9.2 800000 2000 

For other characteristics, refer to Type 7AF7 

For other characteristics, refer to Type 6SQ7 

For other characteristics, refer to Type 6AB 

315 -13V 225 2.2 34.0 80000 3750 8500 
For other characteristics, refer to Type 6SJ7 

For other characteristics, refer to Type 6BF6 

250 330n 100 1.6 7.5 700000 1300 

For other characteristics, refer to Type 6SL7GT 
250 soon 6.0 3300 48 

For other characteristics, refer to Type 7H7 

For other characteristics, refer to Type 7J7 

For other characteristics, refer to Type 6SN7GT 

For other characteristics, refer to Type 6SA7 

For other characteristics, refer to Type 7R7 

135 - 1.5V 67.5 0.3 1.85 800000 750 

Max. Peak Inverse Plate Volts, 4400 
Max. Peak Plate rnA, 750 

Max. Peak Heater-Cathode Volts: I -4000 
1 +300 

DC component must not exceed 900 volts Max. DC Plate rnA, 125 

For other ratings, refer to Type 6DM4 

Dut-
put 

Witts 

2.8 

5.5 

Max. DC Plate Volts, 700 
Max. DC Cathode rnA, 140 

Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
Max. Plate DiSSipation, 15 watts 

For other ratings, refer to Type 6GJS 
Max. Peak Inverse Plate Volts, 2000 Max. Average Plate rnA, 75 
Max. Peak Plate rnA, 450 Max. Plate DiSSipation, 3 watts 
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RCA 

Type 

14A5 
14A7 
14AF7 
1486 
1488 
14C5 
14C7 
14E6 
14E7 
14F7 
14F8 
14H7 
14J7 
14N7 
14Q7 
14R7 

15 
17AX4 

GT 
17DM4 
17DQ6A 
17815 
17H3 

For other characteristics, refer to Type 17JG6A 17JG6 
ISO - SV 3.3 11300 1900 21.S 

~~~0----_~8V~----1-10----4----4~6~--1~17~00~~71~00~--~~-------------17LD8 

Max. DC Plate Volts, 350 
Max. DC Cathode rnA, 90 

100 680 100 

100 - 1.5V 100 

100 - IV 

Max. DC Plate Volts, 700 

Max. Peak Pos.-Pulse Plate Volts, 3000 
Max .. Plate Dissipation, 9 watts 

4.4 11 250000 4400 

6.2 2.3 400000 Grid No.1 Resistor, 20000 ohms 
Conversion Transcond., 480 ",mhos 

0.6 77000 1300 100 

For other characteristics, refer to Type 1J6GT 

For other ratings, refer to Type 6AU4GTA 

Max. DC Plate Current, 110 rnA. 
Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 
Max. Plate Dissipation, 20 watts 

100 

135 

son (For both units at 
the specified conditions) 8.S 7100 5300 

For other characteristics, refer to Type 6T8A 

-22.SV 6.5 6300 52S 

For other characteristics, refer to Type 6EQ7 

For other ratings, refer to Type 6EX6 

38 

3.3 6500 0.110 

18A5 
18FW6 

18FX6 

18FY6 

19 
19AU4 

GTA 
198G6G 
19BG& 

GA 
19J6 
19T1 
20 

20EQ7 

2lEX6 
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RCA BasiRg Heater or Use 
Name Out- Dla- Filament (F) Values to right give ope rat-

Type liRe gram ing conditions and character-
istics for indicated typical use 

Yolts Amperes 

22 Sharp-Cutoff Tetrode 29K 4K 3.3F 0.132 Screen-Grid RF Amplifier 

22JG& Beam Power Tube 17B 9QU ~ 0.~5 Horizontal Deflection Amplifier 

24A Sharp-Cutoff Tetrode 29K 5£ 2.5 1.75 Screen-Grid RF Amplifier 

25A6 
Power Pentode 2B 15 25.0 0.3 Class A Amplifier 25A6GT 13D 15 

25A7GT Rectifier-Power Penlode 130 8F 
Pentode Unit as Class A 

25.0 0.3 Amplifier 
Half-Wave Rectifier 

25AC5 High-Mu Pawer Triode 130 6Q 25.0 0.3 Amplifier GT 
25B5 Direct-Coupled Power Amplifier 60 25.0 0.3 Amplifier 

25B6G Power Pentade 25 lS 25.0 0.3 Class A Amplifier 

25B8GT High-Mu Triode-Remote-Cutoff 
Triode Unit as Class A Amplifier 

Pentode 130 8T 25.0 0.15 Pentode Unit as Class A 
Amplifier 

25BK5 Beam Power Tube 6£ SBQ 25 0.3 Class A Amplifier 

25BQ6 Beam Power Tube 140 GAM 25.0 0.3 Horizontal Deflection Amplifier GT 
25C6G Beam Power Tube 25 lAC 25.0 0.3 Class A Amplifier 

25CD6 Beam Power Tube 21B 5BT 25 0.6 Horizontal Deflection Amplifier GA 5BT 25 

25EC& Beam Power Tube 21A 5BT 25.0 0.6 Horizontal Deflection Amplifier 

25L6. Beam Power Tube 2B lAC 25.0 0.3 Amplifier 

25L&GT Beam Power Tube 130 7AC 25.0 0.3 Amplifier 

25N6G Direct-Coupled Power Amplifier 7W 25.0 0.3 Class A Amplifier 

25W4GT Half-Wave Rectifier 130 4CG 25.0 0.3 Television Damper Service 

25Y5 Rectifier-Doubler 22 or BE 25.0 0.3 Half-Wave Rectifier 13H 

25ZS Rectifier-Doubler 22 or IE 25 .• 0 0:3 Rectifier-Doubler 13H 

2516 2B 7Q 25.0 0.3 
Voltage Doubler 

25z&GT Rectlfier-Dlubler 130 7Q 25.0 0.3 
Half-Wave Rectifier 

26 Medium-Mu Triode 26 40 1.5F 1.05 Class A Amplifier 

27 Low-Mu Triode 22 or 5A 2.5 1.75 Class A Amplifier 13H 

30 Medium-Mu Triode 22 or 40 2.0F 0.06 Amplifier 13H 

31 Power Triode 22 or 40 2.0F 0.13 Class A Amplifier 13H 

32 Sharp-Cutoff Tetrode 29K 4K 2.0F .0.06 Class A Ampl ifier 

32ET5 Power Pl!ntode 50 7CY 32.0 0.1 Class A Amplifier 

32L7GT Rectler,....Beam Power Tube 14A 8Z 
Class A Amplifier 

32.5 0.3 Half-Wave Rectifier 

33 Power Pentode 25 5K 2.5F 0.26 Class A Amplifier 

34 Remote-Cutoff Pentode 29K 4M 2.0F 0.06 Screen-Grid RF Amplifier 
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Power 
Srid Bias Screen 

or Grid 
Cathode Screen Cur-

Plate AC Pllte Trans- Amplifi-
Cur- Resist- conduct- cation 

Plate Resistor Grid rent rent aRee ance Factor load 
Volts Volts mA mA Ohms Micromhas Ohms 

135 - 1.5V 67.5 1.3 
(Max.) 3.7 325000 500 

For other characteristics, refer to Type 22JG6A 

250 - 3V 90 (~!x.) 4.0 600000 1050 

95 -15V 95 4 20 45000 2000 4500 

100 -15V 100 4.0 20.5 50000 1800 4500 

Max. AC Plate Volts (RMS), 117 Max. DC Output rnA, 75 Max.Peak Plate rnA, 450 

110 + 15V (Grid rnA, 7) 15 15200 3800 58 

For other characteristics, refer to Type 25N6G 

-23V 135 1.8 62.0 18000 5000 2500 

Out-
put 

Witts 

0.9 

0.77 

7.1 

481 

RCA 

Typ. 

22 
22JG& 

24A 
25A6 

25A6GT 
25A7 

GT 
25AC5 

GT 
2585 

100 1 V 0.6 75000 1500 112 
-=:100::.....------'3:.:..V---1-00--2.-0----=7""'.6--1.:..:850""0"'-0--'2O::00=0---=-=--------25B8GT 

For other characteristics, refer to Type 6BKS 

Max. DC Plate Volts, 600 Absolute Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
Max. DC Cathode rnA, 112.5 Max. Plate Dissipation, 11 Watts 

Max. DC Plate Volts, 700 
Max. DC Plate rnA, 200 
Max. DC Plate Volts, 700 
Max. DC Cathode rnA, 200 

110 - 7.SV 110 
200 - BV 110 

For other characteristics, refer to Type 6Y6G 

4 
2 

Max. Peak Positive-Plus Plate Vols, 7000 
Max. Plate Dissipation, 20 Watts 

Max. Peak Positive-Pulse Plate Volts, 700 (Abs.) 
Max. Plate Dissipation 10 watts. 

49 13000 9000 2000 2.1 
50 30000 9500 3000 4.3 

258K5 

25BQ6 
GT 

25C6G 

25CD6 
GA 

25EC& 

2516 
For other characteristics, refer to Type 50l6GT 25L&BT 

Output Triode: Plate Volts, 180; Plate rnA, 46; load, 4000 ohms 3 8 25N6G 
Triode: Plate Volts, 100; Grid Volts, 0; A-F Signal Volts (Peak), 29.7; Plate rnA, 5.B . 

Max. Peak Inverse Plate Volts, 3850 (Abs.) Max Peak Heater-Cathode Volts. { -500 (Abs.) 2514BT 
Max. Peak Plate rnA, 7S0 • • +200 
Max. DC Plate rnA, 125 DC Component must not exceed 100 Yolts 

Max. DC Output rnA per Plate, 75 25Y5 

For other ratings, refer to Type 25Z6 25Z5 

Max. AC Volts per Plate (RMS), 117 Min. Total Effective Plate-Supply Impedance: Half- 25Z6 
Max. DC Output rnA, 75 Wave, 30 ohms; Full-Wave, lS ohms 

--~M~a~x~.~A~C7.V~01~ts~p~e~r~P~la7te~(~R~M~S)',A2 .. 35~---7.M~in~.~T~ot~al~E~ff~e~ct~.~s~Up~pTly~l~m=p~ed~.~p~er~p~l~at~e:-a~t~1~17~vO~lt~s---25Z&GT 
Max. DC Output rnA per Plate, 75 lS ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 

IBO -14.5V 6.2 7300 1150 8.3 26 

250 -21V 5.2 9250 975 9.0 27 
For other characteristics, refer to Type IH4G 30 

IBO -30V 12.3 3600 10S0 3.8 5700 0.375 31 
180 - 3V 67.5 0.4 1.7 1M 650 (Max.) 32 
110 -7.SV no 2.8 30 21500 5500 2800 1.2 32m 

90 - 7V 90 2.0 27.0 17000 4800 2600 1.0 
Maximum AC Plate Voltage .................................................. 125 
Maximum DC Output Current... .............................................. 60 

Volts, RMS 
Milliamperes 

180 -l8V 180 S.O 22.0 55000 . 1750 6000 1.4 33 
IBO 3V 67.5 1.0 2.B 1M 620 min. 34 
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RCA Basil, Heater .r Use 
Name out- Dla- filament (f) Values to right give operat-

Typ. Iile ,rill ing conditions and character-
istics for indicated typical use 

Volts Amperes 

34GD5 Beam Power Tube 50 lCV 34.0 0.1 Class A Amplifier lCV 34;0 0.1 

35 Remote-Cutoff Tetrode 29K 5E 2.5 1.75 Screen-Grid RF Amplifier 

35A5 Beam Power Tube 12C SAA 35.0 0.15 Single-Tube Class A Amplifier 

35B5 Beam Power Tube 5D lBZ 35.0 0.15 Class A Amplifier 
Triode Unit as Class A Amplifier 

35DZ8 Higb-Mu Triode-Power Pentode 6H aJE 35.0 0.15 Pentode Unit as Class A 
Amplifier 

35GL6 Beam Power Tube 50 lFZ 35.0 0.15 Class A Amplifier 

35Y4 Half-Wawe Rectifier Heater Tap 12C 5AL 35.0 0.15 With Capacitive-Input Filter for Pilat Pilot Between Pins 1 and 4 
35Z3 Half-Wave Rectifier 12C 4Z 35.0 0.15 With Capacitive-Input Filter 

35Z4GT Half-Wave Rectifier 130 5AA 35.0 0.15 With Capacitive-Input Filter 

36 Sharp-Cutoff Tetrade 24B 5E 6.3 0.3 Screen-Grid RF Amplifier 

36AM3 Half-Wave Rectifier 50 5BQ 36.0 0.1 With 'Capacitive-Input Filter 

36AM3A Half-Wave Rectifier 50 SBQ 36.0 0.1 With Capacitive-Input Filter 5BQ 36.0 0.1 

37 Medlum-Mu Triode 22 or SA 6.3 0.3 Class A Amplifier 13H 
38 Power 'Pentode 24B 5F 6.3 0.3 Class A Amplifier 

39/44 Remote.Cutoff Peatode 24B 5F 6.3 0~3 Class A Amplifier 

40 Medium-Mu Triode 2& 40 5.0F 0.25 Class A Amplifier 

41 Power Pentode 22 or 6B 6.3 ,0.4 Amplifier 13H 
42 Power Pentode 28 &B 6.3 0.7 Amplifier 

43 Power Pentode 28 IB 25.0 0.3 Amplifier 

45 Power Triode 26 40 2.5F 1.5 Class A Amplifier 

45Z3 Half-Wave Rectifier 5C 5AM 45.0 0.075 ,Half-Wave Rectifier 

45Z5GT Hllf-Wave Rectifier 130 6AD 45.0 0.15 With Capacitive-Input Filter 
Heater Tap for Pilat Pilot Between Pins 2 and 3 

46 Dual-Grid Power Amplifier 21B 5C 2.5F 1.75 Class A Amplifier 

47 Power Pentode 21B 5B 2.5F 1.75 Class A Amplifier 

48 ~ower Tetrode 27B IA 30.0 0.4 Class A Amplifier 

49 DUll-Grid Pawer Amplifier 2& 5C 2.0F 0.12 Class A Amplifier 

50 Pawer Triode 29L 40 7.5F 1.25 Class A Amplifier 

50A5 Beam Power Tube 12C 6AA 50.0 0.15 Class A Amplifier 

50C6G Beam Power Tuile 25 lAC SO.O 0.15 Single-Tube Class A Amplifier 

50FE5' Beam Power Tube 13G IU SO.O 0.15 Class A Amplifier 

50fK5 Power Pentode 50 lCV SO.O 0.1 Class A Amplifier 

50X& Rectifier-Doubler 12C lOX 50.0 0.15 Rectifier-Doubler 

50Y6GT Rectifier-Doubler 130 71 50.0 0.15 Rectifier-Doubler 

Rectifier-Doubler 130 BAN SO.O 0.15 
Voltage Doubler 

50Y7GT Heater Tap for Pilat Pilot Between Pins 6 and 7 Half-Wave Rectifier 

50Z7G Rectifier,Oaubler 22 8AN 50.0 0.15 Voltage Doubler 
Heater Tap for Pilot Pilot Between Pins 6 and 7 ,Half-Wave Rectifier 

53 Higb-Mu Twin Power Triode 26 7B 2.5 2.0 Amplifier 
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Plat. 
Volts 

110 

250 

Grid Bias 
ar 

Cathade 
Resistar 

- 7.5V 

- 3V 
min. 

Screen 
Grid 
Volts 

110 

90 

Screen 
Grid 
Cur­
rent 
mA 

3 

2.5' 

Plate AC Plate 
Cur- Resist-
rent ance 
mA Ohms 

35 13000 

6.5 

Trans­
conduct­

ance 
Micromhes 

5700 

1050 

Amplifi­
cation 
Factar 

Power 

laad 
Ohms 

2500 

Out­
put 

Watts 

1.4 

483 

RCA 

Type 

34GD5 

35 

For other characteristics, refer to Type 35L6GT 35A5 

For other characteristics, refer to Type 35C5 3585 
120 15000 0.8 1400 100 

--=140"'---=180=0---1-20----45-=-=------'7:.:..:500=---==----2-50-0--2-.0- 35DZ8 

110 - 7.5V 110 3 45 12000 7500 2500 1.8 35GL6 

For other characteristics, refer to Type 35W4 35Y4 

For other ratings, refer to Type 35Z5GT 35Z3 
--'M"-a=x-. ruDC~Ou~t=pu~t~m~A',·10"'0.---------~M~in-.. To~ta~I'E~ff~ec~t~iY=enp~la .. te~-S~u=pp~l~y~lm=p=e~da=n=ce~:·u~p't=0·1~17.---3~5=Z=4~GT 

Yolts, 15 ohms; at 235 Yolts, 100 ohms 

AC Plate Volts (RMS), 117 Max. Peak Inverse Volts 365 3SAM3 
Max. DC Output mA, 82 Tube Voltage Drop for Piate mA, 150, 20 volts 
Max. AC Plate Volts~(i;iRi'iM"'S)', ~12O .. ------------iM":a=x=-. p"'e=a;::k 7.lnO::y7.er:?se07.vo:'lti:s':'::, C:ii36"'5=c.=.:::::.c..::::...:.:::.::=-----3-SA-M-3-A 
Max. DC Output mA, 82 Tube Voltage Drop for Plate mA, 150, 16 volts 

250 -18V 7.5 8400 1100 9.2 37 

250 

250 

180 

-25V 
r - 3V 
1 min. 
- 3V 

250 

90 

3.8 22.0 100000 1200 10000 2.50 

1.4 5.8 1.0 1050 

0.2 150000 200 30 

For other characteristics, refer to Type 6K6GT 

For other characteristics, refer to Type 6F6G 
For other characteristics, refer to Type 25A6 

275 -56V 36.0 1700 2050 3.5 4600 2.00 
Max. Peak Inverse Volts, 350 Max. DC Output mA, 65 Max. Peak Plate mA, 390 

For other ratings, refer to Type 35Z5GT 

250 -33V 22 2380 2350 5.6 6400 1.25 
250 4500 250 6.e 31 60000 2500 7000 2.7 
125 -20V 100 9.5 56 3900 1500 2.5 
135 -20V 6.0 4175 1125 4.7 11000 0.17 
450 -84V 55 1800 2100 3.8 4350 4.6 

For other characteristics, refer to Type 5OL6GT 
135 -13.5V 135 3.S 58 9300 7000 2000 3.6 
200 -14V 135 2.2 61 18300 7100 2600 6 

For other characteristics, refer to Type 6FES 
110 620 115 8.S 32 14000 12800 3000 1.2 

For other ratings, refer to Type 25Z6GT 
~or other ratings, refer to Type 25Z6GT 

Max. AC Volts per Plate (RMS), 117 Min. Total Effective Plate-Supply Impedance per 
Max. DC Output mA, 65 Plate, 15 ohms 
Max. AC Volts per Plate (RMS), 235 Min. Total Effec. Plate-Supply Imped. per Plate: At 117 
Max. DC Output mA per Plate, 65 Yolts, 15 ohms; at 150 Yolts, 40 ohms; at 235 Yolts, 100 ohms 

38 

39/44 
40 
41 
42 
43 
45 

45Z3 
45Z5GT 

46 
47 

48 
49 
50 

50A5 

50C6G 

50FE5 

50FK5 
50X6 

50Y6GT 

50Y1GT 

Max. DC Output mA, 65 
Max. DC Output mA per Plate, 65 50Z7G 

For other characteristics, refer to Type 6~1, ________________ ~53~ 
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RCA Basing Heater or Use 
Out- Dia- Filament IF) Values to right give operat-

Type Nlllle line gram inf conditions and character-
is ics for indicated typical use 

Volts Amperes 

7()L7GT Rectifier-8eam Power Tube 13F .A~ 70.0 0.15 

Amplifier Unit as Class A 
Amplifier 

Half-Wave Rectifier 

75 Twin Diade-Hi,h-Mu Triade 246 6& 6.3 0.3 Amplifier 

78 Remote-Cutoff Pentade 24B IF 6.3 0.3 Amplifier Mixer 

ao 
With Capacitive-I nput Filter 

Full-Wave Rectifier 2& 4C 5.0F 2.0 
With Inductive-Input Filter 

a4/6Z4 22 or With Capacitive-Input Filter 
Full'Wave Rectifier 13H 50 6.3 0.5 

With Inductive-Input Filter 

117L7 Amplifier Unit as Class A 

BTl Rectifier-Beam Power Tube 131' aAO 117 0.09 Amplifier 

M7GT Half-Wave Rectifier 

117N7 
Amplifier Unit as Class A 

Rectifier-Beam Power Tube 13F lAY 117 0.09 Amplifier-
BT Half-Wave Rectifier 

117P7 Rectifier-8eam Pawer Tube 13F SAY 117 0.09 GT 
1t7Z3 Half-Wave Rectifier 50 4CB 117 0.04 With Capacitive-Input Filter 

117Z4 Half-Wave Rectifier 29F 5AA 117 0.04 With Capacitive-Input Filter GT 

117Z6 Voltage Doubler 

BT Rectifier-Olu"er 130 1Q 117 0.075 
Half-Wave Rectifier 

7027 Bum Pawer Tub. 19F IHY 6.3 0.9 
Push-Pull Class ABi Amplifier 

Push-Pull Class ABi Amplifier 

1247 DUll Triade U SA 12.6 0.15 Unit No.1 as Class A Amplifier 
6.3 0.3 Unit No.2 as Class A Amplifier 

7591 Beam Power Tube 13D .KQ 6.3 0.8 
Class A Amplifier 

Push-Pull Class ASi Amplifier 

1695 Belm Power Tube 130 IPX 50 0.15 
Class A Amplifier 

Push-Pull Class ABi Amplifier 

EM841 Electre_RI, Tu~e IF !GA 6.3 0.27 Visual Indicator 
&FB6 
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Power 
Grid Bias Screen 

Dr Grid Plate AC Plate Traas- Ampllfl- RCA 
Cathode Screen Cur- Cur- Resist- ca.duct- cation Out-

Plat. Resistor Grid re.t rent Ince Ince Factor Laid put Type 
Volts Volts mA mA Ohms Micromhos Ohms Watts 

110 -7.5V 110 3.0 40.0 15000 7500 2000 1.8 70L7GT 
Max. Peak Inverse Volts, 350 Max. DC Output rnA, 70 Max. Peak Plate rnA, 420 

Min. Total Effect. Plate-Supply Imped., 15 ohms 
For other characteristics, refer to Type 6SQ7 75 
For other characteristics. refer to Type 6K7 78 

AC Volts per Plate (RMS), 350 DC Output rnA, 125 Min. Total Effect. Supply 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA, 440 Imped. per Plate, 50 ohms 80 AC Volts per Plate (RMS), 500 Max. DC Output rnA, 125 Min. Value of Input Choke, 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA, 440 10 henries 
AC Volts per Plate (RMS), 325 DC Output rnA, 60 Total Effectc'". ""SuO:p"'pI;::"y----
~M~ax~.~p~ea~k~l~nv~e~rs~e~V~01~ts~,~17.25O~------_7.M~ax~.~p~ea~k~P71~at7e~m7A~,~lM=-------~I~m~pe~d~.~pe~r~p~la~t~e,~175O~oh~m~s 84/6Z4 
AC Volts per Plate (RMS), 450 Max. DC Output rnA, 60 Value of Input 
Max. Peak Inverse Volts, 1250 Max. Peak Plate rnA, 1M Choke, 10 henries 

105 - 5.2V 105 4 43 17000 5300 4000 0.85 

Max. AC Plate Volts (RMS), 117 Max. DC Outr.ut rnA, 75 Min. Total Effect. Plate-
Maffl. Peak Inverse Volts, 350 Max. Peak P ate rnA, 450 Supply Imped., 15 ohms 

100 - 6V 100 51 16000 7000 3000 1.2 

Max. AC Plate Volts (RMS), 117 Max. DC outr.ut rnA, 75 Min. Total Effect. Plate-
Max. Peak Inverse Volts, 350 Max. Peak P ate rnA, 450 Supply Impedance, 15 ohms 

For other characteristics, refer to Type 117L7/M7GT 

Max. Peak Inverse Volts, 330 

Max. Peak Inverse Volts, 350 

Max. DC Output rnA, 90 
Max. Peak Plate rnA, 540 

Max. DC Output rnA, 90 
Max. Peak Plate rnA, 540 

Min. Total Effect. Plate­
Supply Imped., 20 ohms 

Min. Total Effect. Plate­
Supply Imped., 30 ohms 

11717 
GT/ 

M7GT 

117N1 
GT 

117P7 
GT 

117Z3 
117Z4 

GT 
AC Volts per Plate (RMS), 117 Min. Total Effective Plate-Supply Impedance per Plate: 
;DC~O~ut~p~ut~m~A~'i~~~~~~ __ ~-7.Ha~l~f-W~av~e~,~~o~h~m~s;~F~U~II~-w~a~v~e,~1~5~O~hm~s~=-~~-.~~~117Z6 
AC Volts per Plate (RMS), 235 Min. Total Effect. Supply Imped. per Plate: At 117 GT 
DC Output mA per Plate, 60 volts, 15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 

450 -30V 350 3.40 950 6000 50 
400 200n 300 70 1120 6600 32 
3M 1MO 380 5.60 1380 4500 36 7027 
410 2200 Cath. rnA, 134 8000 24 
~ -8 U ~ ~ ~ 00 
250 8.5V 10.5 7700 2200 17 

_3~0~0 ____ -~10~V~ __ -7.~~0 __ ~8~ __ ~6~0 __ ~2=9~OO~0 __ ~10=2=00~ ________ ~3~00~O __ ~11~ __ 7591 
450 2000 400 11.5 82 9000 28t 
130 11V 1~ 5 100 7000 11000 1100 4.5 7&95 
140 500 140 9 210 1500 lOt 

Triode Plate Supply Volts, 250 Fluorescent-Target Volts, 250 
Triode-Plate Resistance, 1 MO Triode-Grid ReSistance, 0.47 MO EM84/ 
Triode Grid-Supply Volts, -22 Triode Plate rnA, 0.06 Fluorescent Target rnA, 1.6 6FG6 

Max. Length of Dark Part of Target, when triode grid resistor = 0, 1.14 inch 

t for two tubes at stated plate-to-plate load. o for two tubes. 
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Basing Diagrams for 

RCA Replacement 
and Discontinued Types 

For Key: Basing Diagrams, see inside back cover. 
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BASING DIAGRAMS FOR RCA PICTURE TUBES 
(See page 495 for data.) 
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H H 
12L 

ANODE = 03 "'" 05 .• CL 
fOCUSING ElECtRODE '" 04 

ANODE 

12 

H H 
125 

ANODE = G3 + GS + Ct. 
AUTOMATIC FOCUSING 

n4AL1 
CA." OYER· PIN tt.. 1 

= 04 + GS 
CAP OYER PIN No.2 .. ANODE 

~ 06 + CL & HIGH-VOLTAGE 
TERMINAL. Connect H ..... VGl •. 
oge Supply to this Capon" 11150 
connect SO.OOO.ohm rasii'­
between this Cap '"'" the Co .. 
over Pin No.1. 

POCUSING ELECTION = 03 

I .. 
ANODE "" 02 + 0 .. +- a. 

FOWSING ELECTRODE "" Ga 

ANOOE 

H H 
12M 

ANODE = 03 + 05 + CL 
FOCUSING ELECTRODE "" a .. 

14A" 
ANODE=~4TGS+CL+1 

FOCUSING ELECTRODE = 03 

ULTOR = 0 .. + Os + CL 
fOCUSING ELECTRODE =0 03 

Notes for RCA Picture Tube Characteristics Chart 
• G Glass round. 
• M Metal round. 
• G Glass rectangular. 
• M Metal rectangular. 
E Electrostatic. 
M Magnetic. 
a Faceplate is spherical, un­

less otherwise specified. 
b All types utilize magnetic 

deflection except for type 
7JP4 which employs elec­
trostatic deflection. 

c The anode is defined as the 
electrode, or the electrode 
in combination with one or 
more additional electrodes 
connected within the tube 
to it, to which is applied 
the highest dc voltage for 

accelerating the electrons in 
the beam. 

Q Projection tYpe. 
" Typical deflection factors 

(volts dc/in.) for anode 
voltage of 6000 volts: 
DJ1 & 012 (nearer screen) 

186 to 246 
DJ3 & :/)14 (nearer base) 

150 to 204 
f Has low grid-No.2 voltage 

rating: for Cathode·Drive 
Service. 

g This type has an internal 
magnetic shield. 

h Cylindrical faceplate. 
j Bipanel type. 
k Treated to reduce specular 

reflection. 

m PAN-O-PLY-integral im­
plosion protection. 

n This type has a flat, alu­
minized, fiIterglass phosphor­
dot screen plate. 

p Three heaters paralleled In­
ternally. 

q This type bas an integral 
protective window. 

r Three heaters series con­
nected internally. 

s Automatic. 
t Hi-Lite screen,. rare·earth 

phospor. 
u Filled-rim-type safety fea­

ture. 
v 21-inch .round color picture 

tube similar to 21FBP22. 
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RCA PICTURE TUBE CHARACTERISTICS CHART 
Greatest 

Deflection Approx. Maximum Design PM 
Angle· Tube Over-all Maximum Ion-Trap 

RCA Aluminized Heater (Approx.) Fotusing Weight Length Anode" Magnet 
Type Screen VoltsjmA Envelopea Degrees Method Pounds Inches Basing" Volts Required 

Silverama Types for Black-and-White TV 
5TP44 Yes 6.3/600 eG 50 E 1.2 12.125 12C 29500 No 
7JP4 No 6.3/600 eG (el E 3 14.875 14R 6500 No 
80P4 No 6.3/600 .G 90 E 3 10.750 12AB 9000 Yes 
9QP4A No 4.7/300 .G 70 E 3.5 13.062 12AO 7500 Yes 
108P4A No 6.3/600 eG 55 M 10 18.000 12N 13000 Yes 
10FP4A Yes 6.3/600 eG 55 M 10 18.000 12N 13000 No 
11CP4 Yes 6.3/450 .G 110 E 4 9.188 8HR 15000 No 
11 HP4A Yes 6.3/450 • G"' 110 E 4 9.188 8HR 15000 No 
11GP4 Yes 6.3/450 • G" 110 E 5 9.035 8HR 15000 No 
128NP4A Yes 6.3/450 • G"' 110 E 5 9.598 8HR 16000 No 
12KP4A Yes 6.3/600 eG 55 M 12 18.000 12N 13000 No 
14ATP4 Yes 8.4/450 .G 90 E 8.5 13.500 12l 15500 No 
14CP4B Yes 6.3/600 .G 70 M 10.5 16.844 12N 15500 No 
14WP4 Yes 6.3/600 .G 90 E 8.5 13.500 12l 15500 No 
16ANP4 Yes 6.3/600 • Gq 114 E 9.5 10.750 8HR 18000 No 
16AYP4 Yes 6.3/450 .G 114 E 8.5 10.561 . 8HR 20000 No 
168GP4 Yes 6.3/450 • G"' 114 E 9.5 10.811 8HR 20000 No 
160P4A Yes 6.3/450 • G'" 114 E 9.5 10.811 8HR 20000 No 
16CHP4A' No 6.3/600 eG 60 M 15 21.000 120 16500 Yes 
16lP4A No 6.3/600 eG 52 M 14.5 22.625 12N 15500 Yes 
16RP48 Yes 6.3/600 .G 70 M 16 19.125 12N 17500 No 
16TP4 No 6.3/600 .G 70 M 16 18.500 12N 15500 Yes 
16WP4A No 6.3/600 eG 70 M 16.5 18.125 12N 17500 Yes 
17BJP4 Yes 6.3/600 .G 90 E 15 15.000 12l 17500 No 
17BP40 Yes 6.3/600 .G 70 M 18 19.562 12N 17500 No 
17COP4 Yes 8.4/450 .G 110 E 10 12.812 8HR 17500 No 
17CFP4 Yes 6.3/600 .G 90 E 10 15.375 12l 17500 No 
17CP4 No 6.3/600 • M" 70 M 10 19.000 120 17500 Yes 
17CSP4 Yes 6.3/600 .G 110 E 10 12.625 7FA 17500 No 
17CYP4 Yes 6.3/600 .G 90 E 10 14.375 12l 17500 No 
170AP4 Yes 2.68/450 .G 110 E 10 10.875 8JK 17500 No 
170KP4 Yes 6.3/600 .G 110 E 10 10.938 8JR 23000 No 
17DQP4' Yes 6.3/450 .G 110 E 10 12.375 7FA 17500 No 
170RP4' Yes 2.68/450 .G 110 E 10 11.000 8JK 17500 No 
170SP4 Yes 6.3/600 .G 110 E 10 11.438 8HR 20000 No 
170XP4 Yes 6.30/450 .G 110 E 10 10.938 8JR 17500 No 
t1EFP4 Yes 6.30/450 .G 110 E 10 11.438 8HR 20000 No 
17HP4C Yes 6.3/600 .G 70 E 18 19.562 12l 17500 No 
11LP48 Yes 6.3/600 • G" 70 E 19 19.562 12l 17500 No 
17QP48 Yes 6.3/600 • G" 70 M 19 19.562 12N 20000 No 
17TP4 No 6.3/600 • Mk 70 E 10 19.312 12M 17500 Yes 
19ABP4 Yes 2.68/450 .G 114 E 14 11.125 8JK 20000 No 
19AHP4 Yes 6.3/450 .G 114 E 13.5 11.625 8HR 17500 No 
19AJP4' Yes 6.3/450 .G 114 E 14 11.625 7FA 20000 No 
19AUP4 Yes 6.3/600 • GJ' 114 E 18.5 11.938 8HR 20000 No 
19AVP4 Yes 6.3/600 .G 114 E 14 11.625 8HR 23000 No 
• BaSing diagrams for RCA picture tubes are shown 1111 page 493. 



496 RCA RECEIVING TUBE MANUAL 

RCA PICTURE TUBE CHARACTERISTICS CHART (Cont'd) 
Greatest 

Deflection Approx. Maximum Design PM 
Angleb Tube Over·.11 Maximum lon-Trap 

RCA Aluminized Heater (Approx.) Focusing Weight Length AnDde- Mlgnet 
Typ. Screel Valts/mA Envele .. - Degrees Met)lod Pounds Inches Basing" Volts Required 

Silverama Types for Black-and-White TV 
19AYP4 Yes 6.3/450 .G 114 E 14 11.625 8HR 23000 No 
19BDP4' Yes 6.3/600 .G 92 E 15 15.625 12l 20000 No 
19BTP4 Yes 6.3/600 .G 114 E 14 11.062 8JR 23000 No 
19CHP4' Yes 6.3/600 .G 114 E 14 11.875 SHR 20000 No 
19CMP4' Yes 6.3/450 .G 114 E 14 I1.S75 SHR 20000 No 
19CXP4' Yes 6.3/600 .G 114 E 14 11.875 7FA 20000 No 
19DAP4 Yes 6.3/450 • Gqk 114 E 15.5 11.875 SHR 23000 No 
19DQP4 Yes 6.3/450 • Gm 114 E 15 11.875 8HR 23000 No 
19DRP4 Yes 6.3/600 • Gm 114 E 15 11.875 SHR 23000 No 
19D5P4' Yes 6.3/600 • G"' 114 E 15 11.875 SHR 20000 No 
19EBP4 Yes 6.3/600 • G" 114 E 16 11.875 8HR 23000 No 
19EGP4' Yes 6.3/450 • G" 114 E 16 11.875 SHR 21000 No 
19ENP4A Yes 6.3/450 • Gm 114 E 15 11.875 SHR 21000 No 
19FEP4B' Yes 6.3/450 • Gm 114 E 15 11.875 SHR 23500 No 
20DP4D Yes 6.3/600 .G 70 M 30 22.125 12N 20000 No 
20HP4E Yes 6.3/600 .G 70 E- 30 22.125 12l 17500 No 
21AMP4B Yes 6.3/600 .G 90 M 24 20.375 12N 20000 No 
21 AVP4C Yes 6.3/600 .G 72 E 24 23.406 12l 22000 No 
21 AWP4A Yes 6.3/600 .G 72 M 24 23.406 12N 20000 No 
21CBP4A Yes 6.3/600 .G 90 E 24 IS.375 12L 22000 No 
21CQP4 Yes 6.3/600 .G 110 E 20 14.S12 7FA 20000 No 
21DEP4A Yes 6.3/600 .G 110 E 20 15.000 SHR 22000 No 
21DFP4 Yes 6.3/600 .G 110 E 23 14.750 8HR 20000 No 
21DHP4 Yes 6.3/450 .G 110 E 20 15.000 SHR 20000 No 
21 DlP4 Yes 6.3/600 .G 90 E 24 17.375 12l 22000 No 
21 DSP4' Yes 6.3/600 .G 90 E 24 18.375 12L 22000 No 
21 EP4C Yes 6.3/600 

• Gh 70 M 29 23.406 12N 20000 No 
21EQP4 Yes 6.3/600 .G 110 E 23 12.875 8JR 20000 No 
21FAP4 Yes 6.3/600 .G 110 E 20 13.125 SJR 22000 No 
21FDP4 Yes 6.3/600 .G 110 E 20 13.375 8KW 20000 No 
21FP4D Yes 6.3/600 • G" 70 E 29 23.406 12l 20000 No 
21FVP4 Yes 6.3/450 • G"' 114 E 19 12.937 BHR 23000 No 
21MP4 No 6.3/600 .M 70 E IS 22.625 12M 17500 Yes 
21WP4B Yes 6.3/600 .G 70 M 24 22.B12 12N 20000 No 
21XP4B Yes 6.3/600 .G 70 E 24 22.S12 12l 20000 No 
21YP4B Yes 6.3/600 .G 70 E 24 23.406 12l 20000 No 
21lP4C Yes 6.3/600 •. G 70 M 24 23.406 12N 20000 No 
23AHP4 Yes 6.3/600 .G 92 E 27 18.375 12l 22000 No 
23ARP4 Yes 6.3/600 .G 110 E 25 15.156 BHR 22000 No 
23ASP4 Yes 6.3/600 .G 92 E 27 17.375 12l 22000 No 
23BGP4' Yes 6.3/600 • GJ 110 E 33 15.562 SHR 22000 No 
23BJP4' Yes 6.3/600 .G 92 E 27 18.500 12l 25000 No 
23BLP4' Yes 6.3/600 • GJt 92 E 35 IB.875 12l 25000 No 
23BQP4 Yes 6.3/450 • GI 110 E 33 15.562 8HR 23000 No 
23CBP4 Yes 6.3/450 • GI" 110 E 33 15.562 8HR 23000 No 
23CGP4 Yes 6.3/450 .G 92 E 27 IS.375 12l 22000 No 

* Basinl dialrams for RCA picture tubes are shown on pale 493. 
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RCA PICTURE TUBE CHARACTERISTICS CHART (Cont'd) 
Greatest 

Dellection A,prli. Mallmum Design PM 
Angle" TU~I Ower-III MaximulII lon-Tr., 

ItCA Alaminlle. Heater (Approl.) Foclslng Weight Length Anode' Mlgnet 
Type Screen Volts/iliA Ennlo,,· Degrees Method Pounds Inches Basing" Volls Require. 

Silverama Types for Black-and-White TV 
23CP4 Yes 6.3/600 • G' 110 E 33 15.562 SHR 22000 No 
23CQP4 Yes 6.3/450 .G 114 E 24 14.062 8HR 23500 No 
23DAP4' Yes 6.3/600 .G 94 E 27 17.391 SHR 23000 No 
23DBP4' Yes 6.3/600 .G 110 E 25 15.156 SHR 22000 No 
23EKP4 Yes 6.3/450 • Gm 92 E 29 lS.375 12l 25000 No 
23ENP4' Yes 6.3/600 • Gm 92 E 29 lS.500 12l 25000 No 
23EP4' Yes 6.3/600 • GI 110 E 33 15.562 SKP 22000 No 
23EQP4 Yes 6.3/450 • Gm 114 E 2S 14.812 8HR 23000 No 
23ETP4 Yes 6.3/600 • Gm 110 E 28 15.156 SHR 23000 No 
23FBP4' Yes 6.3/600 • Gkm 92 E 29 lS.500 12l 25000 No 
23FP4A Yes 6.3/600 .G 114 E 24 14.062 8HR 23500 No 
23FRP4' Yes 6.3/450 • G" 110 E 29 14.531 8HR 23000 No 
23FSP4 Yes 6.3/600 • G" 110 E 29 15.156 8HR 23000 No 
23GJP4A Yes 6.3/450 • Gm 110 E 28 14.531 8HR 23000 No 
23HFP4A Yes 6.3/450 • Gm 110 E 28 15.156 8HR 23000 No 
23HUP4A' Yes 6.3/450 • Gm 110 E 28 14.656 8HR 23500 No 
231P4' Yes 6.3/450 • G! 110 E 33 15.875 7FA 22000 No 
23NP4' Yes 6.3/600 .G 114 E 24 14.812 8HR 22000 No 
23YP4 Yes 6.3/600 • GI 92 E 35 18.750 12l 22000 No 
24AEP4 Yes 6.3/600 .G 90 E 32.5 19.500 12l 22000 No 
24AHP4 Yes 6.3/600 .G 110 E 26.5 16.188 8HR 22000 No 
24ATP4' Yes 6.3/600 .G 90 E 32.5 19.500 12l 22000 No 
24AUP4 Yes 6.3/600 .G 90 E 32.5 18.500 12l 22000 No 
24BAP4' Yes 6.3/600 .G 110 E 26.5 16.188 8HR 22000 No 
24BEP4 Yes 6.3/600 .G 110 E 26.5 15.125 8KW 20000 No 
24CP4B Ye~ 6.3/600 .G 90 M 32.5 21.500 12N 22000 No 
27MP4 Yes 6.3/600 .M 90 M 30 22.188 120 20000 Yes 
27RP4A Yes 6.3/600 .G 90 M 44 23.438 12N 22000 No 

Color Picture Tubes 
15GP22n Yes 6.3/1800' • G 45 E 25 26.125 20A 22000 No 
19EXPZZ' Yes 6.3/S00· .G 90 E 21 18.231 14BE 27500 No 
19EYP22' Yes 6.3/800' • Gqk 90 E 24 18.423 14BE 27500 No 
21 AXP22A Yes 6.3/1800' • M 70 E 28 25.312 14AH 27500 No 
21CYP22A Yes 6.3/1800' • G 70 E 36.5 25.406 14Al 27500 No 
21FBP2Z Yes 6.3/1800' • G 70 E 36.5 25.406 14AU 27500 No 
21FBP2ZA' Yes 6.3/1800 • G 70 E 36.5 25.406 14AU 27500 No 
21FJP2Z Yes 6.3/1800' • Gkof' 70 E 41 25.594 14AU 27500 No 
ZlFIPZ2A' Yes 6.3/1800 • Gr'ft 70 E 41 25.594 14AU 27500 No 
25AP22A' Yes 6.3/800' • Gk • 90 E 42 21.299 14BE 27500 No 
25BP22A' Yes 6.3/800' .G 90 E 37 21.107 14BE 27500 No 

Test Picture Tubes 
5AXP4 No 6.3/600 .G 53 E' 1.5 11.000 12S 20000 No 
8XP4 Yes 6.3/600 .G 90 E' 3 11.750 12S 22000 No 
8YP4 Yes 6.3/600 .G 110 E' 2 9.000 7FG 22000 No 
1828P22" Yes 6.3/1800' • G 70 E 36.5 25.406 14AU 27500 No 
* Basin, dia,rams for RCA picture tubes a~e shown on page 493. 
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RCA VOLTAGE-REGULATOR 
AND VOLTAGE-REFERENCE TUBES 

These tubes are dfjsigned for voltage-regulation requiring a t'elatively constant 
dc output voltage across a load independent of load and line-voltage variati?ns. 

DC 
Operating Ambient Max 

DC Oper· Current Anode Anode Rega- Operating Max Diam-
RCA ating Range Starting Starting lation Temperature Length eter Diagram 
Type Volts mA Volts (mA) Volts Range ('C) (In) (in) Terminal 

VOLTAGE-REGULATOR TUBES t 

OA2 150 5 to 30 185 75 6 -55 to +90 2-5/8 3/4 5BO 
OA3 75 5 to 40 105 100 6.5 -55 to +90 4-1/8 1-9/16 4AJ 
OA3A 75 5 to 40 105 100 6.5 -55 to +90 3-1/16 1-9/32 4AJ 
082 105 5 to 30 133 75 4 -55 to +90 2-5/8 3/4 5BO 
OC2 . 75 5 to 30 115 75 4.5 -55 to +90 2-5/8 .3/4 5BO 
OC3 105 5 to 40 133 100 4 -55 to +90 4-1/8 1-9/16 4AJ 
OC3A 105 5 to 40 127 100 4 -55 to +90 3-1/16 1-9/32 4AJ 
003 150 5 to 40 185 100 5.5 -55 to +90 4-1/8 1-9/16 4AJ 
003A 150 5 to 40 180 100 5.5 -55 to +90 3-1/16 1-9/32 4AJ 
991 59 0.4 to 2 87 8. 1-9/16 5/8 * 

6073 150 5 to 30 185 75 6 . -55 to +90 2-5/8 3/4 5BO 
6073/0A2 150 5 to 30 185 75 6 -55 to +90 2-5/8 3/4 5BO 
6074 105 5 to 30 133 75 4 -55 to +90 2-5/8 3/4 5BO 
6074/082 105 5 to 30 133 75 4 -55 to +90 2-5/8 3/4 5BO 
&&26/0A2WA 150 5 to 30 165 75 5 -55 to +90 2-5/8 3/4 5BO 

VOLTAGE-REFERENCE TUBESt 
(for exceptional Yoltage stability) 

5651 87 1.5 to 3.5 115 3 -55 to +90 2-1/8 3/4 5BO 
5651A 85.5 1.5 to 3.5 115 3 -55 to +90 2-1/8 3/4 5BO 

SERIES-VOLTAGE-REGULATOR TUBES ** 
(for bigh-curreAt applications) 

DC DC Plate Dis- Ampli- Plate Re- Max Max 
RCA Heater Heater Plate Plate slpation fication sistaJiee Length Diameter Terminal 
Type Volts Amperes Volts Amperes (watts) Factlr (ohms) (in) (in) Diagram 

&33&A 6.3 2.5 250 0.125 13 Z 280 4-5/8 1-9/16 8BO 
BAS7G 6.3 2.5 250 0.125 13 2 280 4-1/6 1-23/32 8BO 
6080 26.5 0.6 250 0.125 13 2 280 4-1/6 1-23/32 8BO 
&082 6.3 5 400 0.4 30 2.7 280 4-3/4 2.07 8BO 
•• Indirectly-heated.cathode, vacuum, low-mu tWin triodes. • Candelabra two-contact socket. 
t Cold-cathode, glow-discharge types. 
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~ ~ 
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I-Glass Envelope 

2-lnternal Shield 

3-Plate 

4-Grid No.3 (Suppressor) 

5-Grid No.2 (Screen) 

6-Grid No. t (Control Grid) 

7-Cathode 

8-Heater 

·9-Exhaust Tip 

to-Getter 

It-Spacer Shield Header 

12-lnsulating Spacer 

13-Spacer Shield 

14-lnter-Pin Shield 

15-Glass Button-Stem Seal 

16-Lead Wire 

17-Base Pin 

18-Glass-to-Metal Seal 

Structure of a Miniature Tube 

499 
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Electron Tube 
Testing 

T HE el~ctron-tube user-service rn.an, 
experImenter, or non-techmcal 

radio listener-is interested in knowing 
the condition of his tubes, since they 
govern the performance of the device in 
which they are used. In order to deter­
mine the condition of a tube, some 
method of test is necessary. Because the 
operating capabilities and design fea­
tures of a tube are indicated and de­
scribed by its electrical characteristics, 
a tube is tested by measuring its charac­
teristics and comparing them with val­
ues established as standard for that type. 
Tubes which read abnormally high with 
respect to the standard for the type are 
subject to criticism just the same as 
tubes which are too low. 

Certain practical limitations are 
placed on the accuracy with which a 
tube test can be correlated with actual 
tube performance. These limitations 
make it impractical for the service man 
and dealer to employ complex and 
costly testing equipment having labora­
tory accuracy. Because the accuracy of 
the tube-testing device need be no 
greater than the accuracy of the correla­
tion between test results and receiver 
performance, and since certain funda­
mental characteristics are virtually fixed 
by the manufacturing technique of lead­
ing tube manufacturers, it is possible to 
employ a relatively simple test in order 
to determine the serviceability of a tube. 

In view of these factors, dealers 
and service men will find it econom­
ically expedient to obtain adequate 
accuracy and simplicity of operation by 
employing a device which indicates the 
status of a single characteristic. Whether 
the tube is satisfactory or Unsatisfactory 
is judged from the test result of this 
single characteristic. Consequently, it is 

very desirable that the characteristic se­
lected for the test be one which is truly 
representative of the tube's over-all con­
dition. 

The following information and cir­
cuits are given to describe and illustrate 
general theoretical and practical tube­
tester considerations and not to provide 
information on the construction of a 
home-made tube tester. In addition to 
the problem of determining what tube 
characteristic is most representative of 
performance capabilities in all types of 
receivers, the designer of a home-made 
tester faces the difficult problem of de­
termining satisfactory limits for his par­
ticular tester. Getting information of 
this nature, if it is to be accurate and 
useful, is a big job. It requires the test­
ing of many tubes of each type, testing 
of many types, and correlation of the 
data with performance in many kinds 
of equipment. 

Short-Circuit Test 
The fundamental circuit of a short­

circuit tester is shown in Fig. 129. Al­
though this circuit is suitable for tet-

Fig. 129--Fundamental circuit 0/ a short­
circuit tester. 
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rodes and types having less than four 
electrodes, tubes of more electrodes may 
be tested by adding more indicator 
lamps to the circuit. Voltages are ap­
plied between the various electrodes 
with lamps in series with the electrode 
leads. The value of the voltages applied 
will depend on the type of tube being 
tested and its maximum ratinw;. Any 
two shorted electrodes complete a cir­
cuit and light one or more lamps. Since 
two electrodes may be just touching to 
give a high-resistance short, it is de­
sirable that the indicating lamps operate 
on very low current. It is also desirable 
to maintain the filament or heater of the 
tube at its operating temperature during 
the short-circuit test, because short­
circuits in a tube may sometimes occur 
only when the electrodes are heated. 
However, a short-circuit tester having 
too high a sensitivity may indicate very­
high-resistance shorts that do not ad­
versely affect tube operation. 

Selection of a Suitable 
Characteristic for Test 

Some characteristics of a tube are 
far more important in determining its 
operating worth than are others. The 
cost of building a device to measure 
anyone of the more important charac­
teristics may be considerably higher 
than that of a device which measures a 
less representative characteristic. Conse­
quently, three methods of test will be 
discussed, ranging from relatively sim, 
pIe and inexpensive equipment to more 
elaborate, more accurate, and more 
costly devices. 

An emission test is perhaps the 
simplest method of indicating a tube's 
condition. (Refer to Diodes, in Elec­
trons, Electrodes, and Electron Tubes 
section, for a discussion of elec­
tron emission.) Since emission falls 
off as the tube wears out, low emis­
sion is indicative of the end of tube 
serviceability. However, the emission 
test is subject to limitations because 
it tests the tube under static conditions 
and does not take into account the ac­
tual operation of the tube. On the one 
hand, coated filaments, or cathodes, 
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often develop active spots from which 
the emission is so great that the rela­
tively small grid area adjacent to these 
spots cannot control the electron stream. 
Under these conditions, the total emis­
sion may indicate the tube to be normal 
although the tube is unsatisfactory. On 
the other hand, coated types of fila­
ments are capable of such large emis­
sion that the tube will often operate 
satisfactorily after the emission has 
fallen far below the original value. 

Fig. 130 shows the fundamental 
circuit diagram for an emission test. All 
of the electrodes of the tube, except the 
cathode, are connected to the plate. The 
filament, or heater, is operated at rated 
voltage; after the tube has reached con-

Fig. 130-Fundamental circuit of (Ill 

emission tester 

stant temperature, a low positive volt­
age is applied to the plate and the 
electron emission is read on the meter. 
Readings which are well below the 
average for a particular tube type in­
dicate that the total number of available 
electrons has been so reduced that the 
tube is no longer able to function 
properly. 

A transconductance test takes, into 
account a fundamental operating prin­
ciple of the tube. (This fact will be seen 
from the definition of transconductance 
in the Section on Electron Tube Char­
acteristics.) It follows that transcon­
ductance tests, when properly made, 
permit better correlation between test 
results and actual performance than 
does a straight emission test. 

There are two forms of transcon­
ductance test which can be utilized in a 
tube tester. In the first form (illustrated 
by Fig. 131 giving a fundamental circuit 
with a tetrode under test), appropriate 
operating voltages are applied to the 
electrodes of the tube. A plate current 
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depending upon the electrode voltages 
will then be indicated by the meter. If 
the bias on the grid is then shifted by 
the application of a different grid volt­
age, a new plate-current reading is ob­
tained. The difference between the two 
plate-current readings is indicative of 
the transconductance of the tube. This 

Fig. 131~Fundamental circuit of a trans­
conductance tester using the "grid-shift" 

method. 

method of transconductance testing is 
commonly called. the "grid-shift" meth­
od, and depends on readings under static 
conditions. The fact that this form of 
test is made under static conditions im­
poses limitations not encountered in the 
second form of test made under dy­
namic conditions. 

The dynamic transconductance test 
illustrated in Fig. 132 gives a funda­
mental circuit with a tetrode under test. 
This method is superior to the static 
transconductance test in that ac voltage 

Fig. 132-Fundamental circuit ola 
dynamic transconductance tester. 

is applied to the grid. Thus, the tube is 
tested under conditions which approxi­
mate actual operating conditions. The 
alternating component of the plate cur-

RCA RECEIVING TUBE MANUAL 

rent is read by means of an ac ammeter 
of the dynamometer type. The trans­
conductance of the. tube is equal to the 
ac plate current divided by the input­
signal voltage. If a one-volt rms signal 
is applied to the grid, the plate-current­
meter reading in milliamperes multiplied 
by one thousand is the value of trans­
conductance in micromhos. 

The power-output test probably 
gives the best correlation between test 
results and actual operating perform­
ance of a tube. In the case of voltage 
amplifiers, the power output is indica­
tive of the amplification and output 
voltages obtainable from the tube. In 
the case of power-output tubes, the per­
formance of the tube is closely checked. 
Consequently, although more compli­
cated to set up, the power-output test 
will give closer correlation with actual 
performance than any other single test. 

Fig. 133 shows the fundamental 
circuit of a power-output test for class 
A operation of tubes. The diagram illus­
trates the method for a pentode. The ac 
output voltage developed across the 

INgl1 

Fig. 133-Fundamental circuit of a power­
output tester lor class A operation of tubes. 

plate-load impedance (L) is indicated by 
the current meter. The current meter is 
isolated as far as the dc plate current is 
concerned by the capacitor (C). The 
power output can be calculated from 
the current reading and known load 
resistance. In this way, it is possible to 
determine the operating condition of the 
tube quite accurately. 

Fig. 134 shows the fundamental 
circuit of a power-output test for class 
B operation of tubes. With ac voltage 
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applied to the grid of the· tube, the 
current in the plate circuit is read on 
a dc milliammeter. The power output 

. of the tube is approximately equal to: 

(Ib" X R,.) /0.405, 

where Po is the power output in watts, 
T. is the dc current in amperes, and RL 
is the load resistance in ohms. 

~ 
IN~ 

_ i'I"'. 
Pig. 134-Fundamental circuit of a power­
output tester for class B operation of tubes. 

Essential Tube-Tester 
Requirements 

t. The tester should provide for 
making a short-circuit test before meas­
urement of the tube's characteristics. 

2. It is important that some means 
of controlling the voltages applied to the 
electrodes of the tube be provided. If 
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the tester is ac operated, a line-voltage 
control permits the supply of proper 
electrode voltages. 

3. It is essential that the rated volt­
age applied to the filament or heater be 
maintained accurately. 

4. It is suggested that the char­
acteristics test follow one of the meth­
ods described. The method selected and 
the quality of the parts used in the test 
will depend upon the user's require­
ment~. 

Tube~Tester Limitations 

A tube-testing device can only indi­
cate the difference between a given 
tube's characteristics and those which 
are standard for that particular type. 
Since the operating conditions imposed 
upon a tube of a given type may vary 
within wide limits. it is impossible for 
a tube-testing device to evaluate tubes 
in terms of performance capabilities 
for all applications. The tube tester, 
therefore, cannot be looked upon as a 
final authority in determining whether 
or not a tube is always satisfactory. 
Actual operating test in the equipment 
in which the tube is to be used· will 
give the best possible indication of a 
tube's worth. 
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Resistance-Coupled 
Amplifiers 

RESISTANCE-COUPLED, audio­
frequency voltage amplifiers utilize 

simple components and are capable of 
providing essentially uniform amplifica­
tion over a relatively wide frequency 
range. 

Suitable Tubes 
In this section, data are given for 

over 45 types of tubes suitable for use 
in resistance-coupled circuits. These 
types include low- and high-mu triodes, 
twin triodes, triode-connected pentodes, 
and pentodes. The accompanying key 
to tube types will assist in locating the 
appropriate data chart. 

Circuit Advantages 
For most of the types shown, the 

data pertain to operation with cathode 
bias; for all of the pentodes, the data 
pertain to operation with series screen­
grid resistor. The use of a cathode-bias 
resistor where feasible and a series 
screen-grid resistor where applicable 
offers several advantages over fixed­
voltage operation. 

The advantages are: (1) effects of 
possible tube differences are minimized; 
(2) operation over a wide range of plate­
supply voltages without appreciable 
change in gain is feasible; (3) the low 
frequency at which the amplifier cuts 
off is easily changed; and (4) tendency 
toward motorboating is minimized. 

Number of Stages 
These advantages can be enhanced 

by th~ addition of suitable decoupling 
filters in the plate supply of each stage 
of a multi-stage amplifier. With proper 
filters, three or more amplifier stages 
can be operated from a single power­
supply unit of conventional design with-

Type Chart No. Type Chart No. 

3AU6 2 6CG7 8 
3AV6 9 6CN7 5 
3BC5/ 6EU7 9 
3CE5 11 6FQ7/ 
3CB6 10 6CG7 8 
3CF6 11 6SL7GT 5 

4AU6 2 6SN7GTB 8 
4BQ7A 10 6T8A 5 
4BZ7 10 7AU7 3 
4CB6 11 8FQ7/ 
SBK7A 10 8CG7 8 

5BQ7A 
5T8 
6AB4 
6AG5 
6AT6 

6AU6A 
6AV6 
6BC5 
6BK7B 
6BQ7A 

6BZ7 
6C4 
6CB6 
6CB6A 
6CF6 

10 12AT6 5 
5 12AT7 4 
4 12AU6 2 

llJ2AU7A 3 
5 12AV6 9 

2 12AX7A 9 
9 12AY7 1 

11 12SL7GT 5 
10 12SN7GTA 8 
10 20EZ7 9 

10 5879P 6 
3 5879T 7 

11 7025 9 
11 7199P 12 
11 7199T 13 

T == Triode Unit or Triode Connection 
P = Pentode Unit or Pentode Connection 

KEY TO CHARTS 
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out encountering any difficulties due to 
coupling through the power unit. When 
decoupling filters are not used, not 
more than two stages should be op­
erated from a single power-supply unit. 

Symbols Used in Resistance-
Coupled Amplifier Charts 

C = Blocking Capacitor (/Lf). 
C. = Cathode Bypass Capacitor (/Lf). 
C.. = Screen-Grid Bypass Capacitor 

~f). 
Ebb = Plate-Supply Voltage (volts). 

Voltage at plate equals plate­
supply voltage minus drop in Rp 
and R •. 

R. = Cathode Resistor (ohms). 
RIO = Screen-Grid Resistor 

(megohms). 
Rg = Grid Resistor (megohms) for 

following stage. 
Rp = Plate Resistor (megohms). 
V.G. = Voltage Gain. 
Eo = Output Voltage (peak volts). 

This voltage is obtained across 
Rg (for following stage) at any 
frequency within the flat region 
of the output vs. frequency 
curve, and is for the condition 
where the signal level is ade­
quate to swing the grid of 
the resistance-coupled amplifier 
tube to the point where its grid 
starts to draw current. 

Note: The listed values for Eo are the peak 
output voltages available when the grid is 
driven from a low-impedance source. The 
listed values for the cathode resistors are op­
timum for any signal source. With a high­
impedance source, protection against severe 
distortion and loss of gain due to input load­
ing may be obtained by the use of a coupling 
capacitor connected directly to the input grid 
and a high-value resistor connected between 
the grid and ground. 

General Circuit Considerations 
In the discussions which follow, 

the frequency (f.) is that value at which 
the high-frequency response begins to 
fall off. The frequency (f,) is that value 
at wl)ich the low-frequency response 
drops below a satisfactory value, as 
discussed below: A variation' of 10 per 
cent in values of resistors and capaci­
tors has only slight effect on perform-

ance. One-half-watt resistors are usually 
suitable for R.2, Rg , Rp, and R. resistors. 
Capacitors C and C.. should have a 
working voltage equal to or greater 
than Ebb. Capacitor C. may have a low 
working voltage in the order of 10 to 
25 volts. 

Triode Amplifier 
Heater-Cathode Type 

Capacitors C and C. have been 
chosen to give an output voltage equal 
to 0.8 Eo for a frequency (f,) of 100 
cycles. For any other value of L, multi­
ply values of C and C. by JOO/f,. In 

Diagram No.1 

the case of capacitor C., the .values 
shown in me chiUts are for an amplifier 
with dc heater excitation; when ac is 
used, depending on the character of the 
associated . circuit, the gain, and the, 
value of f1' it may be necessary to .in­
crease the value of C. to minimize 
hum disturbances. It may be desirable 
to operate the heater at a positive volt­
age of from 15 to 40 volts with respect 
to the cathode. The voltage output at 
f, of un" like stages equals (0.8)n X Eo, 
where Eo is the peak output voltage of 
final stage. For an. amplifier of typical 
construction, the value of f. is well 
above the audio-frequency range for any 
value of R •• 
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Pentode Amplifier 
Heater-Cathode Type 

Capacitors C, Ck; and C"" have 
been chosen to give an output voltage 
equal to 0.7 X Eo for a frequency (ft ) 

of 100 cycles. For any other value of 
fl' multiply values of C, C., and C"" 
by 100/f,. In the case of capacitor Ct , 

the values shown in the charts are for 

c 

-=- Ebb-=-

CD 
12AY7· 
See Circuit 
Diagram 1 

Diagram No. 2 

Ebb R. 

0.1 
9D 0.24 

0.51 

0.1 
188 0.24 

0.51 

0.1 
3DD 0.24 

0.51 

Rg 

0.24 
0.51 
1.0 

0.24 
0.51 
1.0 

0.24 
0.51 
1.0 

• One triode unit. * Peak volts • 

R"" 

---
---
---

RCA RECEIVING TUBE MANUAL 

an amplifier with dc heater e~citation; 
when ac is used, depending on the 
character of the associat¢d circuits, the 
voltage gain, and the value of f" . it 
may be necessary to ·increase the value 
of C. to minimize hum disturbances. 
It may be desirable to· operate the 
heater at a positive voltage of from 
15 to 40 volts. with respect to the 
cathode. The voltage output at f, for 
"n" like stages equals (0.7)n X Eo where 
Eo is peak output voltage of final stage. 
For an amplifier of typical construc­
tion, and for R. values of 0.1, 0.25, 

. and 0.5 megohm, approximate values 
of f. are 20000, 10000, and 5000 cycles 
per second, respectively. 

Rk C"" C. C E.* V.II. 

.1800 - - - 13 24 
3700 - - - 14 26 
7800 - - - 16 27 

1300 - - - 31 27 
2800 - - - 33 29 
5700 - - - 33 30 

1200 - - - 58 28 
2300 - - - 30 30 
4800 - - - 56 31 

.. Coupling capacitors should be selected to give desired frequency response. Cathode resistors 
should be adequately bypassed. 
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Ebb Rp R. R •• Rk Ce• 

0.22 0.22 0.340 2700 0.057 
0.22 0.47 0.370 2900 0.050 
0.22 1.0 0.380 3100 0.050 
0.47 0.47 1.00 6000 0.027 

90 0.47 1.0 1.00 6200 0.023 
0.47 2.2 1.00 6300 0.027 
1.0 1.0 1.90 10800 0.017 
1.0 2.2 2.40 13100 0.017 

0.22 0.22 0.520 1340 0.059 
0.22 0.47 0.520 1390 0.059 
0.22 1.0 0.520 1420 0.059 
0.47 0.47 1.05 2700 0.039 

180 0.47 1.0 1.15 2880 0.037 
0.47 2.2 1.20 2960 0.036 
1.0 1.0 2.40 5500 0.028 
1.0 2.2 2.70 6000 0.022 

0.22 0.22 0.530 780 0.077 
0.22 0.47 0.540 783 0.077 
0.22 1.0 0.540 800 0.077 
0.47 0.47 1.15 1590 0.057 

300 0.47 1.0 1.22 1650 0.049 
0.47 2.2 1.31 1720 0.045 
1.0 1.0 2.50 3300 0.036 
1.0 2.2 2.80 3500 0.031 

0.047 0.047 - 1600 -
0.047 0.1 - 1800 -
0.047 0.22 - 2000 -
0.1 0.1 - 3000 -

90 0.1 0.22 - 3800 -
0.1 0.47 - 4500 -
0.22 0.22 - 6800 -
0.22 0.47 - 9500 -
0.22 1.0 - 11500 -
0.047 0.047 - 920 -
0.047 0.1 - 1200 -
0.047 0.22 - 1400 -
0.1 0.1 - 2000 -

180 0.1 0.22 - 2800 -
0.1 0.47 - 3600 -
0.22 0.22 - 5300 -
0.22 0.47 - 8300 -0.22 1.0 - 10000 -
0.047 0.047 - 870 -
0.047 0.1 - 1200 -
0.047 0.22 - 1500 -
0.1 0.1 - 1900 -

300 0.1 0.22 - 3000 -
0.1 0.47 - 4000 -
0.22 0.22 - 5300 -
0.22 0.47 - 8800 -
0.22 1.0 - 11000 -

• One triode unit. • Peak volts. 

Ck C 

5.8 0.0081 
5.4 0.0055 
5.3 0.0034 
2.8 0.0042 
2.7 0.0027 
2.8 0.0019 
1.7 0.0025 
1.7 0.0017 

8.8 0.0081 
8.7 0.0053 
8.6 0.0032 
5.5 0.0041 
5.4 0.0027 
5.4 0.0019 
3.2 0.0023 
2.8 0.0015 

13.2 0.0082 
13.2 0.0053 
13.1 0.0033 
8.4 0.0045 
7.4 0.0027 
7.2 0.0017 
5.3 0.0022 
4.2 0.0015 

3.2 0.061 
2.5 0.033 
2.0 0.015 
1.6 0.032 
1.1 0.015 
1.0 0.007 
0.7 0.015 
0.5 0.0065 
0.43 0.0035 

3.9 0.062 
2.9 0.037 
2.5 0.016 
1.9 0.032 
1.4 0.016 
1.1 0.007 
0.8 0.015 
0.56 0.007 
0.48 0.0035 

4.1 0.065 
3.0 0.034 
2.4 0.016 
1.9 0.032 
1.3 0.016 
1.1 0.007 
0.9 0.015 
0.52 0.007 
0.46 0.0035 

Eo· 

16 
22 
25 
13 
17 
25 
10 
19 

31 
43 
48 
34 
43 
50 
33 
40 

53 
65 
74 
56 
72 
82 
57 
72 

9 
11 
14 
10 
15 
18 
14 
20 
24 

20 
26 
29 
24 
33 
40 
31 
44 
54 

38 
52 
68 
44 
68 
80 
57 
82 
92 

V.B. 

79 
104 
125 
105 
137 
161 
139 
184 

143 
192 
223 
189 
249 
294 
230 
323 

200 
270 
316 
275 
357 
418 
352 
466 

10 
11 
11 
11 
11 
11 
11 
11 
11 

11 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
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3AU6 
4AU6 

6AU6A 
12AU6 

See Circuit 
Diagram 2 

6C4 
7AU7-
9AU7· 

12AU7A-

See Circuit 
Diagram 1 
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GAB4 
12AT7· 

See Circuit 
Diagram 1 

5T8 
GATS 
SCN7 
8CN7 

GSL7GT" 
6TBA 
12AT6 

12SL1GT" 
19TB 

See Circuit 
Diagram 1 

Ebb R. 

0.1 
0.1 
0.1 
0.22 

90 0.22 
0.22 
0.47 
0.47 
0.47 

0.1 
0.1 
0.1 
0.22 

180 0.22 
0.22 
0.47 
0.47 
0.47 

0.1 
0.1 
0.1 
0.22 

300 0.22 
0.22 
0.47 
0.47 

I 0.47 

0.1 
0.1 
0.1 
0.22 

90 0.22 
0.22 
0.41 
0.41 
0.47 

0.1 
0.1 
0.1 
0.22 

180 0.22 
0.22 
0.47 
0.47 
0.47 

0.1 
0.1 
0.1 
0.22 

300 0.22 
0.22 
0.41 
0.47 
0.47 

• One tnode urut. 

Rg 

0.1 
0.22 
0.47 
0.22 
0.47 
1.0 
0.47 
1.0 
2.2 

0.1 
0.22 
0.47 
0.22 
0.47 
1.0 
0.47 
1.0 
2.2 

0.1 
012 
0.47 
0.22 
0.47 
1.0 
0.47 
1.0 
2.2 

0.1 
0.22 
0.47 
0.22 
0.47 
1.0 
0.47 
1.0 
2.2 

0.1 
0.22 
0.47 
0.22 
0.47 
1.0 
0.47 
1.0 
2.2 

0.1 
0.22 
0.47 
0.22 
0.47 
0.1 
0.41 
1.0 
2.2 
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R82 Rt Cg• Ct C E.* Y.G. 

- 2680 - 2.4 0.026 8 24 - 3060 - 2.00 0.014 11 25 - 3390 - 1.84 0.0074 13 28 
- 5500 - 1.33 0.0136 10 25 - 6300 - 1.01 0.0067 14 28 - 6930 - 0.92 0.0038 15 28 - 10900 - 0.63 0.007 13 26 - 12500 - 0.52 0.0043 14 28 - 13500 - 0.47 0.0031 18 28 

- 1407 - 3.6 0.029 20 31 - 1674 - 3.0 0.Q16 28 33 - 1786 - 2.6 0.0083 31 34 
- 2890 - 1.75 0.0140 24 33 
- 3860 - 1.34 0.0077 35 33 - 4660 - 1.14 0.0047 42 33 
- 6960 - 0.83 0.0075 31 31 
- 8450 - 0.67 0.0046 39 32 
- 9600 - 0.55 0.0032 45 32 

- 974 - 4.0 0.028 37 34 
- 1404 - 3.1 0.Q15 57 34 
- 2169 - 2.5 0.0083 78 33 - 2510 - 1.9 0.015 50 33 - 4200 - 1.3 0.0074 78 33 
- 4950 - 1.1 0.0046 85 32 - 5700 - 0.90 0.0076 57 33 
- 8720 - Q.6~ 0.0041 81 32 - 9700 - 0,57 0.0030 88 32 

- 4200 - 2.5 0.025 5.4 22 
- 4600 - 2.2 0.014 7.5 27 - 4800 - 2.0 0.0065 9.1 30 - 7000 - 1.5 0.013 7.3 30 
- 7800 - 1.3 0.001 10 34 - 8100 - 1.1 0.0035 12 31 - 12000 - 0.83 0.006 10 36 
- 14000 - 0.7 0.0035 14 39 - 15000 - 0.6 0.002 16 41 

- 1900 - 3.6 0.027 19 30 
- 2200 - 3.1 0.014 25 35 
- 2500 - 2.8 0.0065 32 31 
- 3400 - 2.2 0.014 24 38 
- 4100 - 1.1 0,0065 34 42 
- 4600 - 1.5 0.0035 38 44 
- 6600 - 1.1 0.0065 29 44 
- 8100 - 0.9 0.0035 38 46 
- 9100 - 0.8 0.002 43 47 

- 1500 - 4.4 0.027 40 34 
- 1800 - 3.6 0.014 54 38 
- 2100 - 3.0 0.0065 63 41 - 2600 - 2.5 0.013 51 42 
- 3200 - 1.9 0.0065 65 46 
- 3700 - 1.6 0.0035 77 48 - 5200 - 1.2 0.006 61 48 
- 6300 - 1.0 0.0035 74 50 
- 7200 - 0.9 0.002 85 51 

• Peak volts. 



RESISTANCE-COUPLED AMPLIFIE~S 

Ebb H" Hg H,. H. eg• 

0.1 0.1 0.35 1700 0.044 
0.1 0.22 0.35 1700 0.046 
0.1 0.47 0.35 1700 0.047 
0.22 0.22 0.80 3000 0.034 

90 0.22 0.47 0.80 3000 0.035 
0.22 1.0 0.80 3000 0.036 
0.47 0.47 1.9 7000 0.021 
0.47 1.0 1.9 7000 0.022 
0.47 2.2 1.9 7000 0.023 

0.1 0.1 0.35 700 0.060 
0.1 0.22 0.35 700 0.062 
0.1 0.47 0.35 700 0.064 
0.22 0.22 0.80 1200 0.045 

180 0.22 0.47 0.80 1200 0.046 
0.22 1.0 0.80 1200 0.048 
0.47 0.47 1.9 2500 0.033 
0.47 1.0 1.9 2500 0.034 
0.47 2.2 1.9 2500 0.035 

0.1 0.1 0.35 300 0.075 
0.1 0.22 0.35 300 0.077 
0.1 0.47 0.35 300 0.080 
0.22 0.22 0.80 600 0.056 

300 0.22 0.47 0.80 600 0.057 
0.22 1.0 0.80 600 0.058 
0.47 0.47 1.3 1200 0.044 
0.47 1.0 1.3 1200 0.046 
0.47 2.2 1.3 1200 0.047 

--
0.047 0.047 - 1800 -
0.047 0.1 - 2100 -
0.047 0.22 - 2200 -
0.1 0.1 - 3200 -

90 0.1 0.22 - 3900 -
0.1 0.47 - 4300 -
0.22 0.22 - 6200 -
0.22 0.47 - 8100 -
022 1.00 - 9000 -
0.047 0.047 - 1200 -
0.047 0.1 - 1600 -
0.047 0.22 - 1800 -
0.1 0.1 - 2200 -

180 0.1 0.22 - 2900 -
0.1 0.47 - 3400 -
0.22 0.22 - 4500 -
022 0.47 - 6400 -
0.22 1.00 - 8200 -
0.047 0.047 - 1100 -
0.047 0.1 - 1500 -0.047 0.22 - 1700 -0.1 0.1 - 2000 -300 0.1 0.22 - 3400 -
0.1 0.47 - 3700 -0.1 0.22 4300 -0.22 0.47 - 7200 -
0.22 1.00 - 7400 -

• Peak \lolts 

e. e 
4.6 0.020 
4.5 0.012 
4.4 0.006 
3.2 0.010 
3.1 0.005 
3.0 0.003 
1.8 0.005 
1.7 0.003 
1.7 0.002 

7.4 0.020 
7.3 0.012 
7.2 0.006 
5.5 0.010 
5.3 0.005 
5.2 0.003 
3.5 0.005 
3.4 0.003 
3.3 0.002 

10.8 0.020 
10.6 0.012 
10.5 0.006 
7.9 0.010 
7.5 0.005 
7.4 0.003 
5.3 0.005 
5.2 0.003 
5.1 0.002 

2.9 0.060 
2.4 0.033 
2.3 0.016 
1.8 0.027 
1.3 0.015 
1.0 0.007 
0.87 0.015 
0.53 0.006 
0.49 0.003 

3.5 0.063 
2.6 0.033 

. 2.4 0.016 
1.9 0.031 
1.35 0.015 
1.1 0.007 
0.92 0.015 
0.61 0.006 
0.52 0.003 

3.9 0.063 
2.8 0.033 
2.5 0.016 
2.1 0.032 
1.4 0.015 
1.1 0.007 
0.97 0.015 
0.63 0.007 
0.63 0.003 

Eo • 

13 
17 
20 
15 
21 
24 
21 
25 
28 

24 
28 
33 
24 
31 
34 
27 
32 
37 

25 
32 
35 
28 
37 
41 
34 
42 
48 

9 
12 
14 
10 
13 
16 
12 
16 
19 

21 
29 
35 
26 
33 
40 
28 
39 
47 

42 
65 
71 
45 
74 
83 
50 
88 
94 

V.G. 

29 
39 
47 
43 
59 
67 
59 
75 
87 

39 
56 
65 
65 
87 

101 
98 

122 
140 

51 
68 
83 
81 

109 
123 
125 
152 
174 

10 
11 
21 
12 
13 
13 
13 
13 
14 

12 
13 
13 
13 
14 
14 
14 
14 
14 

13 
13 
14 
15 
15 
15 
15 
15 
15 
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As Pentode: 

5879 

See Circuit 
Diagram 2 

As Triode: 

5879 

See Circuit 
Diagram 1 



® 

6FQ7/6CG7 
6FQ7 

6SN7GTB· 
8FQ7/8CG7 

8FQ7-
12SN7GTA· 

See Circuit 
Diagram 1 

® 

3AV6 
4AV6 
6AV6 
6EU7· 
12AV6 

12AX7A· 
20EZ7· 
7025· 

See Circuit 
Diagram 1 

RCA RECEIVING TUBE MANUAL . 

Ebb R •• Rg Ig. R. CgO C. C E.* V.B. 

0.047 ·0.047 - lS70 - 3.1 0.063 14 13 
0.047 0.1 - 2230 - 2.5 0.031 18 14 
0.047 0.22 - 2500 - 2.1 0.016 20 14 
0.1 0.1 - 3370 - 1.8 0.034 15 14 

90 0.1 0.22 - 4100 - 1.3 0.015 20 14 
0.1 0.47 - 4800 - 1.1 0.006 23 15 
0.22 0.22 - 7000 - 0.80 0.013 16 14 
0.22 0.47 - 9100 - 0.65 0.007 22 14 
0.22 1.00 - 10500 - 0.60 0.004 25 15 

0.047 0.047 - 1500 - 3.6 0.066 33 14 
0.047 0.1 - 1860 - 2.9 0.055 41 14 

. 0.047 0.22 - 2160 - 2.2 0.015 47 15 
0.1 0.1 - 2750 - 1.8 0.028 35 15 

180 0.1 0.22 - 3550 - 1.4 0.015 45 15 
0.1 0.47 - 4140 - 1.3 0.007 51 16 
0.22 0.22 - 5150 - 1.0 0.016 36 16 
0.22 0.47 - 7000 - 0.71 0.007 45 16 
0.22 1.00 - 7800 - 0.61 0.004 51 16 

0.047 0.047 - 1300 - 3.6 0.061 59 14 
0.047 0.1 - 1580 - 3.0 0.032 73 15 
0.047 0.22 - 1800 - 2.5 0.015 83 16 
0.1 0.1 . - 2500 - 1.9 0.031 68 16 

300 0.1 0.22 - 3130 - 1.4 0.014 82 16 
0.1 0.47 - 3900 - 1.2 0.0065 96 16 
0.22 0.22 - 4800 - 0.95 0.015 68 

16 I 0.22 0.47 - 6500 - 0.69 0.0065 85 16 
0.22 1.00 - 7800 - 0.58 0.0035 96 16 

0.1 0.1 - 4400 - 2.7 0.023 5 29 
0.1 0.22 - 4700 - 2.4 0.013 6 35 
0.1 0.47 - 4800 - 2.3 0.007 8 41 
0.22 0.22 - 7000 - 1.6 0.012 6 39 

90 0.22 0.47 - 7400 - 1.4 0.006 9 45 
0.22 1.0 - 7600 - 1.3 0.003 11 48 
0.47 0.47 - 12000 - 0.9 0.006 9 48 
0.47 1.0 - 13000 - 0.8 0.003 11 52 
0.47 2.2 - 14000 - 0.7 0.002 13 55 

0.1 0.1 - 1800 - 4.0 0.025 . 18 40 
0.1 0.22 - 2000 - 3.5 0.013 25 47 
0.1 0.47 - 2200 - 3.1 0.006 32 52 
0.22 0.22 - 3000 - 2.4 0.012 24 53 

180 0.22 0.47 - 3500 - 2.1 0.006 34 59 
0.22 1.0 - 3900 - 1.8 0.003 39 63 
0.47 0.47 - 5800 - 1.3 0.006 30 62 
0.47 1.0 - 6700 - 1.1 0.003 39 66 
0.47 2.2 - 7401t - 1.0 0.002 45 68 

0.1 0.1 - 1300 - 4.6 0.027 43 45 
0.1 0.22 - 1500 - 4.0 0.013 57 52 
0.1 0.47 - 1100 - 3.6 0.006 66 57 
0.22 0.22 - 2200 - 3.0 0.013 54 59 

300 0.22 0.47 - 2800 - 2.3 0.006 69 65 
0.22 1.0 - 3100 - 2.1 0.003 79 68 
0.47 0.47 - 4300 - 1.6 0.006 62 69 
0.47 1.0 - 5200 - 1.3 0.003 77 73 
0.47 2.2 - 5900 - 1.1 0.002 92 75 

• One trIode UDlt. • Peak· volts. 



RESISTANCE-COUPLED AMPLIFIERS 

Ebb Rp Rg R .. R. Cg. 

0.047 0.047 - 1580 -
0.047 0.10 - 1760 -
0.047 0.22 - 1820 -
0.1 0.1 - 2920 -

90 0.1 0.22 - 3570 -
0.1 0.47 - 4020 -
0.22 0.22 - 6040 -
0.22 0.47 - 7500 -
0.22 1.0 - 8800 -
0.047 0.047 - 694 -
0.047 0.1 - 817 -
0.047 0.22 - 905 -
0.10 0.1 . - 1596 -

180 0.10 0.22 - 1630 -
0.10 0.47 - 1860 -
0.22 0.22 - 3950 -
0.22 0.47 - 4500 -
0.22 1.0 - 5530 -
0.047 0.047 - 438 -
0.047 0.1 - 542 -
0.047 0.22 - 644 -
0.10 0.10 - 1009 -

300 0.10 0.22 - 1332 -
0.10 0.47 - 1609 -
0.22 0.22 - 2623 -
0.22 0.47 - 3900 -
0.22 1.0 - 4920 -
0.22 0.22 0.480 3800 0.046 
0.22 0.47 0.480 3800 0.049 
0.22 1.0 0.500 4400 0.045 
0.47 0.47 1.04 7200 0.033 

90 0.47 1.0 1.04 7700 0.033 
0.47 2.2 1.10 8400 0.031 
1.0 1.0 2.50 16000 0.018 
1.0 2.2 2.50 18600 0.016 

0.22 0.22 0.550 1600 0.072 
0.22 0.47 0.620 1800 0.062 
0.22 1.0 0.650 1900 0.062 
0.47 0.47 1.00 3400 0.059 

180 0.47 1.0 1.00 3500 0.059 
0.47 2.2 1.00 3800 0.059 
1.0 1.0 2.60 7300 0.029 
1.0 2.2 2.60 7400 0.029 

0.22 0.22 0.600 980 0.085 
0.22 0.47 0.680 1090 0.084 
022 1.0 0.700 1150 1l.081 
0.47 0.47 1.25 2000 0.064 

380 0.47 1.0 1.34 2150 0.061 
0.47 2.2 1.53 2350 0.057 
1.0 1.0 2-.60 4000 0.044 
1.0 2.2 3.00 4700 0.038 

• One triode unit. • Peak volts. 

C. C 

4.0 0.058 
3.5 0.032 
3.0 0.015 
2.1 0.029 
1.7 0.015 
1.4 0.0075 
0.98 0.0135 
0.78 0.0075 
0.63 0.0036 

6.0 0.062 
4.4 0.032 
4.0 0.0155 
2.80 0.030 
2.30 0.0152 
2.00 0.0073 
1.24 0.0150 
0.96 0.0072 
0.79 0.0038 

6.70 0.062 
5.50 0.032 
4.30 0.016 
3.5 0.031 
2.5 0.015 
2.1 0.0074 
1.5 0.015 
1.1 0.0073 
0.88 0.0039 

5.5 0.0084 
5.5 0.0054 
5.3 0.0034 
2.9 0.0044 
2.8 0.0029 
2.6 0.0020 
1.4 0.0023 
1.2 0.0017 

9.5 0.0090 
8.5 0.0053 
8.5 0.0034 
6.0 0.0048 
6.0 0.0031 
5.8 0.0020 
2.7 0.0022 
2.7 0.0016 

13.0 0.0085 
12.0 0.0055 
11.0 0.0033 
7.9 0.0045 
7.6 0.0029 
7.1 0.0019 
5.2 0.0023 
4.3 0.0015 

Eo" 

9 
13 
16 
12 
17 
20 
16 
21 
25 

25 
32 
35 
30 
32 
38 
35 
41 
49 

38 
48 
57 
42 
56 
64 
50 
70 
84 

10 
16 
23 
10 
15 
18 
10 
11 

30 
36 
43 
34 
41 
46 
33 
38 

51 
64 
74 
52 
67 
79 
51 
69 

V.D. 

18 
19 
20 
19 
20 
20 
19 
20 
20 

23 
24 
25 
23 
24 
24 
22 
23 
23 

26 
27 
27 
25 
26 
25 
24 
24 
24 

89 
114 
128 
111 
133 
152 
118 
139 

161 
208 
239 
183 
229 
262 
227 
281 

223 
288 
334 
285 
363 
416 
334 
427 
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4BQ7A· 
4BZ7· 

5BK7A· 
5BQ7A· 
6BK7B· 
6BQ7A· 
6BZ7· 

See Circuit 
Diagram 1 

® 
3BC5/3CE5 

3CB6 
3CF6 
4CB6 
6AG5 
6BC5 
6CB6 

6CB6A 
6CF6 

See Circuit 
Diagram 2 
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@ 
7Ul9 

Pentode 
Unit 

See Circuit 
Diagram 2 

@ 
7199 

Triode 
Unit 

See Circuit 
Diagram 1 

Ebb R. 

0.22 
0.22 
0.22 
0.47 

H 0.47 
0.47 
1.0 
1.0 

0.22 
0.22 
0.22 
0.47 

1U 0.47 
0.47 
1.0 
1.0 

0.22 
0.22 
0.22 
0.47 

300 0.47 
0.47 
1.0 
1.0 

0.047 
0.047 
0.047 
0.10 

98 0.10 
0.10 
0.22 
0.22 
0.22 

0.047 
0.047 
0.047 
0.10 

1B8 0.10 
0.10 
0.22 
0.22 
0.22 

0.047 
0.047 
0.047 
0.10 

388 0.10 
0.10 
0.22 
0.22 
0.22 

• Peak volts. 

RK Rga 

0.22 0.560 
0.47 0.600 
1.0 0.640 
0.47 0.870 
1.0 0.980 
2.2 1.00 
1.0 2.00 
2.2 2.20 

0.22 0.530 
0.47 0.600 
1.0 0.650 
0.47 1.12 
1.0 1.40 
2.2 1.57 
1.0 2.50 
2.2 3.40 

0.22 0.600 
0.47 0.670 
1.0 0.720 
0.47 1.25 
1.0 1.43 
2.2 1.45 
1.0 3.00 
2.2 3.30 

0.047 -
0.1 -
0.22 -
0.1 -
0.22 -
0.47 -
0.22 -
0.47 -
1.0 

0.047 -
0.1 -
0.22 -
0.1 -
0.22 -
0.47 -
0.22 -
0.47 -
1.0 -
0.047 -
0.1 -
0.22 -
0.1 -
0.22 -
0.47 -
0.22 -
0.47 -
1.0 -

RCA RECEIVING TUBE MANUAL 

R. Cga C. C E.,* V ••• 

3700 0.046 4.50 0.0090 12 73 
3900 0.043 4.30 0.0055 17 95 
4200 0.039 4.00 0.0033 19 109 
6000 0.036 2.70 0.0046 16 95 
6700 0.044 3.00 0.0030 22 113 
6700 0.043 2.80 0.0020 25 131 

12200 0.021 1.44 0.0028 15 119 
.12800 0.024 1.74 0.0016 21 167 

1570 0.069 7.50 0.0088 32 82 
1730 0.064 7.40 0.0064 38 164 
1820 0.061 7.30 0.0034 45 190 
3200 0.053 5.30 0.0046 35 147 
3500 0.042 5.10 0.0028 40 209 
3740 0.040 5.40 0.0019 45 250 
6500 0.039 .2.80 0.0024 34 179 
7500 0.026 2.30 0.0015 39 277 

9200 0.086 11.2 0.0085 52 182 
10lD 0.076 10.5 0.0052 66 236 
1100 0.076 10.0 0.0033 77 257 
1950 0.060 7.0 0.0044 41 221 
3210 0.053 6.4 0.0027 72 296 
2200 0.055 6.3 0.0019 82 345 
4100 0.040 4.2 0.0022 57 295 
4340 0.037 3.6 0.0016 74 378 

1292 - 3.3 0.060 8 12 
1401 2.8 0.032 10 13 
1470 - 2.4 0.016 II 13 
2630 - 1.60 0.029 9 13 
3090 - 1.24 0.015 12 13 
3440 - 1.10 0.008 14 14 
6550 - 0.70 0.015 12 12 
8270 - 0.51 0.0077 16 12 
9130 - 0.44 0.0045 18 12 

723 - 4.0 0.061 16 14 
836 - 3.5 0.032 20 14 
948 - 2.9 0.016 24 15 

1543 - 2.0 0.031 17 14 
2002 - 1.6 0.016 24 14 
2522 - 1.2 0.0082 30 13 
4390 - 0.79 0.015 24 13 
6122 - 0.57 0.0078 33 12 
8060 - 0.47 0.0046 41 12 

534 - 4.0 0.061 21 15 
726 - 3.6 0.031 38 15 
840 - 3.0 0.015 44 15 

1117 - 2.3 0.031 26 15 
1613 - 1.7 0.0155 41 14 
2043 - 1.31 0.0078 51 14 
3133 - 0.93 0.015 36 13 
4480 - 0.69 0,0079 51 13 
4930 - 0.56 0.0045 55 13 



Outlines 
METAL TYPES 

.400 1 MAX., 

CERAMIC~ff TWELVAR _ ,,~~;;, I 
BASE MAX. ----= I .800 

-i MAX. 

-:i901 
-.l.~~.~ 

-1-

-4-

All measurements in incbes. 

jl~MAX.1 

TT 
I L I-~ 
y l*iz I Cr---l., Ifz 

~t *~ 
--- \SMALL-

1-156 MAX. WAFER 
OCTAL. 

-2-
y X 

2A 2-5/8 2-1/16 
28 3-1/4 2-11/16 

GLASS TYPES 

~~MA~l 

r~ll MtUJjx' 
L SMALL-BUTTON 

MINIATURE 1-PIN 

X 
5A 1-5/8 
58 1-3/4 
5C 2-1/8 
5D 2-5/8 
SE 2-3/8 

-5-
y 

1-3/8 
H/2 
1-7/8 
2-3/8 
2-1/8 

Z 
1 ±.3/32 

1-1/8 ::±:3{32 
1-1/2::':: 3/32 

2 ± 3/32 
1-3/4 ± 3/32 

513 

-3-

~~M~E 

rg,"ll x 2 Y ]J Ujx. 
L SMALL-BUTTON 

MINIATURE 9-PIN 

-6-
X y 

SA 1-3/4 H/2 
68 2-3/16 1-15/16 
6C 2-13/32 2-5/32 
60 2-7116. 2-13/16 
6E 2-S/H 2-3/8 
6F 2_3/4 2-1/2 
6G 3-1/16 2-13/16 6" 3-1/8 2-7/8 
61 2 1-3(4 

&K 2-7/16 2-3/16 

6A 
68 
6C 
60 
tiE 
6F 
fiG 
6" 
6) 
6K 
EL 

i 
1-1/8 ± 3/32 

1-9/16::':: 3/32 
1-25/32 ± 3/32 
1-13/16 ± 3/32 

2 ± 3(32 
2-1/8:±: 3/32 

2-7/16 ± 3/32 
2-1/2:±: 3/32 

1-29/32 
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1J1 
'18 
18 
'Ie 
n: 
if 

lOA 
lOB 
IDe 
100 
IDE 
10F 
tOG 

x y 
2-27/32 2-7/16 ± 1/8 
3-1/16 2-15/32 MAX. 
3-9/32 
3-1/2 

2-17/32 
2-29/32 

X 
2.630 
2.900 
2.930 
3.230 
4.125 
3.110 
3.080 

y 
2.320 
2.620 
2.620 
2.920 
3.750 
2.730 
2.770 

2-7/8 ± 1/8 
3-1/4 MAX. 

2-1/8 ± 1/8 
2-5/8 MAX. 

Z 
1.770-2.010 
2.070-2.310 
2.070-2.310 
2.370-2.610 

RCA RECEIVING TUBE MANUAL 

ll.188 MAX. r-
Tf nJJJ 

X ''1 
X y . 8A 1.875 1.250-1.500 

9A 3.375 2.750-3.000 8B 2.375 1.750-2.000 
98 3.625 3.000-3.250 Be 2.625 2.000-2.250 Ie 4.110 3.766 MA~. 80 2.875 2.250-2.500 

8E J.osa 2.770 MAlt. 

-11- -12.-
II y z 

X y 11A 3.000 2.620 2.100-2.280 
lIB 3.080 2.700 2.050-2.230 12A 2-9/32 1-3/4 
l1C 3.110 2.730 2.210-2.390 12B 2-25/32 2-1/4 
110 3.410 3.010 2.510-2.690 12C 3-5/32 2-5/8 
11E 2.960 2.500 2.060-2.240 

All measurements. In inches. 



OUTLINES 

-13-
X Y % 

13A 2-7/8 2-5/16 1-9/32 
13B 3 2-7/16 1-9/32 
13C 3-1/16 2_1/2 1-9/32 
130 3-5/16 2-3/4 1-5/16 
13E 3-3/8 2-13/16 1-9/32 
13F 3-7/16 2-7/8 1-9/32 
13& 3-13/16 3-1/4 '1-9/32 
13M 4-3/16 3-9/16 !-a/16 

r- Z MAX.::! SMALL 

I -Sf! 
TI2 U X 

\...,.."",.,.......,....-1. "'" 

-16- . 
x Y I 

16A 3.625 3.000-3.250 1.563 
16B 4.125 3.500-3.750 1.563 
16C 4.875 4.250-4.500 1.563 
160 4.375 4.000 MIN. 1.563 

-14-
x y I 

14A 3-5/16 2-3/4 1-5/16 
14B 3 1-9/32 
14C 

3-9t16 
3- /8 3-1/16 1-9/32 

1-9/32 140 3-7/8 3-5/16 
1-9/32 14E 4-1/16 3-1/2 

14f 3-13/16 3-1/4 1-9/32 

x y 
17A 3.180 2.800 
17B 3.410 3.030 
17e 4.160 3.780 
170 3.550 3.170 
17E 3.710 3.330 

I 
2.280-2.460 
2.510-2.690 
3.260-3.440 

2.810-2.900 

III measurements in incbes. 

515 

11.563 MAX. r-
11 

~ddJ 
TI2 

LARGE-BUTTON 
OUODECAR 12-PIN 

-15-
X y 

15A 2.875 2.250-2.500 
15B 3.375 3.000 MAX. 
15C 3.625 3.000-3.250 
15D 3.125 2.750 

1.562 MAX. t Mr~~T1'il'E 

~I~n 

,,----,,-'" ul 
LARGE-BUTTON 

NOVAR 9-PIN 

-18-
X y 

18A ·3.55 3.04 ± 0.13 
18B 4.60 4.09 ± 0.13 
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t'~MAX'1 

11 
~ .:. TI2 

:=-~ , \ 
MAX.-..j OCTAL 

-19-
x y Z 

19A 3-9/16 3 1-9/32 
198 3-7/8 3_5/16 1-13132 
19C. 4 3-7/16 1-13/32 
190 4-1/4 3-11/16 1-3/8 
19E 4-5/8 4-1/16 1-3/8 
19F 4-5/8 4-1/16 1-5/8· 
19G 4-3/4 4-3/16 1-11/16 
19" 5-3/16 4-5/8 . 1-3/8 

OCTAL OR SMALL -SHELL 
SMALL 4-,5-,6-, OR 7-

PIN 

-22-

RCA RECEIVING TUBE MANUAL 

-20-

-23-

All measurements in inches. 

21A 
21B 
21C 

x 
4-3/~ 

5-7/32 

y 
4 ± 3/15 

4-7/16 
4-1/4 

SMALL -SHELL 
SMALL 4-,5-, 6-, OR 7-PIN 

-24-
X Y 

24A 4-15/16 4-3/16 ± 1/8 
24B 4-17/32 3_25/32 ± 1/8 



OUTLINES 

-25-

29A 
29B 

y 29C 
290 

STl6 29E 
29F 
296 
29H 
291 
29K 
29L 
29M 

-28-
X y 

28A 5-1/8 4-7/16 ± 5/32 
28B 5-11/16 4-31/32 ± 5/32 

MEDIUM-SHELL 
SMALL 4-,,5-, OR 6- PINl 

MEDIUM 7-PIN 

-26-

MAX. MAX. 
LENGTH DIAMETER 

1-3/4 0.4 
1-3/4 1-5/16 

2-5/16 1-5/16 
2-5/8 1-1/16 
2-7/8 1-5/16 

3 1-5/16 
3-7/16 1-15/16 

4 1-3/16 
4-7/8 1-9/16 

5-1/32 1-13/16 
6-1/4 2-7/16 

3-15/32 1-7/16 

-29-

~U measurements in inches, 
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y 

-27-
X y 

27A 5-1/8 4-3/8 ± 3/16 
27B 5-3/8 4-9/16 ± 3/16 

1''''~~ 
Mlx I T9 

x 

J MfX. 

~ 
SMALL-BUTTON 

NOVAR 9-PIN 

-30-
X Y 

lOA 2.380 2.000 
30B 3.005 2.625 
30C 3.080 2.700 
300 3.110 2.730 
30E 2.125 1.75(] 



5'1:8 

-31-
X Y 

31A 2.880 2.500 
31B 3.130 2:750 
3te 3.880 3.500 

RCA RECEIVING TUBE MANUAL 

-33-
X Y 

t SKIRTED 

1.562 M_A_x_-I!""r 

,---JJJ 
L lARGE-BUTTON 

NaVAR 9-PIN 

-32-
x y 

32 3.505 2.875-3.125 
3211 4.130 3.500-3.750 

33A 3.06 Max. 252-2.6S 
All measurements in illches. 



CIRCUITS 

Circuits 

THE circuits included in this Man­
ual illustrate some of the more 

important applications of RCA re­
ceiving tubes; they are not nec­
essarily examples of commercial 
practice. These circuits have been 
conservatively designed and are ca­
pable of excellent performance. The 
brief description provided with each 
circuit explains the functional rela­
tionships of the various stages and 
points out intended applications, ma­
jor performance characteristics, and 
significant design features of the 
over-all circuit. Detailed descriptive 
information on individual circuit 
stages (for example, amplifiers, de­
tectors, or oscillators) is given in the 
section on Electron-Tube Applica­
tions earlier in this Manual, as well 
as in many textbooks on electron­
tube circuits. 

Electrical specifications are given 
for circuit components to assist those 
interested in home construction. Lay­
outs and mechanical details are omit­
ed because they vary widely with the 
requirements of individual set build­
ers and with the sizes and shapes of 
the components employed. 

Circuits designed for operation 
from both ac and dc voltage sup­
plies should be installed in nOD-me­
tallic cabinets or properly insulated 
from metallic cabinets. Potentiome­
ter shafts and· switches should make 
use of insulated (plastic) knobs. In 
practical use, no metallic part of an 
"acl de" chassis should be exposed to 
touch, accidental or otherwise. When 
such circuits are tested outside of 
their cabinets, a line isolation trans­
former such as the. RCA WP~25A 
IsotaP should be used. 

519 

Performance of these circuits de­
pends as much on the quality of the 
components selected and the care em­
ployed in layout and construction as 
on the circuits themselves. Good 
signal reproduction from receivers 
and amplifiers requires the use of 
good-quality speakers, transforD1el's, 
chokes, and input sources (micro­
phones, phonograph pickups, etc.). 

Coils for the receiver circuits 
may be purchased at local parts deal­
ers by specifying the characteristics 
required: for rf coils, the circuit po­
sition (antenna or interstage), tun­
ing range desired, and tuning ca­
pacitances employed; for if coils or 
transformers, the intermediate fre­
quency, circuit position (1st if, 2nd 
if, etc.), and, in some cases, the 
associated tube types; for oscillator 
coils, the receiver tuning range, the 
intermediate frequency, the type of 
converter tube, and the type of wind­
ing used (tapped or transformer­
coupled). 

The voltage ratings specified for 
capacitors are the minimum dc work­
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having sub­
stantially higher voltage ratings than 
those specified are used, they may not 
"form" completely at the operating 
voltage, with the result that the ef­
fective capacitances of such units may 
be below their rated value. The watt­
age ratings specified for resistors as­
sume methods of construction that 
provide ad~quate ventilation; com-
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pact installations having poor venti­
lation may require resistors of higher 
wattage ratings. 

erly dressed to minimize undesirable 
coupling and capacitance effects. Cor­
rect circuit alignment and oscillator 
tracking may require the use of a 
cathode-ray oscilloscope, a high-im- ' 
pedance vacuum-tube voltmeter, and , 
a signal generator ,capable of sup~ 
plying a properly mOdulated signal 
at the appropriate frequencies. Un­
less the builder has had considerable 
experience with broad-band, high­
frequency circuits, he should not 
undertake the construction of such 
circuits. 

Circuits which work at very high 
frequencies or which are required 
to handle very wide bandwidths de­
mand more than ordinary skill and 
experience in construction. Place­
ment of component parts is quite 
critical and may require considerable 
experimentation. All rf leads to com­
ponents including bypass capacitors 
must be kept short and must be prop-
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25·7 
25·8 
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L, 

C, 
10-
365 
pF 
,/ 

,/ 

AC/DC SUPERHETERODYNE RADIO RECEIVER 
PENTAGRID 
CONVERTER 
TYPE 128E6 

IF AMPLIFIER 
TYPE 128A6 13 

DIODE DETECTOR,AVC, 
AUDIO AMPLIFIER 

TYPE 12AV6 

POWER 
AMPLIFIER 

0.002 TYPE 50C5 

0.47 
Ma 

·150 

: I ~"" t J " ,_ ~ ~. ~ ~ ~ ... _) t ~ ~ ~ 
I 
I 
I 
V"'" 

117-Y 
AC 

LINE s, 
TYPE 
12AV6 

. 4 

TYPE 
12BE6 

TYPE 
12BA6 

TYPE 
50C5 

0.05 
·400 V 

+ 

o 0"'" 0 • , 

50 
150 V 

IW 

Ll = Loop antenna or ferrite-rod antenna, tuning capacitor and 455-kHz intemlCdiate- (permeability-tuned type may be used) 
540 to 1600 KHz (with specified values of frequency transformer T. = Audio output transformer matches im-
tuning and trimmer capacitance) T2, Ta = Intermediate frequency transform- pedance of speaker voice coil to 2500-ohm 

Tl = Oscillator. coil for use with 7- to 115-pF ers (include if trimmer caacitors), 455 kHz tube plate load 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise speci-
fied. . 

2. All resistor> 0.5 watt unless otherwise specified. 
3. The following tube types may be. used for a toO-mA heater complement: 

18FX6A converter, 18FW6A if amplifier, 18FY6A detector and audio am­
plifier, 34GD5A power amplifier, and 36AM3B rectifier. 
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25·1 AC/DC SUPERHETERODYNE RADIO RECEIVER (Cont'd) 

Circuit Description 

This basic five-tube superhetero­
dyne radio receiver operates directly 
from an ac power line or a dc supply 
of 117 volts. AC power inputs are con­
verted to dc power by the 35W 4 half­
wave rectifier circuit. The receiver 
uses a series heater arrangement. 
With ON-OFF switch 8, closed, the 
heater string is connected directly 
across the 117 -volt input terminals. 
A 6.3~volt panel lamp connected be­
tween heater pins 3 and 6 of the 35W 4 
rectifier tube lights to indicate that 
power is applied to the receiver. 

A ferrite-rod or loop antenna L, 
and tuning capacitor C, select ampli­
tude-modulated rf signals from the 
desired broadcast-band (550 to 1600 
kHz) radio station and couple these 
signals to grid No.3 (pin 7) of the 
12BE6 pentagrid converter. A local­
oscillator signal, developed by the 
resonant circuit formed by oscillator 
coil T, and variable capacitors Cs and 
C" is also applied to the 12BE6 pen­
tagrid converter, at grid No.1 (pin 
1). The modulated-rf and local-oscil­
lator signals are mixed across the 
nonlinear impedance of the converter 

tube to produce the 455-kHz inter­
mediate frequency used in the re­
ceiver. The antenna and oscillator 
tuning capacitors C, and Ca are me­
chanically ganged so that the an­
tenna and oscillator resonant circuits 
can be adjusted together to maintain 
the 455-kHz difference frequency for 
any dial setting in the broadcast-fre­
quency band. Trimmer capacitors C2 

and C4 are adjusted to assure that 
the desired tracking relationship is 
maintained across the band. Positive 
feedback to sustain oscillations is in­
ductively coupled by T, from the cath­
ode of the 12BE6 converter to the 
local-oscillator resonant circuit. 

A single if stage, whieh uses 
a high-transconductance 12BA6 re­
mote-cutoff pentode, provides the re­
quired amplification of the interme­
diate-frequency signals. This stage 
is made selective at 455 kHz by the 
double-tuned input and output trans­
formers T2 and Ta. Audio-signal com­
ponents are extracted from the if sig­
nal by the second-detector circuit, 
which consists of the pin 6 diode sec­
tion in the 12A V6 tube and associated 

components. (The pin 5 diode section 
of the 12A V6 is not used and is 
shorted to the tube cathode, pin 2.) 
The audio output from the detector 
is developed across the VOL. CaNT. 
potentiometer, which provides man­
ual adjustment of the output sound 
level of the receiver. The detector 
also develops a negative de voltage 
proportional to the rf input across a 
150-picofarad capacitor Co for auto-

. matic volume control in the receiver. 
This ave voltage, which is used as bias 
for the converter and if amplifier, 
automatically controls the gain of 
these stages. 

The audio-signal voltage at the 
wiper arm of the VOL. CaNT. poten­
tiometer is amplified by the triode 
(audio-voltage-amplifier) section of 
the 12A V6 and is then used to drive 
the 50CS audio output stage. The out­
put stage develops the audio power 
required to produce an audible out­
put from the speaker. Audio output 
transformer T, matches the 2500-ohm 
plate-load impedance of the 50C5 to 
the speaker voice coil. 
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25-2 AM/FM SUPERHETERODYNE RADIO RECEIVER 

Ll =RF coil 
L. = AM antenna, air loop with back 

cover 
Pc. Pc. = Printed circuit; includes 0.5-

megohm, 0.25-watt resistor and 470-
picofarad SOO-volt capacitor; RCA 
Stock No. 104328 or equiv. 

'c 

1ST. IF AMP. 

Z7oopF_ 
500 V;J;. 

4700 

tM.\l 

T. = FM antenna transformer 
To = FM oscillator transformer 
TaT. = FM if transformer, 10.7 MHz 
T.T. = AM if transformers, 45S kHz 
T. = Ratio-detector transformer, 10.7 

MHz 

2 NO. FM IF AMP./LIM., AM OET. 

TYPE 
IZAU6 
s 

1000 

'6800 I 6800 

1000 

220 

E. F :G 

T. = AM Oscillator coil; with specified 
values of tuning and trimmer capa­
citance, tunes to 540 to 1600 kHz 

T. = Audio output transformer, matches 
impedance of speaker voice coil to 
2S00-ohm tube load. 
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25-2 AM/FM SUPERHETERODYNE RADIO RECEIVER 

* 

AM 
ANT. 

L2 

y6L~s S2 

?81* 
CHASSIS 0.22 Mll 

Y 
I 
I 
I 
I 
I 
I 

: 0.47 Mll 

lMll ~ 
FM 

t---~~\' 
1000 pF AM 

1500Y S'C 

TYPE IN3756 3.3 Mll 

f~ 
0.047,400Y 

~6~~ ~1~ kTfE~ ~'(frfs In~ 141h-1I 

D Ganged tuning capacitors; tune Ll and T2 to 80 to 108 MHz. 

(Cont'd) 

# Ganged tuning capacitors; tune AM antenna (L2) and T7 to 540 to 1650 kHz. 
A IF transformer tuning capacitor; value, with cable capacitance, tunes T. to 

10.7 MHz. 
* On FM, the. ac line serves as an FM antenna by means of a special line cord 

having a third wire which is not physically connected to the line. Alternatively, 
an external FM antenna may be connected to terminals G and F with the con­
nection to the third wire of the power cord omitted. 

I ST. AUDIO AMP. 

1"1000 pF 
-do- 500 V 

AUDIO OUTPUT 

820 

39000 560' 
2W 

80,I50Vt !SO,I50V 

Notes: 1. Resistance in ohms and capaci­
tance in microfarads unless other­
wise specified. 

2. All resistors 0.5 watt, ± 10% un­
less specified. 

3. See general considerations for con­
struction of high·frequency and 
broadband circuits on page 519. 
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25-2 AM/FM SUPERHETERODYNE RADIO RECEIVER (Cont'd) 

Circuit Description 

This AM/FM radio receiver OPe 
erates directly from either an ac 
power line or a dc supply of 117 volts. 
AC power inputs are converted to dc 
power by a 1N3756 silicon-rectifier 
half-wave power supply. The receiver 
uses a series heater string, which is 
connected across the 117 -volt input 
when ON-OFF switch 83 and inter­
lock 82 are closed. The interlock as­
sures that power is automatically dis­
connected when the receiver is re­
moved from the chassis. 

AM or FM operation of the re­
ceiver is selected by means of switch 
8,. For AM operation (8, set to AM 
position), amplitude - modulated rf 
signals in the AM broadcast band 
(550 to 1600 kHz) from the desired 
radio broadcast station are selected 
by antenna L. and tuning capacitor 

Cs• These signals are amplified and 
converted to the 455-kHz AM inter­
mediate frequency by the 12BE6 pen­
tagrid converter. Tuning capacitors 
Cs and C7 are mechanically ganged 
so that the antenna and local-oscil­
lator sections of the converter can be 
tuned simultaneously to maintain the 
455-kHz difference frequency for any 
station setting. Trimmer adjustments 
are provided by variable capacitors 
Co and Cs• 

With switch 8, in the FM or FM­
AFC position, the FM tuner selects 
rf signals in the FM broadcast band 
(88 to 108 MHz) from the desired 
FM radio station, amplifies these sig­
nals, and converts them to the 10.7-
MHz FM intermediate frequency. The 
rf-amplifier and converter stages of 
the tuner each use one section of a 

12DT8 high-mu twin triode. Ganged 
tuning of the rf-amplifier and con­
verter tuning capacitors, C, and Ca, 
assures that the converter local-oscil­
lator frequency tracks the input tun­
ing at 10.7 MHz above the center 
frequency of the FM channel selected. 
Trimmer adjustments are provided 
by variable capacitors C2 and C •. For 
FM operation, the ac line may serve 
as the antenna if a special line cord 
containing a third wire not physically 
connected to the line is employed. Al­
ternatively, an external FM antenna 
may be connected to terminals G and 
F with the connection to the third 
wire of the power cord omitted. 

The 19HR6 if amplifier is used 
in both FM and AM modes of opera­
tion. Depending upon the setting of 
selector switch 8" this stage ampli-

ell 
~ 
~ 

~ 
(1 

> 
~ 
t:z:j 

~ 
';:J ..... 
Z 
C':l 

~ c: 
~ 
~ 
> 
Z 
S; 
l:" 



25-2 AM/FM SUPERHETERODYNE RADIO RECEIVER (Cont'd) 

Circu it Description (Cont'd) 

fies the frequency-modulated 10.7-
MHz intermediate-frequency output 
from the FM converter or the am­
plitude-modulated 455-kHz interme­
diate-frequency signal from the AM 
converter. Additional amplification of 
FM if signals is provided by the 
12AU6 pentode stage, which is used 
as a combination second FM if am­
plifier and noise limiter. A portion of 
the 12AU6 stage is also used as a 
second detector circuit to extract the 
audio-signal components from the 
455-kHz AM if signals. For this de­
modulation function, the cathode and 
control grid of the 12AU6 are used 
as the detector diode. The 10.7-MHz 
FM if signals are demodulated and 
amplitude distortion is removed by a 
ratio dector that uses the diode sec­
tions of a 14GTS twin diode-hi~h-

mu triode. Good selectivity in the if 
amplifier and detector at 10.7 MHz 
is provided by the double-tuned trans­
formers Ta, T., and To, and at 455 
kHz by the double-tuned transform­
ers T5 and Ts. 

Depending upon the mode of op­
eration, a section of S, selects the 
audio output from the AM detector 
or from the FM ratio detector. The 
selected audio output is amplified by 
an audio voltage amplifier which 
uses the high-mu triode section of 
a 14GT8 and a 50C5 audio output 
stage. The output stage provides the 
power necessary to produce the re­
quired speaker output. Transformer 
T. matches the 2500-ohm plate im­
pedance of the 50C5 to the speaker 
voice coil. Manual adjustment of the 
receiver output is· provided by the 

VOL. CONT. potentiometer in the 
control-grid circuit of the audio volt­
age amplifier. 

A negative dc voltage propor­
tional to the input signal level is de­
veloped across R, and Co during either 
AM or FM operation of the receiver. 
This voltage is applied as bias to the 
control grid (pin 1) of the 19HR6 if 
amplifier and the signal grid (pin 7) 
of the 12BE6 AM converter to pro­
vide automatic gain control of the 
receiver in each mode of operation. 
With S, in the FM-AFC position, the 
AFC diode CR, rectifies the voltage 
across the tertiary winding of the 
ratio-detector transformer To. The re­
sultant frequency-sensitive voltage, 
applied to the plate resonant circuits 
of FM rf-amplifier and converter 
stages, provides automatic frequency 
control in the FM tUner. 
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25-3 FM TUNER 
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25-3 FM TUNER (Cont'd) 

* A metal shield should be provided between grid and plate terminals on the 
6CW4 socket. 

A Capacitor inserted in place of tuning capacitor in secondary winding of T •. Value 
with cable capacitance tunes output circuit of tuner to 10.7 Mc/s. 

Lt = RF coil, 12 turns of No. 22 enamel 
wire close-wound on '/.i-Inch-diameter 
slug-tuned coil form; tuning slug = 
'lIs-inch-long Moldite No. 5101 ferrite 
or equiv. 

L2 = RF coil, 5 turns of No. 22 enamel 
wire close-wound on \4-inch-diameter 
coil form 

L3 = RF choke, 4 /LH, J. W. Miller No. 
70F396Al or equiv. 

L. = RF coil, 3 turns of No. 16 enamel 
wire wound double-spaced on '/.i-inch­
diameter slug-tuned cOil. form; tuning 
slug = 'lIs-inch-long Moldite No. 5101 
ferrite orequiv. 

I~5 = RF coil, Ph turns of No. 16 
enamel wire close-wound on 1,4 -inch­
diameter slug-tuned coil form; tuning 
slug = 'lIs-inch-long Moldite No. 5101 
ferrite or equiv. 

L6 = RF choke, 2 /LH, Ohmite No. Z144 
or equiv. 

I;, = RF coil; 0.4 /LH; 20 turns of No. 
26 enamel wire close-wound on a 
0.47 megohm, 0.5w Allen-Bradley re­
sistor or resistor of equivalent physical 
size 

La L. = RF chokes; 1 /LH; 25 turns of 
No. 24 enamel wire close-wound on 
a 0.47-megohm, I-watt Allen-Bradley 

resistor or resistor of equivalent phys­
ical size 

Tl == Antenna transformer; primary: 2 
turns of No. 32 wire with type B 
nylon insulation, Alpha No. 1860 or 
equivalent, center-tapped; secondary: 
3 turns of No. 16 enamel wire; wound 
double-spaced on '/.i-inch-diameter 
slug-tuned coil form; tuning slug = 
'lIs-inch-long Moldite No. 5101 ferrite 
or equiv. 

T" = FM if transformer, 10.7 MHz, J 
W. Miller 1451 or equiv.; capacitor 
in secondary should be replaced by 
one shown connected across tuner 
output terminals (see footnote A) 

Notes: 1. Resistances in ohms and capacitance ill picofarads unless otherwise specified. 
2. All resistors 0.5 watt and all capacitors 400 volts unless otherwise specified. 
3. See general considerations for construction of high-frequency and broadband 

circuits on page 519. 
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25-3 FM TUNER (Co nt' d) 

Circuit Description 

This three-stage FM tuner fea­
tures a pair Qf 6CW;1 nuvistor triodes 
operated in a low-noise, 'liigh~gain 
cascode rf-amplifier stage. The mixer 
and local-oscillator sections of the 
tuner use the pentode and triode sec­
tio.ns, respectively, of a 6KE8 triode­
pentode. The dc operating power for 
the tuner is obtained from alSO-volt, 
20-milliampere supply. Power for the 
tube heaters is obtained from a 6.3-
volt, 660-milliampere ac source. 

The tuner uses a 300-ohm bal. 
anced antenna. Antenna transformer 

TI matches the SOO-ohm antenna im­
pedance to the input circuit of the 
cascode rf amplifier. Antenna tuning 
capacitor CI is adjusted to select the 
desired FM channel. The frequency­
modulated rf signals are amplified by 
the cascode rf stage and coupled to 
the control grid of the mixer stage. 
The local oscillator generates a sig­
nal, at a frequency 10.7 MHz above 
the center frequency of the selected 
FM channel, which is also applied to 
the control grid of the mixer stage. 

. The rf and local-oscillator signal are 

mixed to produce the desired 10.7-
MHz FM intermediate frequency. 
Ganged tuning of the antenna, mixer, 
and local-oscillator tuning capacitors, 
CI, C" and C5, assures that the local­
oscillator frequency tracks the input 
tuning at 10.7 MHz above the selected 
FM channel. Capacitors C2, C" and 
C. are trimmer adjustments for the 
tuner. The double-tuned transformer 
T2 selects the 10.7-MHz FM if signals 
at the plate of the mixer stage~ and 
couples them to the if-amplifier/ 
limiter section of the :FM receiver. 
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25-4 FM STEREO MULTIPLEX ADAPTER 

This FM stereo multiplex adapt­
er demodulates composite mUltiplex 
signals from an FM tuner and sep­
arates these signals into left- and 
right-channel inputs for stereo audio­
output stages. The dc operating pow­
er for the 12AX7 A and 6CL8A twin 
triodes used in the adapter circuit is 
obtained from a 180-volt, 15-milliam­
pere supply. Power for the dual heat­
ers of the 12AX7 A and the single 
heater of the 6CL8A is obtained from 
a 6.3-volt source. 

The composite signal applied to 
the multiplex adapter from the ratio 
detector (or discriminator) in an FM 
receiver includes a 19-kHz pilot-fre­
quency (multiplex-reference) compo­
nent and sum (L + R) and differ­
ence (L - R) components of left- and 
right-channel audio signals. The L + 
R signal is the demodulated in-phase 
combination of the left- and right­
channel audio information used to 
modulate the main carrier frequency 
of the receiver. The L - R signal is 

the out-of-phase combination of the 
left- and right-channel information 
and is used to amplitude-modulate a 
38-kHz subcarrier. This sub carrier is 
suppressed in the FM tuner so that 
only the L - R sideband components 
of the amplitude-modulated signal 
remain. 

The composite input signal is 
amplified by the 12AX7 A triode sec­
tion in the input stage of the adapter. 
The high input impedance of this 
stage prevents excessive loading of 
the ratio detector. The 67-kHz trap 
in the cathode circuit of this stage 
eliminates any SCA (storecast allo­
cation) signal components that may 
be included in the composite signal. 
The composite signal is coupled from 
the plate of the input stage to the 
control grid of the 6CL8A triode sec­
tion used in a signal-separation 
driver. This stage operates as a cath­
ode follower for the L + R audio 
components and the L - R subcar­
rier sideband components. The L + 

R audio components are developed 
across the MATRIX BALANCE 
ADJ. potentiometer and coupled from 
the wiper arm of this potentiometer 
to the output resistor matrix network. 
A 3300-picofarad capacitor in the 
coupling circuit filters out any 19-
kHz pilot-frequency components or 
38-kHz sub carrier sideband compo­
nents that may be developed across 
the balanced potentiometer. The L 
- R sideband components are coupled 
from the cathode of the signal-sep­
aration driver to the center tap of 
the secondary winding of the trans­
former T2 in the peak detector. The 
38-kHz band-pass coil L2 and the 67-
kHz series-resonant trap assure max­
imum signal transfer of the L - R 
sideband components with minimum 
interference from storecast signals. 

The 19-kHz double-tuned trans­
former T, in the plate circuit of the 
signal-separation driver presents a 
highly selective load to the 19-kHz 
pilot-frequency component included 
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25-4 

Bf 
180 V 
15mA 

FM STEREO MULTIPLEX ADAPTER (Cent'd) 

COMPENSATING 
AMPLIFIER 

SIGNAI:-SEPARATION 
DRIVER 

15000 

112 TYPE 
12AX7A 

270pF 

0.047, 200 V 

68000 
3.9 Mil 

I Mil 

112 TYPE 
6CLBA 

I 
1 
1 
L 

10000 

47000 

SHAPING 
AMPLIFIER 
lIZ TYPE 

6CLBA 

1.2 
Mil 

0.01 

PHASE 
SPLITTER 
112 TYPE 

12AX7A 

22000 

6 

7 

8 

470 PFI 

22000 

0.1 Mil 0,01 RIGHT I II ,OOUTPUT 

:0.1 r 70PF 

OJ i;;opF 
tMIl I LEFT 

If--oOUTPUT 
0.01 

OJM.Il 

6.3 
V AC 

6CLBA 

3300pF I 5 4 

T4~V 
0.15 

22000r1 

0.01 Mil 10000 

MATRIX 
BALANCE 

ADJ. 

Notes: 1. Resistance in ohms and capacitanc<l in microfarads unless otherwise specified. 
2. All resistors 0.5 watt and all capacitors 500 volts unless otherwise specified. 
3. See general considerations fot construction of high-f.requency and broadband 

circuits on page 519. 
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25-4 FM STEREO MULTIPLEX ADAPTER (Cont'd) 

CR, CR2 CRs CR, = Crystal diode, 
RCA stock No. 111207 or equiv. 

Ll L, = RF coil. 67-kHz trap, RCA 
stock No. 111047 or equiv. 

Circuit Description (Cont'd) 

in the composite multiplex signal and 
couples this 19-kHz component to the 
pilot-frequency doubler. The doubler 
circuit, which consists of two diodes 
(CR, and CR.) in a full-wave recti­
fier configuration, doubles the pilot 
frequency to regenerate the 38-kHz 
subcarrier required for demodulation 
of the L - R sideband components. 

The 38-kHz output of the doubler 
is amplified by the 6CL8A triode sec­
tion used in the shaping amplifier 
and reshaped to a sine wave by the 
tuned. primary of the peak detector 
transformer Te. In the secondary of 
Tz, the 38-kHz subcarrier is recom-

Le = RF coil, 39-kHz band pass, RCA 
,tock No. 111048 or equiv. 

TI = RF interstage coupling transformer, 
19-kHz, RCA stock No. 111045 Of 
equiv. 

bined with the L - R sideband com­
ponents from the cathode of the sig­
nal-separation driver. This combined 
signal is then demodulated by detec­
tor diodes CRs and CR. to obtain 
the L - R audio signal. 

The L - R audio signal is applied 
to the control grid of the 6CL8A sec­
tion used in a phase-splitter circuit. 
The cathode and plate outputs of the 
phase splitter are equal in amplitude 
and opposite in phase so that one out­
put represents an L - R signal and 
the other output represents a - L 
+ R signal. These signals are applied 
to the output-resistor matrix network 

Tz = RF interstage coupling transfonner, 
38-kHz, RCA stock No. 111046 Of 
equiv. 

where they are added to the L + R 
audio signal from the cathode circuit 
of the signal-separation driver. In 
the summation of the L + Rand L 
- R audio signal, the R components 
are canceled, and the resultant ob­
tained is the left-channel audio out­
put. The summation of the L + Rand 
- L + R signals results in cancella­
tion of the L components so that only 
the right-channel audio output is ob­
tained. These outputs are then ap­
plied to the stereo receiver left- and 
right-channel audio-output stages, 
respectively. 
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25-5 THREE-STAGE IF AMPLIFIER/LIMITER AND DETECTOR 

TYPE 
6HR6 

3 4 

-
0.01~ 

For Monaural or Stereo Tuner 

TYPE TYPE TYPE 
6HS6 6HS6 6AL5 

4 

TYPE 
6HS6 

3300 
VVV 

6.3V· 

1:+50 
~-JlF 

TYPE 
6HS6 

15000 > 

o.ot ..... 
pF .:J; 

RATIO 
DETECTOR 

3300 

6800 

• 2 JlF _: 

6800 

>22000 68000 

33011 -;if' ~ 'ouTPUT" 

0 
TO 

~ B+ MULTIPLEX 
ISO V DETECTOR > 

25mA ' > > 
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25-5 THREE-STAGE IF AMPLIFIER/LIMITER AND DETECTOR (Cont'd) 
Notes: 1. Resistances in ohms and capacitance in picofarads unless otherwise specified. 

2. All resistors 0.5 watt and all capacitors 400 volts unless otherwise specified. 
3. Tube shields may be required if regeneration is encountered. See general 

considerations for construction of high-frequency and broadband circuits on 
page 519. 

Circuit Description 

This three-stage if amplifier! 
limiter and detector circuit, when 
used with a front-end circuit such as 
that shown in circuit 25-3, makes pos. 
sible an over-all tuner gain of 35 dB. 
The over-all bandwidth of the if­
amplifier stages, between the 6-dB­
down points, is 300 kHz, and the peak 
separation of the detector is 440 kHz. 
The circuit provides a signal-to-noise 
ratio of 20 dB for an input of 2.8 
microvolts or 30 dB for an input of 
4.1 microvolts. The 6HR6 and 6HS6 
pentodes used in the if-amplifier 
stages have very high transconduct­
ance and a grid-No.l-to-plate capaci­
tance sUbstantially less than 0.01 
picofarad and are, therefore, espe­
cially suited for use in FM if ampli­
fiers and television sound if ampli­
fiers. These pentodes operate from a 
I80-volt, 25-milliampere dc supply. 
Heater power for the pentodes aJ1d 
for the 6AL5 twin diode used in the 
ratio detector is obtained frol11 a 6.3-

volt ac supply. 
The frequency-modulated, 10.7-

MHz intermediate-frequency signal 
from the mixer stage in the FM tuner 
is applied to the control grid of the 
first if-amplifier stage. This signal is 
amplified by the three transformer­
coupled amplifier stages and applied 
by transformer Ts to the ratio de­
tector. The doubled-tuned coupling 
transformer T" T2, and To provide the 
selectivity at 10.7 MHz and the band­
pass characteristics required for op­
timum transfer of the frequency­
modulated signal. Circuit stability is 
improved by the use of unbypassed 
cathode resistors in each amplifier 
stage. The first two if stages are 
basically amplifiers, although they 
provide some saturation limiting of 
large-level signals. The 3300-ohm 
sereen-grid dropping resistors reduce 
the screen-grid voltages in these 
stages to obtain the desired limiting 
characteristics. The 6HR6 pentode 

Ll L" L, = RF choke, 1 JLH 
Tl T2 = IF transformers, 10.7 MHz, in­

cludes capacitors across primary and 
secondary windings 

T3 = Ratio-detector transformer, 10.7 
MHz, includes capacitor across sec­
ondary winding. 

used in the first if amplifier is a 
remote-cutoff tube and, if desired, 
this stage may be operated with agc 
bias. The 6HS6 pentodes used in the 
second and third if stages are sharp­
cutoff tubes. In addition, the screen· 
grid voltage divider network for the 
third stage substantially reduces 
the screen-grid voltage so that the 
stage will provide both cutoff and 
saturation limiting of large-level sig­
nals. The limiting in the if stages 
helps remove any amplitude modula­
tion from the frequency-modulated 
signals. 

The 6AL5 ratio-detector circuit 
provides additional noise limiting of 
the FM signal and demodulates this 
signal to recover the audio informa­
tion. The detector circuit provides the 
input to the audio amplifiers of a 
monaural receiver or to the multiplex 
detector in a stereo system. The RC 
network in the monaural output lead 
provides the desired de-emphasis of 
high audio frequencies. 
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25-6 PREAMPLIFIER FOR AMATEUR RECEIVER 
FOT 15-, 10-, and 6-Meter (21, 30-, and 50-MHz) Amateur Bands and 27-MHz 

INPUT 

Operating Frequency 

21 MHz 
27 MHz 
30 MHz 
50 MHz 

0.001 
500V 

100 ...LO.OOI 
500V 0.0011 500V 

~ 

ALIGNMENT DATA 
Tune T, to: 

21.25 MHz 
30 MHz 
32 MHz 
51 MHz 

1f<fUT 

~~ 
0.001 

500 VI 
0.001 =-I. 500 V 

- ~g88~ 
6.3V 

AC 

Tune T. to: 
21.22 MHz 

27 MHz 
29.5 MHz 

50 MHz 

Tl = Input transformer (slug-tuned); 
matches preamplifier to 52-ohm input 
line (for 300-ohm input line, double 
number of turns in primary); wound 
from #32 copper enamel wire on slug­
tuned form having 'A-inch outer diam­
eter: primary, IV:! turns; secondary, 18 
turns for operation at 21, 27, or 30 
MHz or 10 turns for operation at 
50 MHz 

T. = Output transformer (slug-turned); 
matches preamplifier to 72-ohm output 
line (use of other than a 72-ohm line 
between preamplifier output and re­
ceiver input is not recommended); 
wound from #32 copper enamel wire 
on slug-tuned form having 'A-inch 
outer diameter; primary, 18 turns for 
operation at 21, 27, or 30 MHz or 
10 turns for operation at 50 MHz, 
secondary, 1 ~-'2 turns 

* For operation at 21 or 27 MHz, use 6.8-pF 500-volt capacitors across second­
aries of T, and T.; for operation at 30 MHz, use 5-pF SOO-volt capacitor across 
secondary of each transformer; for operation at 50 MHz, use 5-pF 500-volt ca­
pacitor across secondary of T, and 6.8-pF 500-volt capacitor across secondary of 
T2 • 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt unless otherwise specified. 
3. See general considerations for construction of high-frequency and broadband 

circuits on page 519. 
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25-6 PREAMPLIFIER FOR AMATEUR RECEIVER (Cont'd) 

Circuit Description 

In this preamplifier, two 6CW4 
high-mu nuvistor triodes are used in 
a high-gain, low-noise cascode rf­
amplifier stage that adds 25 to 35 dB 
of gain ahead of a receiver operated 
on the 6-, 10-, or 15-meter amateur 
band or on the 27 -MHz citizens band. 
This added gain, together with the 
low noise figure (approximately 5 
dB) of the preamplifier, sUbstantially 
increases both the sensitivity and the 
signal-to-noise ratio of the receiver. 
The preamplifier operates from a dc 
plate supply of 150 volts at 5 milli­
amperes. The tube heaters require an 
ac power input of 6.3 volts at 0.26 
ampere. These small power require­
ments can usually be provided by the 
receiver. 

Input transformer T] matches 
the high input impedance of the pre­
amplifier to a 72-ohm or 300-ohm an-

tenna. When a 72-ohm antenna is 
used, the primary of Tl consists of 
a llh-turn link wound about the hot 
end of the secondary coil. For a 300-
ohm antenna, a 3-turn link is used. 
The secondary of T] is an 1S-turn coil 
for operation at 10 or 15 meters or 
on the citizens band. At 6 meters, a 
10-turn secondary coil is used. The 
unit is normally connected to the an­
tenna cable by means of a coaxial 
connector. If a balanced antenna sys­
tem is used, however, terminal strips 
for the twin leads may be used instead 
of the coaxial connector. In this lat­
ter case, the input link (primary of 
T]) is not grounded. 

Nuvistors Vl and V2 are operated 
in a stacked (cascode) arrangement 
in series with the B+ supply. The 
input is coupled by T] to the control 
grid of V], which is essentially a 

grounded-cathode amplifier. The out­
put of V] is applied to the cathode of 
V2, which is basically a grounded­
grid amplifier. The inherent stability 
of this type of arrangement, together 
with the ample decoupling and by­
passing networks included in the 
circuit provide assurance that the 
preamplifier will not break into os­
cillation. 

The output of V2 is developed 
across the primary coil of output 
transformer T,. This coil is identical 
to the secondary coil of input trans­
former T,. The secondary of T2 con­
sists of a 1112 -turn link about the pri­
mary coil. This link matches the out­
put of the preamplifier to a 75-ohm 
receiver input cable. (The maximum 
length of coaxial cable between re­
ceiver and preamplifier should not 
exceed 12 inches.) 
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25-7 CODE-PRACTICE OSCILLATOR 

TYPE 
'7 6BJ8 C" ... 0.03 

200V 

C$ 
O.OO( 

r;1t 

-= 

Tl = Power transformer, 125 volts rms. 
1SmA; 6.3 volts, 0.6 ampere 

T. = Universal output transformer 

Notes: 1. Any two terminals of the secondary of To that give the desired tone may be 
selected. Adjustment of volume control may cause a slight change in· tone. 

2. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
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25-7 CODE·PRACTICE OSCILLATOR (Cent/d) 

Circuit Description 

This code-practice oscillator op­
erates from a 117 -volt ac power line. 
When ON-OFF switch S, is closed, 
the 117 -volt ac input power is stepped 
up to 125 volts across the upper sec­
ondary winding of power transformer 
T, and is stepped down to 6.3 volts 
across the lower secondary winding. 
The 6.3-volt winding provides the op­
erating power for the heater of the 
6BJ8 twin diode-tride used in the cir­
cuit. The diode sections of the 6BJ8 
are connected to operate as a single 
diode· in a half-wave rectifier circuit 
that converts the ac power across the 
125-volt winding of T, to dc operating 
power for the 6BJ8 triode section. 
This triode section is used as the am· 

plifier tube in a simple audio-oscilla­
tor stage. 

Operation of the oscillator stage 
is controlled by a telegraph key, 
which is connected into the circuit by 
means of jack J ,. When the key is 
closed, the triode section of the 6BJ8 
supplies energy to the oscillator res­
onant circuit formed by capacitor C, 
and the effective inductance of the 
primary of output transformer T,. 
This circuit then resonates to pro­
duce an audio signal that is coupled 
by transformer T, to the speaker to 
produce an audible indication of the 
keying. Positive feedback to sustain 
oscillation is developed by the auto­
transformer action of the tapped prj· 

mary of transformer To. 
Output transformer To is a uni­

versal type which contains multiple 
taps on the secondary winding. These 
taps enable the transformer to match 
the oscillator output impedance to 
different values of speaker voice-coil 
impedance. The speaker impedance 
and transformer terminals used, how­
ever, affect the effective inductance 
in the primary of T, and, thus, the 
tone of the audio output. Volume­
control potentiometer R2 adjusts the 
level of the audio output. Adjustment 
of potentiometer R, varies the load­
ing on the oscillator resonant circuit 
and may also cause a slight change 
in the tone of the audio output. 
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25-8 

TRANSMITTER 1190 
OSC.lAMP. _ I I 1(-, 

18 

5 

-65V. 

CIh =Crystal diode, type IN34 
Ll = Transmitter oscillator coil, RCA 

stock No. 226183 or equiv. 
L2La = RF choke, 500 /LH 
L. = Second-harmonic trap, RCA stock 

No. 226187 or equiv. 
Sl = Rotary switch, transmitter channel 

selector, RCA stock No. 226189 Or 
equiv. 

{ 

So = Rotary switch, receiver channel se­
lector, RCA stock No. 226189 or 
equiv. 

Tl = Transmitter output transformer, 
RCA stock No. 226184 or equiv. 

T. = RF interstage transformer, 26.965 
to 27.255 MHz, RCA stock No. 226191 
or equiv. 

T. == Receiver oscillator coil, RCA stock 

.. ----~----. '5 .-------.. 

No. 226192 or equiv. 
T.T.T. == IF transformer (includes pri­

mary and secondary capacitors), 1650 
kHz, RCA stock 226193 or eQuiv. 

T. == Audio output transformer, center­
tapped primary, matches impedance of 
speaker voice coil to 5000-ohm tube 
load, RCA stock No. 226224 or equiv. 

Yl through Y9 == Transmitting crystals. 
Y10 through Y18 == Receiving crystals. 
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25-8 CITIZENS-BAND TRANSCEIVER (Cont'd) 

:C F G 

2NDIF AMP. 
TS 

iMTcROPHoNE-S3-~~ 
I TRANS.b I 

i ~i I r--4 K~C~IVE~,> ______ ~ 

1000 I»~ I li~>-l~.a 

1 
I 
I 
1 
1 
1 
I 
~_"'I ______ -_-_-_-_""'~-.J~I~~ 

19V > > > 
S.3-VOLT 

PANEL LAMP 

~~l6AV6 
:=6AW8A 

AGC 

5S000 

1/2 
TYPE 

ISEAS 

Q68 nil ,+ ~~J. 

0.33M!1 5000' 

3r---------~ 
~~ 

5000 

27000 
2W 

0.1 
M!1 

IM!1 
CRI 

I 
I 
I 
I ... 

1 
TYPE 
IN87G 

4.7 10 
M.a ~ __ ~~ __________________________________________ ~!Mn 

12.6 VOLTS 
(AC OR DC) 

Notes: 1. Resistance in ohms and capacitance in picofarads unless otherwise specified. 
2. All fixed resistors are 0.5 watt and all capacitors 500 volts unless otherwise 

specified. 
3. See general considerations for construction of high-frequency and broadband 

circuits on page 519. 
4. FCC regulations require that the transmitting crystals are installed and the 

operating frequency checked by or under the supervision of a person who 
holds a second-class (or higher) commercial radio operator's license. 

This transceiver is similar to the RCA "mark nine" Citizens-Band 2-Way Radio. 
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25-8 CITIZENS-BAND TRANSCEIVER (Cont'd) 
Circuit Description 

This transceiver provides relia­
ble two-way radio voice communica­
tions in the 27-MHz citizens band. 
Separate switches (S, and S2) are 
provided for selection of the transmit 
and receive channels. There are nine 
crystal positions for each mode of 
operation. If desired, however, the 
receiver may be tuned manually to 
anyone of the 23 citizens-band chan­
nels without the use of receive crys­
tals. The transceiver operates from a 
positive dc supply of 250 volts at 100 
milliamperes. The tube heaters are 
connected in a series-parallel ar­
rangement that permits them to be 
operated from anac or dc supply 
of 12.6 volts. A bias supply of -65 
volts is also required to mute the 
transmitting circuits during receiver 
operation. During transmission, a 
large negative voltage developed on 
the receiver agc line, as a result of 
antenna feedthrough from the trans­
mitter, cuts off the rf and if ampli­
fiers of the receiver. In addition, the 
speaker is disconnected from the re­
ceiver by the push-to-talk switch 
(S3) on the microphone. 

In the transmit mode of opera­
tion, push-to-talk switch S3 must be 
depressed to the TRANSMIT posi­
tion. This action grounds the control­
grid circuits of the transmit oscillator 

and the microphone amplifier, which 
removes the -65 volts of cutoff bias 
from these stages, and the rf and 
modulator sections of the transmitter 
are permitted to operate. In addition, 
the ground return is removed from 
the secondary of the receiver audio 
output transformer, and no output 
can be delivered to the speaker. 

The rf section of the transmit­
ting circuits include a crystal-con­
trolled oscillator (triode section of 
6A W8A) and a class C rf power am­
plifier (pentode section of 6AW8A). 
These circuits have a transmitter 
power rating of 5 watts (plate input 
power to final rf stage). The frequency 
of the oscillator is controlled by a 
third -overtone type of crystal (crys­
tal positions are available for any 9 
of the 23 citizens-band channels). The 
oscillator frequency can be adjusted 
over a small range by the variable 
inductor k in the oscillator plate cir­
cuit. The oscillator output signal is 
increased to the required power level 
by the power amplifier and is then 
delivered to the antenna. A filter net­
work in the plate circuit of the power 
amplifier and tuned antenna trans­
former T, form a selective output 
circuit that is designed to assure 
maximum transfer of power from the 
power amplifier to the antenna at 

citizens-band frequencies and to pro­
vide the required harmonic rejection, 
as specified by FCC regulations. 

The rf signals from the trans­
mitting circuits are amplitude-modu­
lated by audio signals applied to the 
plate circuit of the rf power amplifier 
(high-level modulation). As men­
tioned previously, the cutoff bias on 
the microphone amplifier is removed 
when the press-to-talk switch on the 
microphone is depressed. The micro­
phone amplifier uses the triode sec­
tion of a 6EA8 triode-pentode to pro­
vide the first level of amplification 
for the microphone audio outputs. 
The output of the microphone pre­
amplifier is applied to the control grid 
of the triode section of a 6A V6 twin 
diode-triode used in an audio voltage­
amplifier stage. This stage increases 
the microphone signal to a level suf­
ficient to drive a 6AQ5Apentode 
audio power amplifier. (The audio 
voltage and power amplifiers are also 
used as first-audio and output stages, 
respectively, during receiver opera­
tion.) The output from the audio 
power amplifier (modulator) is induc­
tively coupled by the autotransformer 
action of the tapped primary of trans­
former T7 to the plate circuit of the 
rf power amplifier and amplitude­
modulates the rf signals being deliv-
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25-8 CITIZENS-BAND TRANSCEIVER (Cont'd) 
Circuit Description (Cont'd) 
ered to the antenna. 

The tuned- antenna transformer 
T, used to couple the transmitter rf 
output to the antenna is also used as 
the input circuit to the receiver. This 
transformer is designed not only to 
provide a maximum transfer of power 
to the antenna during transmission, 
but also to assure an optimum signal­
to-noise ratio for receiver-mode op­
eration. The received signals are cou­
pled from the antenna by transformer 
T, to the control grid of the 6BA6 
receive rf amplifier. The output of the 
rf amplifier is coupled by the double­
tuned transformer T2 to the signal 
input grid of the 6BE6 pentagrid con­
verter, where it is mixed with a local­
oscillator signal to derive the 1650-
kHz intermediate frequency used in 
the receiver. 

The oscillator portion of the re­
ceiver, depending upon the position 
of the receive channel-selector switch 
82, is either crystal-controlled (posi­
tions 1 through 9) or manually tuna­
ble (position 10). For crystal opera­
tion, the crystal is switched directly 
into the feedback path. At its series 
resonant frequency, the crystal acts 
as a closed switch; at any other fre­
quency, the crystal acts effectively as 
an open circuit. Oscillations are sus­
tained, therefore, at only the series 

resonant frequency of the crystal. 
The 1650-kHz output from the 

converter is amplified by two if-am­
plifier stages. The amplifier tube in 
the first if amplifier is a 6BA6 remote­
cutoff pentode; in the second if stage, 
the pentode section of a 6BE8 triode­
pentode is used to provide the if-sig­
nal amplification. The double-tuned 
if transformers T" T5, and To are de­
signed to provide optimum adjacent­
channel selectivity together with suf­
ficient bandwidth to accommodate 
the maximum crystal-frequency error 
(±0.005 per cent for both transmit­
ting and receiving crystals) allowed 
by FCC regulations. 

The output from the if amplifiers 
is demodulated by the 1N87G detec­
tor diode and associated components. 
The rectified current from the IN87G 
diode also causes a negative voltage 
proportional to the received signal to 
be developed across the 5000-pico­
farad capacitor in parallel with the 
detector filter network. This voltage 
is applied as agc bias to the control 
grid of the rf and if amplifiers and 
to the signal grid of the pentagrid 
converters. The detected audio signal 
voltage is coupled by crystal diode 
CR, and the VOL. CONT. potentiom­
eter to the control grid of the 6A V6 
triode section used in the audio volt-

age amplifier. Diode CR" which is 
biased by the voltage from the agc 
line (line F) and the positive voltage 
from the cathode of the 6AQ5A audio 
power amplifier, acts as a series noise 
limiter, and effectively limits tran­
sient noise induced in the receiver. 
The output from the audio-voltage 
amplifier is applied to the control grid 
of the power amplifier, which devel­
ops the power required to drive the 
speaker. 

The control-grid return of the 
audio voltage amplifier is connected 
to the wiper arm of the SQUELCH 
CONT. potentiometer. This control is 
part of a voltage divider between the 
first if-amplifier screen grid and 
-65-volt bias supply. The potentiom­
eter is adjusted to just cut off the 
audio amplifier with no signal input. 
When a signal is received, the agc 
voltage applied to the control grid 
of the first if amplifier reduces the 
screen-grid current of this stage. The 
screen-grid voltage then rises and, in 
turn, causes the control-grid voltage 
of the audio amplifier to rise, and the 
amplifier is no longer held cut off. A 
clamp circuit formed by one of the 
diode sections of the 6A V6 and asso­
ciated components prevents the grid 
of the triode (audio-amplifier) sec­
tion of this tube from going positive. 
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25-9 INTERCOMMUNICATION SET 
With Master Unit and Two or More Remote Units 

73 
C2 

0.0022 ~~ 
200V 10000 

R3{R4 
,0.47 0.47 
MSl MSl 

LISTEN 

TAI.K 

REMOTE UNIT 

SP3 
REMOTE UNIT 

Notes: 1. The leads from the LISTEN-TALK switch to Tl and T. should be kept as 
far apart as possible to prevent undesirable regenerative effects. 

2. Connections to the remote speaker units should be made with low-resistance 
wire, preferably with shielded "intercom" cable. 

3. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
4. All resistors O.S watt unless otherwise specified. 
5. Potentiometer should have audio taper. 
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25-9 INTERCOMMUNICATION SET (Cont'd) 

S, = Talk-listen switch, double-pole 
double-throw 

S2 Station Selector, rotary switch 
S3 = On-off switch, single-pole single-

Circuit Description 

This simple "intercom" set can 
be used to achieve reliable voice com­
munications, at normal speaking lev­
els, between any two points in a 
normal-size house. The system con­
sists of a master unit, centrally lo­
cated at the hub of household activity, 
interconnected by low-loss cabling to 
remote units located at points (e.g., 

,garage, attic, and cellar) beyond the 
range of normal voice levels. An au­
dio amplifier, which includes a 6AV6 
voltage-amplifier stage and a 6EH5 
power-output stage, provides the am­
plification necessary to overcome the 
attenuation of voice levels by system 
cabling. A 6X4 half-wave rectifier 
circuit converts the 117 -volt ac input 
power to the dc power required for 
operation of the amplifier stages. A 
6.3-volt secondary winding on the 
power transformer(T3 ) in the recti­
fier circuit provides heater power for 
the amplifier and rectifier tubes. 

The speaker at each intercom 
station is used for both talk and lis-

throw, attached to volume control 
potentiometer 

Sp, SP2 SPa = Speaker; permanent­
magnet; voice-coil impedance, 3 to 4 
ohms 

ten functions. The talk-listen switch 
8, at the master location establishes 
the talk or listen mode for all sta­
tions. The voice communications are 
initiated from the master unit. Switch 
8, is depressed to the TALK position, 
and the initiator talks into the mas­
ter-unit speaker. The audio (voice~ 
signal) voltage that is then developed 
across the speaker voice coil is cou­
pled by input transformer T, to the 
control grid of the 6A V6 audio am­
plifier. Selector switch 8 2 connects 
the desired remote unit into the in­
tercom system. With S, depressed to 
the TALK position, the remote unit 
speaker is automatically connected 
to the audio amplifier output for lis­
ten-mode operation. When 8, is in 
the LISTEN position, the master-unit 
speaker is connected in the listen 
mode, and the remote-unit speaker is 
connected to the amplifier input. A 
reply from .the remote unit is then 
coupled from the remote speaker by 
transformer T, to the control grid of 

T, = Input transformer, 4-ohm primary, 
25000-ohm secondary 

T2 = Output transformer, 3000-0hm pri-
T. = Power transformer; 125 volts rms, 

50 rnA; 6.3 volts, 2 amperes. 

the 6A V6 audio amplifier. 
Transformer T, matches the 

voice-coil impedance of the 4-ohm 
permanent-magnet speaker (of either 
master or remote unit) to the 2500-
ohm input impedance of the 6A V6 
amplifier stage. This stage and the 
6EH5 audio output stage amplify the 
audio (voice) signals received from 
one location (the master unit or one 
of the remote units) to develop the 
audio power required to produce an 
audible output from the speaker at 
another location. Output transformer 
T2 matches the 3000-ohm plate-circuit 
impedance of the output stage to the 
4-ohm voice-coil impedance of the 
speaker (master-unit or remote-unit) 
to which the communication is di­
rected, as determined by the settings 
of switches S, and S2. The VOL. 
CONT. potentiometer R, in the input 
circuit of the 6A V6 audio amplifier 
stage provides the volume-control ad­
justment for the system. 
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25-10 HIGH-FIDELITY AUDIO AMPLIFIER 

Class AB1; Power Output, 15 Watts 

AUXILIARY 
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25-10 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 
L == Filter choke; 3H; 160 mA; de re­

sistance, 75 ohms or less; Triad C-13X 
or equiv. 

SR =: Selenium rectifier, 20 rnA, 13S 
volts rms 

Tl =: Audio output transformer (has 8-

ohm tap for feedback connection); 
matches impedance of speaker voice 
coil tQ 6600-ohm plate-to-plate tube 
ioad: 50 watts; frequency response, 10 
to 50000 Hz; Stancor A-8056 or 

equiv. 
T2 =: Power transformer; 360-0-360 volts 

rms. 120 rnA; 6.3 volts, 3.5 amperes; 
5 volts, 3 amperes; Stancor 8410 or 
equiv. 

Notes: 1. Resistance in ohms and capacitance in microfarads un­
less otherwise specified. 

2. All resistors 0.5 watt ±10% unless otherwise specified. 

4. If amplifier oscillates or "motorboats," reverse ground 
and feedback connections in secondary of output trans­
former T,. 

3. Potentiometers should have audio taper. 

Circuit Description 

This high-fidelity audio power 
amplifier can deliver 15 watts of rms 
output power with less than 0.4 per 
cent total harmonic distortion and 
less than 1.5 per cent intermodulation 
distortion. The frequency response of 
the amplifier is fiat within ±0.5 dB 
from 20 Hz to 60 kHz, and the sensi­
tivity is such that the rated output of 
15 watts is obtained for an input of 
1.2 volts rms. The total hum and 
noise, with the input shorted, is 84 
dB below 15 watts. The circuit op­
erates from a 117 -volt ac power line. 
The transformer-coupled ac input 
power is converted to dc operating 
power for the amplifier stages by the 
5Be3 full-wave rectifier. Heater pow­
er for the amplifier tubes and the 
rectifier are obtained from the 6.3-
volt and 5-volt secondary windings, 

respectively, on the rectifier power 
transformer (T2 ). 

A high-gain pentode voltage 
amplifier is used as the input stage 
for the audio power amplifier. The 
output of this stage is direct-coupled 
to the control grid of a triode split­
load type of phase inverter. The use 
of direct coupling between these 
stages minimizes phase shift and, 
consequently, increases the amount of 
inverse feedback that may be used 
without danger of low-frequency in­
stability. A low-noise 7199 tube, 
which contains a high-gain pentode 
section and a medium-mu triode sec­
tion in one envelope, fulfills the 
active-component requirement for 
both the pentode input stage and the 
triode phase inverter. Potentiometer 
R, in the input circuit of the 7199 

pentode section is the volume control 
for the amplifier. 

The plate and cathode outputs of 
the phase inverter, which are equal in 
amplitude and opposite in phase, are 
used to drive a pair of pentode-con­
nected 6973 beam-power tubes used 
in a class AB, push-pull output stage. 
The 6973 output tubes are biased for 
class AB, operation by the fixed nega­
tive voltage applied to the control­
grid circuit from the rectifier circuit. 
Fixed bias is used because a class AB 
amplifier provides highest efficiency 
and least distortion for this bias 
method. 

Transformer T, couples the audio­
amplifier output to the speaker. The 
taps on the secondary of this trans­
former match the plate-to-plate im­
pedance of the output stage to the 
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25-10 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 

voice-coil impedance of an 8- or 16-
ohm speaker. Negative feedback of 
19.5 dB is coupled from the secondary 
of the output transformer (speaker 
voice coil) to the cathode of the input 
stage to reduce distortion and to im­
prove circuit stability. 

Fixed-bias operation of the out· 
put stage requires that the power 
supply provide very good voltage 
regulation because the plate current 

of the 6963 tubes varies considerably 
with the signal level. The conven­
tional choke-input type of power 
supply used provides the required 
regulation. The fixed bias for the out­
put stage is obtained from one-half 
the high-voltage secondary winding 
of power transformer To through a 
capacitance-resistance voltage divider 
and the 20-milliampere, 135-volt 
selenium rectifier. Potentiometer R. 

25·11 HIGH-FIDELITY AUDIO AMPLIFIER 
Class AB,; Power Output, 30 Watts 

This audio power amplifier can tially identical to the 15-watt ampli· 
deliver 30 watts of rms output power fier (circuit 25-10) except that it uses 
with less than 0.7 per cent total har- 7027A beam power tubes in the out-
monic distortion and less than 1.5 put stage to develop the higher audio 
per cent intermodulation distortion. power output and uses a resistive 
The frequency response of the ampli- network in the negative leg of the 
fier is flat within ±0.5 dB from 15 power supply, rather than a separate 
Hz to 40 kHz. The total hum and rectifier, to supply the fixed-bias 
noise, with the input shorted, is 85 voltage for the output stage. A po-
dB below 30 watts. The rated output tentiometer (R") connected across 
of 30 watts is obtained for an input the 6.3-volt heater winding also pro-
of 1 volt rms. vides the hum balance adjustment 

The 30-watt amplifier is essen~ for the 30-watt amplifier. 

connected across the 6.3-volt second­
ary winding of transformer T2 pro­
vides a hum balance adjustment for 
the audio power amplifier. The wiper 
arm of this potentiometer is con­
nected to the junction of a resistive 
voltage divider across the output of 
the power supply. The resulting posi­
tive bias voltage applied to the tube 
heaters minimizes heater-to-cathode 
leakage and SUbstantially reduces 
hum. 

T, = Audio output transformer (has 16-
ohms tap for feedback connection); 
matches impedance of speaker voice 
coil to 6600-ohm plate-to-plate tube 
load; 50 watts; frequency response, 10 
to 50000 Hz; Stan cor A-8056 or equiv. 

T, = Power Transformer; 375-0-375 volts 
rms. 160 mA; 6.3 volts, 5 amperes; 
5 volts, 3 amperes, Thordarson T22R33 
or equiv. 
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25-11 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

INPUT ., 

0---< 
117 V Si 
AC 

Notes: 1. Resistance in ohms and capaci­
tance in microfarads unless other­
wise specified. 

2. All resistors 0.5 watt, ±10% un­
less otherwise specified. 

3. Potentiometers should have audio 
taper. 

TO 
~ 0 SCaftr 

COIL 

4. If amplifier oscillates or ~'motor­
boats," reverse ground and feed­
back connections in secondary of 
output transformer T 1. 
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25-12 HIGH-FIDELITY AUDIO AMPLIFIER Class AB,; Power Output, 50 watts 

40 
450V.I. 

- 0.82 
Mll 

0.22 
Mll 

Q--<Y"'" 0--...-..-, 

117 V 
AC 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt, ±10% unless otherwise specified. 
3. Potentiometers should have audio taper. 
4. If amplifier oscilllltes Or "motorboats," reverse ground and feedback connec­
. tions in secondary of output transformer TL 
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SPEAKER 
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AUXILIARY 

POWER FOR -=- PREAMPLIFIER, 
TONE-CONTROL, 
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25-12 HIGH·FIDELITY AUDIO AMPLIFIER (Cont'd) 

* Capacitor = 0.002 IIF when connected to 4-ohm transformer tap, 0.0015 IIF 
when connected to 8-ohm tap, or 0.001 IIF when connected to 16-ohm tap, 400 
volts. 

• Resistor = 600 ohms when connected to 4-ohm transformer tap, 820 ohms when 
connected to 8-ohm tap, or 1200 ohms when connected to 16-ohm tap, 0.5 watt. 

Preliminary Adjustments 
The following adjustments should be made before operation: 

(") With rectifier out of socket, adjust Bias Adj. for -40 volts between the 
wiper arm and ground bus. 

(#) With speaker connected, adjust Screen-Grid Voltage Adj. for 400 volts 
between pin 3 of 6GF7 and ground bus. 

(**) With input shorted, adjust Hum Bal. Adj. for minimum hum from 
speaker. 

(A) With input open and Vol. Cont. set for maximum volume, adjust Bal. 
Cont. for minimum hum from speaker. 

Circuit Description 

This four-stage audio power 
amplifier can deliver 50 watts of rms 
power output with less than 0.1 per 
cent total harmonic distortion and 
less than 1 per cent intermodulation 
distortion. The frequency response 
of the amplifier is fiat within ±0.5 
db from 10 Hz to 50 kHz. Sensitivity 
is 0.4 volt rms input for 50 watts 
output. The total hum and noise is 
70 db below 50 watts. 

The 50-watt amplifier, like the 
15-watt and 30-watt high-fidelity 
amplifiers (circuits 25-10 and 25-11), 
uses a 7199 low-noise triode-pentode 

as an input amplifier and phase­
splitter, but has a push-pull driver 
stage, which uses 6eB6 sharp-cutoff 
pentodes. The superior performance 
of this amplifier can also be attrib­
uted, in part, to the use of a 450-volt 
plate supply and a 400-volt electron­
ically regulated grid-No. 2 supply 
for the 7027 A beam power tubes in 
the output stage and to the use of 
inverse-feedback loops from the plates 
to the grids of the output tubes, from 
the plates to the output tubes to the 
cathodes of the driver tubes, and 
from the voice-coil winding of the 

L = Filter choke; 8H; 250 rnA; dc re­
sistance, 60 ohms or less 

SR = Selenium rectifier, 20 rnA, 135 
volts rms 

Tl = Audio output transformer; matches 
impedance of speaker voice coil to 
5000-ohm plate-to-plate tube load; 50 
watts; frequency response, 10 to 50000 
Hz; Aerosound T0340 or equiv. 

T2 = Power transformer; 600-0-600 volts 
rms, 200 rnA; 6.3 volts, 5 amperes; 5 
volts, 3 amperes; Thordarson 22R36 
or equiv. 

Ts = Filament transformer; 6.3 volts, 
center-tapped, 1 ampere; Thordarson 
21F08 or equiv. 

output transformer to the cathode of 
the input amplifier. Additional fea· 
tures are the operation of all heaters 
at a positive voltage with respect to 
ground and use of a balancing adjust­
ment (R2) in the heater-supply cir­
cuit to minimize hum, a grid-No.2 
voltage adjustment (Rs), a grid-No. 
1 bias adjustment (R,) for the 7027A 
output tubes, and an ac-balance 
adjustment (R5) which may be used 
to balance the outputs of the push­
pull stages. Operation of the 50-watt 
amplifier is essentially the same as 
that of the 15- and 30-watt amplifiers. 
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25-13 TWO-CHANNEL STEREOPHONIC AMPLIFIER 
Power Output, 1 Watt Each Channel 

INPUT­
CRYSTAL OR 

CERAMIC 
PHONOGRAPH 

117 V 
AC 

'.~ 

F 
3A 12 

2W 

+..L 50 
150V 

60 
IW 

14" TYPE 
60FX5 

280 

2W 

501+ 50..L+ 
150 V-r- 150 V 

220 
2W 

o ~O~~---------------+----+---~ 

TO SPEAKER 
VOICE COIL 

TO SPEAKER 
VOICE COIL 
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25-13 TWO-CHANNEL STEREOPHONIC AMPLIFIER 

Tl To = Audio output transformer, 
matches impedance of speaker voice 
coil to 3000-ohm tube plate load, 
Triad S-16X or equiv. 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. Potentiometers should have audio taper. 

Circuit Description 

This ac/ dc two-channel (stereo) 
amplifier operates from either an ac 
power line or dc supply of 117 volts. 
AC power inputs are converted to dc 
power by the 1N1763 silicon-diode 
half-wave l'ectifier circuit. The 
heaters of the 60FX5 power pentodes 
(one for each channel) used ill the 
amplifier are connected in series 
directly across the input power line. 

In stereo units that use high­
output ceramic stereo cartridges, the 
high power sensitivity of the 60FX5 
tubes at low supply voltage elimi­
nates the need for preamplifier 
stages. The 60FX5 provides a power 

output of 1.3 watts to a 3000-ohm 
transformer primary with only 3 
volts peak drive on grid No. 1. With 
a transformer having a good imped­
ance match and 85-per-cent efficien­
cy, each channel of the stereo ampli­
fier supplies 1.1 watts of useful 
power output at the speaker. 

No special mounting or layout 
precautions are necessary for this 
amplifier other than the value and 
placement of the isolating capacitor 
C1 between B- and the chassis. This 
capacitor should be connected to the 
same point on the chassis at which 
the common cartridge lead is tied. 

A value of 0.1 microfarad for the 
isolating capacitor is suggested so 
that full output is obtained from the 
pickup. 

As with all single-ended ampli­
fier circuits, especially ac/ dc units, 
adequate screen-grid bypassing is 
necessary to minimize hum. Screen­
grid filtering is obtained through use 
of a 220-ohm dropping resistor and a 
50-microfarad electrolytic capacitor. 
Although, in the circuit shown, sepa­
rate cathode-bias resistors are used 
for better dynamic balance, a single 
30-ohm common cathode-bias resistor 
bypassed with a 50-microfarad elec­
trolytic capacitor may also be used. 
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25-14 

0.05 
200Y 

MICROPHONE AND PHONOGRAPH AMPLIFIER 
Power Output, 8 Watts 

12000 

4 
450Y 

I Ira;. "'1-.1' I 0.05 

10000 \rA.r-v v..:.n-< 9:921.1 47.91 H3 "L1tq" : ... V I0000' iT2c 
pF· . 0.5 • 0.5. 0.47 100 ~2 2 I x X! 1 BASS~ fTREBLE x x x . . 

300 V Mil Mil 0.01 Mil .. A 

+ 25 300Y 
1200 -4'450V 4700 

pF <1800 
300Y 

1 1 
x 

= 1'" •. III'? 

0.22 ± Mil 8200 
2W 

\I'y I "m''-----~--'VV' 
I~OW . + 9n L + 20 +...L20 

-I450Y "1450 V 

"='" -=-
Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 

2. All resistors 0.5 watt, ±10% unless otherwise specified. 
3.l'otentiometers should have audio taper. 
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25-14 MICROPHONE AND PHONOGRAPH AMPLIFIER 

11 ::::: Jack for high-impedance crystal 
microphone input 

I. ::::: Jack for crystal phono-pickup in­
put 

L ::::: Filter choke, 5 henries, 200 mA, 
Universal Transformer Corp. R20 or 
equiv. 

Circuit Description 

This microphone and phonograph 
amplifier can deliver up to 8 watts of 
audio output power for an input of 
200 millivolts rms at J. (phonograph 
input) or an input of 6.8 millivolts 
rms at J 1 (microphone input). The 
amplifier uses a 6EU7 twin-triode 
input amplifier, a 6AV6 driver stage, 
and a 6L6GC single-ended output 
stage to increase the signal power 
from a high-impedance crystal micro­
phone or crystal phonograph pickup 
to the desired level. The transformer­
coupled ac input power is converted 
to dc operating power for these 
stages by a 5Y3GT full-wave recti­
fier circuit. A 5-volt winding on 
power transformer T, provides the 
heater power for the rectifier tube, 
and a 6.3-volt winding provides 
heater power for the other tubes in 
the amplifier. The center tap on the 

s,::::: Microphone-phonograph selector; 
wafer switch; single-pole, double-throw 

S2 ::::: On-off switch; single-pole, single­
throw 

T1 ::::: Power transformer; 300-0.300 volts 
rms, 90 rnA; 6.3 volts, 3.5' amperes, 
center·tapped; 5 volts, 2 amperes; 

6.3-volt winding is connected to the 
junction of a resistive voltage divider 
across the output of the power sup­
ply. The resulting positive bias ap­
plied to the tube heaters substantially 
reduces heater-to-cathode leakage 
and, consequently, minimizes hum. 

The signals from a crystal micro­
phone are usually much smaller than 
those from a crystal phonograph 
pickup. Microphone signals,. there­
fore, are amplified by both sections 
of the 6EU7 twin-triode amplifier. 
The signals are coupled from J 1 to 
the pin 5 control grid of the 6EU7. 
The plate output from this triode 
section is then coupled through 
switch S, (microphone position) and 
volume-control potentiometer R1 to 
the pin 8 control grid of the 6EU7. 
With selector switch S1 in the phono­
graph position, phonograph inputs 

Thordarson 22R04 or equiv. 
T2::::: Universal audio output transformer, 

matches impedance of speaker voice 
coil to 4OO0-ohm tube plate load, 10 
watts, Universal Transformer Corp. 
814 or equiv. 

are coupled directly from J. across 
volume-control potentiometer R1 to 
the pin 8 control grid, and the first 
section of the 6EU7 is bypassed. 

The outputs from the pin 7 plate 
of the 6EU7 are coupled across the 
frequency-sensitive tone-control net­
work to the control grid of the 6A V6 
driver stage. The bass and treble 
controls R. and R. are adjusted to 
assure optimum low- and high-fre­
quency response characteristics for 
the amplifier. The two diode plate 
sections of the 6A V6 are shorted to 
the tube cathode and thereby are 
made inoperative. The output of the 
driver stage is applied to the 6L6GC 
-output stage which develops the 
audio power required to drive a 
speaker. Transformer T. matches the 
4000-ohm plate impedance of the out­
put stage to the speaker voice-coil 
impedance. 
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25-15 TWO-CHANNEL AUDIO MIXER 
Volta~e Gain from Each Grid of 6EU7 to Output i, Approximately 20 

+250 V IM.Il. 

O.IM!l 

IM.Il. 

O.lM!l 

~
OUTPUTTO 

0.05 GRID OF 
400V I NEXT STAGE 

M.Il. 

Noles: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt unless otherwise specltied. 
3. P01entiomelers should have audio taper. 

Circuit Description 

This high-fidelity mixer circuit 
can be used to combine audio-fre­
quency program material from two 
sources. Each signal channel consists 
of a one-stage voltage amplifier 

using one section of a 6EU7 low­
noise twin-triode. Each section of 
the mixer can provide a voltage gain 
of about 20, and can handle an input 
signal of about 0.2 volt rms without 

overloading. The dc plate supply of 
+250 volts (nominal value) for the 
mixer stages can usually be obtained 
from an auxiliary tap on the power 
supply for the audio power amplifiers. 
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25-16 PHONOGRAPH AMPLIFIER 
Power Output, 1 Watt 

v~_ - - :::. - - )::.. -:... _ ,'1 I ~ __ ..., 

~ -- 0.02 ~I I 
400V 1 0.5 =1 

0.082 ~0.22 
400V ~ Mn 

Mn 
VOL. 

CONT. 

T/ 

56 

y 

TYPE 
35W4 CHASSIS s.. . F, ± 

1 IA 'VV'v ~ 3300 ()-----<Y'" o-<f'VJ y:;::J 0.22 Mn 5 ~ Y I W YJ 7_'VV'v 
117 v 210 40 + 40...L+ 
AC X lOW 150Vr-150VT-
O~ _______ ~x~~ ______________________ ____ 

J = Input connector, shielded, for crys­
tal phonograph pickup 

T = Audio output transformer, matches 
impedance of speaker voice coil to 
3000-ohm tube load 

Circuit Description 

This single-stage phonograph 
amplifier operates directly from 
either an ac power line or a dc supply 
of 117 volts. AC power inputs are 
converted to dc power by the 35W 4 
half-wave rectifier circuit. The heat­
ers of the amplifier and rectifier tube 
are connected in series, together with 
a 210-ohm voltage-dropping resistor, 
directly across the input power line. 

The amplifier uses a 50EH5 
power pentode to develop up to 1 
watt of audio output power from the 
input supplied from a crystal phono­
graph pickup. The input is applied at 
J, and coupled through a length of 
shielded cable to the input circuit of 
the pentode amplifier. Volume-control 
adjustment for the amplifier is pro­
vided by potentiometer R,. The out­
put coupling transformer T, matches 
the 3000-ohm plate load impedance 
of the 50EH5 to the voice-coil im­
pedance of the speaker. 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt unless otherwise specified. 
3. Potentiometers should have audio taper. 
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25-17 PREAMPLIFIER FOR MAGNETIC PHONOGRAPH PICKUP 
With RlAA EquiJization 

39000 

+..L20 
-1450 V O.I~ 

MD. 

15000 
IW 

-.JVV 
+..L20 
-1450 V 

+250V 

C2 
0.22 
500 V 

~ 
AF OUTPUT 

(LOAD: 
220000 

OHMS MIN.l 

C3 
IBOpf (SEE 

NOTE 
3) 

0.011.. ±5% 
±5%T5OOV 

25 
25V 

J = Input ,onn~ctor, $hielded, for hj~, 
impedance magnetic phono pickup (10 
mV output approx.) 

600V (SEE 
NOTE4) 

Sensitivity = 3 millivolts nns input for output of 0.55 volt at frequency of 1000 cis 

NOkS: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt, ±10% unless otherwise specified. 
3. Value of input resistor depends on type of magnetic pickup used. Follow 

pickup manufacturer's recommendations. 
4. Value shown for capacitor Ca includes capacitance of amplifier output cable. 
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25-17 PREAMPLIFIER FOR MAGNETIC PHONOGRAPH PICKUP (Cont'd) 

This two. stage audio preamplifiPl' 
is intended for use with high-fidelity 
magnetic phonograph pickups. The 
two amplifier stages provide an over­
all circuit gain of approximately 150. 
The 7025 twin triode used in the 
circuit features exceptionally low 
hum and noise and is designed es­
pecially for use in high-fidelity cir­
cuits that operate at low signal 
levels. The preamplifier is ideally 
suited for use as the low-level input 
stage for audio power amplifiers such 
as the 50-watt unit, circuit 25-12. For 
use with audio power amplifiers such 
as the 15- and 30-watt units, circuits 
25-10 and 25-11, which require higher 
input signals, another low-level am­
plifier (e.g., the tone-control ampli­
fier, circuit 25-21) must be inserted 
between the preamplifier and the 
power amplifier to obtain the full 
rated output. The heater and dc 
operating power required for the pre­
amplifier can usually be obtained 
from the power-supply circuit for the 
power amplifier. 

The audio signal from the pho""'­
graph pickup is applied to J, and 
coupled through a length of shielded 
cable to the control grid of the input 
stagt'\ of the preamplifier. The inter­
stage COUpling between· the two am­
plifier sections of the preamplifier 
includes an RIAA equalization net­
work (Ri and C,). This network com­
pensates for the Orthophonic record­
ing chiiracteristic* introduced into a 
record disc by the manufacturer. The 
output from the preamplifier is 
coupled from the plate of the second 
stage by output coupling capacitor 
C. to the input of a tone-control 
amplifier (if used) or directly to the 
input of the power amplifier. Because 
of its relatively high output imped­
ance, the preamplifier is recom­
mended for use in systems in which 
the preamplifier is mounted on the 
same chassis as the power amplifier 
and/or tone-control amplifier. The 
preamplifier may be used at distances 
up to 6 feet from the following am­
plifier provided that the capacitance 

of capacitor C3 is reduced approxi­
mately 30 picofarads for each foot 
of shielded cable used for the audio­
frequency connection between the 
preamplifier and the following ampli. 
fieI'. 

" To achieve wide frequency and dy­
namic ranges, manufacturers of com­
mercial recordings use equipment 
which introduces a non-uniform re­
lationship between amplitude and 
frequency. This relationship is known 
as a "recording characteristic." To 
assure proper reproduction of a high­
fidelity recording, therefore, some 
part of the reproducing system must 
have a frequency-response character­
istic which is the inverse of the re­
cording characteristic. Most manu­
facturers of high-fidelity recordings 
use the RCA "New Orthophonic" 
(RIAA) characteristic for discs and 
the N ARTB characteristic for mag­
netic tape. 
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25-18 HIGH-FIDELITY PREAMPLIFIER FOR TAPE-HEAD PICKUP 

O==:::It=_-=~= 1\ ~ 
CI 

INPUT 0.047 

HI 
IMA 

HS 

22000 

Cs 

He 
3.3 
Mil 

C7: 
25 

CIO 

H/4 

AUXILIARY 
SUPPLY 

> I~ 
0.47 OUTPUT 

(LOAD: SOOOO 
OHMS MIN.) 

Sensitivity = 3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz. 
Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 

2. All resistors 0.5 watt, ±10%, and all capacitors 400 volts unless otherwise 
specified. 
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25-18 HIGH·FIDELITY PREAMPLIFIER FOR TAPE-HEAD PICKUP (Cont'd) 

Circuit Description 

This three-stage preamplifier 
provides the amplification necessary 
to increase the output from a tape­
head pickup to the level required to 
drive an audio power amplifier. The 
circuit uses a 5879 low-noise sharp­
cutoff pentode in a high-gain input 
voltage amplifier, one section of a 
7025 twin triode in a second voltage 
amplifier, and the other section of the 
7025 in a cathode-follower output 
stage. Because of the low-impedance 
cathode-follower output circuit, the 
preamplifier may be installed at dis­
tances up to 50 feet from the follow­
ing stage (tone-control or power 
amplifier) without adverse effect 

upon its frequency-response charac­
teristics. The preamplifier is intended 
for use as the low-level input stages 
for an audio power amplifier, such as 
the 50-watt unit (circuit 25-12) or, 
when followed by another low-level 
amplifier (e.g., the tone-control am­
plifier, circuit 25-21), the 15- or 30-
watt unit (circuit 25-10 or 25-11). 
The heater and dc operating power 
for the preamplifier can usually be 
obtained from the power supply for 
the power amplifier. 

The preamplifier provides an 
over-all circuit gain of 180. An input 
of 3 millivolts rms at the input 
terminals, is amplified by the pentode 

and triode voltage amplifiers to de­
velop an output of approximately 
0.55 volts rms at the cathode of the 
cathode-follower output stage. The 
interstage coupling between the 
pent ode and triode voltage amplifiers 
equalizes the playback frequency 
response of the preamplifier to com­
pensate for the NARTB recording 
characteristic introduced into the 
magnetic tape by the manufacturer. 
(See footnote for circuit 25-17.) The 
output of the preamplifier is coupled 
by capacitor C,O to the input of the 
audio power amplifier or to the input 
of an intermediate tone-control 
amplifier. 

C1 

~ 
~ 
~ 
{fJ 

01 
0) 
I-' 



25-19. PREAMPLIFIER FOR CERAMIC PHONOGRAPH PICKUP 
Cathode Follower (Low-Impedance) Output 

1.8Mb 

0.82 
MSl 

+230-300V 

0.22 
600 V HI 

0.5~>-I 
MSl ) If--'--O 

;J = Input connector, shielded, for high­
impedance ceramic phono piCkup (O.S 
volt output) 

AF OUTPUT 
(LOAD: 
50000 

OHMS MIN) 

Notes:,l. Resistance in ohms and capacitance il\ microfarads unless otherwise specified. 
2. All resistors 0.5 watt· unless otherwise specified. 
3. Potentiometer should have audio taper. 

Circuit Description 

This two-stage preamplifier is 
intended for use with a high-imped. 
ance ceramic phonograph pickup. The 
circuit features a cathode-follower 
(low-impedance) output which makes 
it possible to install the preamplifier 
at distances up to 50 feet from the 
succeeding stage (tone-control or 
power amplifier). The preamplifier 
operates from a dc supply of 230 to 
300 volts and a heater supply of 6.3 
volts. These voltages can usually be 
obtained from the power supply for 
the power amplifier in the audio 
system. 

The preamplifier uses a 7199 
triode-pentode in a high-gain pentode 
input stage and a triode cathode­
follower output stage. These stages 
provide the amplification necessary 
to increase the output from a crystal 
phonograph pickup, applied at J1, to 
the level required to drive an audio 
power amplifier. The output of the 
preamplifier, coupled from the cath­
ode of the 7199 triode section, may 
be applied directly to the power 
amplifier, or to an intermediate tone­
control amplifier. 
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25-20 LOW-DISTORTION PREAMPLIFIER 
For Low-Output, High-Impedance Microphones 

INP; =l--
---I 

2.2 
MSl 

= 

0.1 
Mil 

0.47 
MSl 

0.047 

25 
25V 

40 
450Vl-

0.22 
400V 

OUTPUT 
(LOAD = 
220000 

OHMS MIN.) 

Circuit Description 

This single-stage preamplifier is 
intended for use with a high-fidelity, 
high-impedance crystal or dynamic 
microphone. The circuit uses a 5879 
low-noise sharp-cutoff pentode in a 
conventional amplifier circuit that 
has a high-impedance output, a volt­
age gain of approximately 70, and 
a fiat frequency response over the 
audio range. Because of its high out­
put impedance, the preamplifier 
should be mounted on the same 
chassis as the power amplifier and 
tone-control amplifier (if used). 
Heater and dc power for the circuit 
can be obtained from the power 
supply for the aul;ii9 power amplifier. 

Sensitivity = 3 millivolts rms input for output of 220 millivolts. 

Notes: 1. Resistance in ohms and capacitance in microfarads un­
less otherwise specified. 

2. All resistors 0.5 wall unless otherwise spedfie.J. 
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25-21 BASS AND TREBLE TONE-CONTROL AMPLIFIER 

+.L20 
-1450Y 

0.047 
TYPE 
6EU7 6 

400Y 
0-/(, "I 

INPUT 

0.47 
MSI. 

22000 +250-300 Y 

0.22 
-j( 0 
400V OUTPUT 

TREB 
CONTROL 
0.0022 
400V 

(LOAD; 
100000 
OHMS 

MIN.J 

SensitivUy == 0.5 volt rms input for output of 1.25 volts with controls set for flat 
response. 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt unless otherwise specified. 
3. Potentiometers should have audio taper. 
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25-21 BASS AND TREBLE TONE-CONTROL AMPLIFIER (Cont'd) 

Circuit Description 

This high-fidelity tone-control 
amplifier uses a 7025 low-noise twin 
triode in a two-stage amplifier cascade 
that consists of an input cathode 
follower connected to a triode voltage 
amplifier through a frequency-sensi­
tive (tone-control) interstage cou­
pling network. The bass and treble 
controls in the coupling network can 
be adjusted to provide up to 16 dB 
of boost or attenuation (cut) at 30 
Hz and at 15 kHz. With the bass and 
treble controls set at the mid-range 

positions, the amplifier provides an 
over-all voltage gain of approxi­
mately 2.5, and its frequency re­
sponse is flat within ±ldB from 30 
Hz to 15 kHz. 

The tone-control amplifier is de­
signed for use immediately ahead of 
an audio power amplifier, such as the 
15-, 30-, or 50-watt unit (circuit 25-
10, 25-11, or 25-12, respectively). 
Operating power for the tone-control 
circuit can usually be obtained from 
the power supply for the power am-

plifier. For operating convenience, 
the volume control on the power 
amplifier may be physically located 
on the tone-control chassis. In this 
case, it is advisable to insert a 
I-megohm potentiometer in place of 
the volume control on the power 
amplifier. If partial compensation for 
the reduced high- and low-frequency 
sensitivity of the ear at low volume 
levels is desired, the volume-control 
potentiometer may be replaced by a 
loudness-control potentiometer. 
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25-22 SINE- SQUARE-WAVE AUDIO-SIGNAL GENERATOR 

I. 

BRIDGED-T 
OSCILI.A~ 

22000 

, 1200 
l·r-'VIf'y 
I 
I , 
I 
I 

"'1 --~ I I 
, ~ C" . I L _________ .J 

HOV 

m 
__ SHAPING AMPLIFIERS---.... 

2SOV , 

2800 15000 

~ 

...... '". 
0 
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25-22 SINE- SQUARE-WAVE AUDIO-SIGNAL GENERATOR (Cont'd) 

I, == Lamp, 3 watts, 120 volts 
12 == Pilot lamp, No. 47 
b == Filter choke (reactor), RCA stock 

No. 220215 or equiv. 

S, = Rotary switch; sine-square attenua­
tion selector; 8 positions, 3 waters; 
RCA stock No. 220216 or equiv. 

S2 = Rotary switch; frequency range se­
lector; 4 positions, 2 wafers; RCA 
stock No. 220217 or equiv . 

S, = On-Off switch. 
T, = Power transformer; 117 volts rms, 

60 Hz; RCA slock No. 220214 or 
equiv. 

.. On each range, the frequency of the generator is adjusted by means of a 
variable two-gang capacitor, RCA stock No. 220226 or equiv. 

SWITCH POSITIONS 

S2 Frequeucy Rauge S, Sine/ Square 

I-XI I-Sine XlO 
2-XlO 2-Sine Xl 
3-X100 3-Sine XO.l 
4-XlOOO 4-Sine XO.OI 

Sine-Wave Ontput: 0 to 8 volts rms. 
Square-Wave Output: 0 to 10 volts, peak. 

5-Square XO.01 
6-Square XO.I 
7-Square Xl 
8-Square X10 

Frequency Ranges: 20 to 200 Hz; 200 to 2000 Hz; 2000 to 20000 Hz; 20000 
to 200000 Hz. 

Notes: 1. "Sine-Square Attenuator" S" shown in "XIO" position. 
2. "Freq. Range" selector, S2, shown in "Xl" position. 
3. Resistance in ohms and capacitance in microfarads unless otherwise specified, 
4. DC voltages shown are measured between points indicated and ground with a 

vacuum-tube voltmeter. 

This audio generator is similar to the RCA type WA-44C. 
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25-22 SINE· SQUARE·WAVEAUDIO·SIGNAL GENERATOR (Cont'd) 

Circuit Description 

This audio-signal generator pro­
vides sine-wave or square-wave out­
puts at frequencies from 20 Hz to 
200 kHz. The sine-wave outputs are 
adjustable from 0 to 10 volts rms, 
and the square-wave outputs are ad­
justable from 0 to 10 volts peak. 
The generator also provides a fixed­
frequency (60-Hz) sine-wave output 
that is variable in amplitude from 
o to 6 volts rIDS. The 117-volt, 60-Hz 
ac input power to the generator is 
converted to dc operating power for 
the various circuit stages by a 6X4 
full-wave rectifier circuit. Power for 
the tube heaters is supplied by a 
6.3-volt winding of power trans­
former T,. A panel lamp connected 
across this secondary winding lights 

when ON-OFF switch 88 is closed to 
indicate the application of ac input 
power to the generator. A second 
6.3-volt secondary winding of trans­
former Tl provides the fixed-frequency 
sine-wave output. This 60-Hz signal 
is coupled from the wiper arm of the 
output voltage control connected 
across the 6.3-volt winding. 

The basic excitation in the main 
signal channel of the generator is 
provided by a variable-frequency 
bridged-T type of sine-wave oscil­
lator in which the required amplifica­
tion and switching are provided by 
the pentode section of a 6U8A triode­
pentode. The Frequency-Range selec­
tor 82, a four-position, two-section 
rotary switch, connects the proper 

combination of resistors into the 
bridged-T network to establish the 
desired frequency range for the 
oscillator-20 to 200 Hz (Xl posi­
tion), 200 to 2000 Hz (X10 position), 
2 to 20 kHz (X100 position), or 20 
to 200 kHz (X1000 position). A two­
gang variable (split-stator) capacitor 
Cz provides a vernier control of the 
oscillator frequency on each range. 
Capacitors Cl and C3 are trimmer 
adjustments for the oscillator. 

The sine-wave signal developed 
in the plate circuit of the oscillator 
stage is coupled to the control grid 
of a 6AQ5 pentode amplifier stage 
that provides both plate and cathode 
signals. The cathode signal is the 
sine-wave output of the generator. 
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25-22 SINE- SQUARE·WAVE AUDIO-SIGNAL GENERATOR (Cont'd) 

Circuit Description (Cont'd) 

The plate signal is used to derive the 
square-wave output of the generator. 
The setting of the SINE-SQUARE 
attenuation selector S" an eight­
position three-section rotary switch, 
determines whether the generator 
provides sine-wave or square-wave 
outputs. In addition, the selector pro­
vides four levels of attenuation for 
each type of output, as shown in the 
switch-position chart. 

With the attenuation selector 
set to anyone of the four square­
wave positions, the sine-wave signal 
from the plate of the 6AQ5 stage is 
coupled through the S1.\ section of the 
selector to the shaping amplifiers. 
The shaping amplifiers consist of two 
triode limiters and a pentode cath-

ode-follower output stage in cascade. 
The triode limiters, each of which 
uses the triode section of a 6U8A 
triode-pentode, clip the positive and 
negative peaks of the sine-wave 
input to produce a square-wave 
signal. This signal is applied to the 
control grid of the pentode section 
of the 6U8A triode-pentode used in 
the cathode-follower output stage. 
The resulting square-wave signal de­
veloped across the square-wave out­
put control is coupled from the wiper 
arm of the control through the Sm 
section of the SINE-SQUARE atten­
uation selector to the output attenua­
tion network. If the attenuation 
selector is set to one of the four 
sine-wave positions, no square wave 

is developed, and the sine-wave signal 
from the wiper arm of the sine-wave 
output control is coupled through the 
S'B section of the attenuation selector 
to the output network. 

The output attenuation network is 
a tapped resistive voltage divider 
that provides four output levels with 
the three lower levels successively 
decreased to one-tenth of the next 
higher one. The S'C section of the 
attenuation selector determines the 
tap on the voltage divider from 
which the sine-wave or square-wave 
output is obtained. The sine-wave or 
square-wave OUTPUT control pro­
vides continuous adjustment of the 
output level for any attenuation 
setting. 
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25-23 ELECTRONIC VOLT-OHM METER 
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25-23 ELECTRONIC VOLT-OHM METER (Cont'd) 

CRl = Selenium rectifier, Radio Recep­
tor Co. No. 8YIB or equiv. 

s. = Function selector, !i-position rotary 
switch, RCA stock No. 217923 or 
equiv. M1 = Meter, dc, 0-200 microamperes 

5, = Range selector, 7-position rotary 
switch, RCA stock No. 217924 or 
equiv. 

T1 = Power transformer, 105 to 125 
volts rrns, 50 to 60 Hz, RCA stock 
No. 217921 or equiv. 

Notes: 1. Switches are shown in their maximum counterclock-wise positions (51 = 1.S 
V, R X 1; S. = "OFF"). 

2. Resistance in ohms and capacitance in microfarad unless otherwise specified. 
3. All resistors O.5-watt and all capacitor 40o-volt unless otherwise specified. 

For home construction of this or a similar circuit, the complete Kit-WV-
77E(K) or RCA-WV-98C(K) is recommended because of the large number of 
special components used. 

4. DC voltages shown are measured with respect to circuit ground unless 
otherwise indicated, under following conditions; ac line voltage, 117 volts; 
Function selector S. at "+ DC"; Range Switch 5, at "1500 V." 

SWITCH POSITIONS 

Position Range Selector, St Function Selector, S2 

1 1.5V Rxl 4V OFF 
2 5V Rxl0 14V AC VOLT 
3 15V Rxl00 40V -DC VOLTS 
4 50V Rxl000 140V +DC VOLTS 
5 150V Rxl0,000 400V OHMS 
6 500V Rxl00,OOO 1400V 
7 1500V RxIM 4000V ----
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25-23 ELECTRONIC VOLT·OHM METER (Cont'd) 

Circuit Description 

This electronic volt-ohm meter 
can be used to measure rms values 
of ac sine-wave voltages from 0.1 to 
1500 volts, dc voltages from 0.2 to 
1500 volts, peak-to-peak voltages 
from 0.2 to 4000 volts, and resistances 
froni 0.2 ohms to 1000 megohms. 
Within these over-all limits, a Range 
Selector (S,) can be used to select 
seven different measurement ranges 
for each measurement function, as 
shown in the switch-position chart. 
The mode of operation of the volt­
ohm meter is determined by the set­
ting of the five-position (OFF, AC, 
-DC, +DC, and OHMS) Function 
Selector (S2). A section (S2D) of the 
Function Selector is also used to 
control the application of the 117-
volt, 60-Hz, input ac power. The ac 
input power is converted to dc power 
by the selenium rectifier CR, and 

associated components. A 6.3-volt 
secondary winding of power trans­
former Tl supplies power to the tube 
heaters. A neon lamp connected 
across the primary of power trans­
former T, lights when ac power is 
applied to the. circuit. 

A balanced push-pull dc amplifier, 
which includes a dc microammeter 
connected as part of a dcbridge net­
work between the two plate sections 
of the stage, is used as the basic 
measuring circuit for each measure­
ment function of the volt-ohm meter. 
This circuit has a .linear response, 
excellent stability, and a very high 
input impedance. Calibration adjust­
ments are provided for each mode of 
operation to assure that accurate 
measurements are obtained. If de­
sired, the ZERO ADJ potentiometer 
may be adjusted to provide a center-

scale zero reading on the meter, 
which is useful in discriminator and 
bias voltage measurements. 

For ac voltage measurements, 
Function Selector S2 must be rotated 
to the AC position. The ac voltage to 
be measured, applied between the 
AC-OHMS and COMMON terminals, 
is coupled through contacts 10 and 9 
of SlA to the ac-voltmeter multipliers 
(Rl through R.). The ac voltage from 
one of the taps on the multiplier, as 
determined by the setting of the 
Range Selector (SlA section), is recti­
fied by the 6AL5 twin diode. The 
resultant dc voltage across the recti­
fier bleeder resistors R4 and R5 is 
proportional to the ac voltage from 
the multiplier network. This voltage 
is then coupled through contacts 4 
and 5 of S2B, through one of the 
contacts 4 through 10 (as determined 
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25-23 ELECTRONIC VOLT·OHM METER (Cont'd) 

Circuit Description (Cont'd) 

by setting of Range Selector) and 
contact 1 of SlC, and through contacts 
1 and 2 of SM to the pin 2 control 
grid of the 12AU7A twin triode in 
the balanced dc amplifier. This input 
disturbs the balance of the amplifier 
and a current proportional to the ac 
input flows through the dc micro­
ammeter connected between the 
plates of the 12AU7. The pointer on 
the microammeter is then deflected 
to indicate the value of the voltage 
being measured. 

With the Function Selector ro­
tated to either -DC or +DC, a dc 
voltage being measured is coupled 
through the I-megohm probe, the DC 
VOLTS terminal, and contacts 6 and 
5 of S2B to the dc-voltmeter multi­
pliers (R6 through R12). The I-meg­
ohm resistance of the dc probe 
together with the resistance of the 
multipliers results in an input re-

sistance of 11 megohms for dc volt. 
age measurements. The dc voltage 
from the appropriate tap on the 
multiplier network selected by the 
SiC and Sm sections of the Range 
Selector is coupled through contact 1 
of these switch sections (or contact 
3 of SlC) and contacts 1 (or 3) and 
2 of S2A to the input of the balanced 
dc amplifier. The pointer of the micro· 
ammeter in the balanced amplifier 
is then deflected to provide an indica­
tion of the value of the dc voltage 
being measured. The S2C section of 
the Function Selector reverses the 
connections of the micro ammeter 
when the Function Selector is rotated 
from -DC to +DC so that current 
will flow through the microammeter 
in the same direction regardless of 
whether a negative or positive dc 
voltage is being measured. 

For resistance measurements, 

the Function Selector is rotated to 
the OHMS position, and the external 
resistance to be measured is con· 
nected between the AC-OHMS and 
COMMON terminals of the volt-ohm 
meter. A lo5-volt dry cell then causes 
current to flow through the external 
resistance, through contacts 10 and 
11 of S2.\, and through one of the 
ohmmeter-section multiplier resistors 
(R13 through R19 ), as determined by 
the setting of the Range Selector 
(SlB section). Because the multiplier 
resistance is fixed for each range, the 
voltage developed across the external 
resistance provides an accurate indio 
cation of the value of this resistance. 
This voltage is coupled through con­
tacts 10 and 2 of S2A to the input 
of the balanced dc amplifier. The 
pointer of the microammeter is then 
deflected to indicate the value of the 
resistance being measured. 

n 
~ c: .... 
1-3 
U2 

Ot 
...;J 
~ 



25-24 CATHODE-RAY OSCILLOSCOPE 

X 10. ~~-rrOB~::.:::::::::: 40V 2500 0.82 Mil 3D$V 

DIRECT == . 1800 !BOO 

GND. 
VERTICAL RANGE 10000 

VERTICAL.UjIF 22~ 

INPVT~ St~02 - 5ts 
4-40 

GND. 
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::: tnt· ~ h r- 1M 

CAL-" +--
0.68 a 
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~f ~2400 
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+2001 +,,21 1M ~Ir I :of 0.1 JOF 
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® (lj" "C)@®® 
h = Pilot lamp. No. 47 
L1 = Peaking coil, 20 #H 
L2 L. = Peaking coil, 36 #H (wound on 

10,OOO-ohm, O.S-watt resistor) 
81 =:: Vertical range selector; rotary 

switch; 9 positions, 4 sections; RCA 
stock No. 219199 or equiv. 

8. = Horizontal sweep selector; rotary 
switch; 6 positions, 5 sections; RCA 
stock No. 219200 or equiv. 

82 = Sync selector; double-pole, double­
throw switch; Stackpole Type SS-33 
or equiv. 

8. = On-off switch 
T1 = Power transformer 117 volts, 60 

Hz; RCA stock No. 21~122 or equiv. 
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2§~24 CATHODE·RAY OSCILLOSCOPE (Cont'd) 

o 0 

.22,.F 

~--lf----r .022,.F 

"""-'-;.,'lv..-' 'r" 
"'~~r<> 
~ 

2.7 
M 

3.3 
M 

EXT. SYNC.I 
HINPUT 

1 liT r 
Notes: 1. Resistance in ohms and capacitance in picofarads unless otherwise specified. 

2. For trimmer capacitors, 4 to 40 picofarads,. use Arco· No. 422' or equiv. 
3. DC voltages shown are measured from points indicated to chassis ground with 

a vacuum-tube voltmeter. 

Circuit Description 

For home construction of this clrcnlt, the complete 
kit RCA-Wo-33A (K) is recommended because of 
the large number of special components used. The 
circuit is also available in wired form as the RCA· 
WO-33A. 

This oscilloscope provides a 3· 
inch cathode-ray-tube display of 
voltage waveforms at frequencies 
from 5.5 Hz to 5.5 MHz. It is very 

useful; . therefore, for signal tracing 
and monitoring in the servicing of 
black-and-white and color television 
receivers, AM and FM radio re-

ceivers, hi-fidelity audio systems, and 
other types of electronic equipment. 
The sensitivity of the oscilloscope is 
such that each 0.1 volt rms applied to 
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25-24 CATHODE-RAY OSCILLOSCOPE (Cont'd) 
Circuit Description (Cont'd) 
the vertical-input terminal results in 
a I-inch vertical deflection of the 
electron beam on the 3-inch cathode­
ray-tube screen. The unit operates 
from a 117-volt, 60-Hz ac power line. 
A 6X4 transformer-coupled full-wave 
rectifier circuit converts the ac input 
power to the +320 volts used as the 
main dc supply voltage for the oscil­
loscope. A half-wave rectifier circuit 
that uses a 6C4 triode connected to 
operate as a diode converts the ac 
power developed across a high-volt­
age winding of power transformer 
T, to the -680 volts required for 
operation of the 3AQPl cathode-ray 
tube. A 6.3-volt tap on the high­
voltage winding of T, provides the 
heater power for the 6C4. A 6.3-volt 
secondary winding of T, provides the 
heater power for the 3AQPl cathode­
ray tube, and a center-tapped 12.6-
volt winding supplies heater power 
for the remainder of the tubes in the 
oscilloscope. 

A signal waveform applied to 
the vertical-input terminal is .routed 
through contacts of the S'A section 
of the Vertical Range selector to one 
of the input attenuation networks. 
The S,B section of the Vertical Range 
selector couples the attenuated sig­
Dal waveform from the appropriate 

input network to the input of the 
vertical amplifiers. The SlO and 8m 
sections of the Vertical Range selec­
tor automatically switch the vertical 
amplifiers from wide-band to nar­
row-band operation in the three 
highest - gain (lowest - attenuation) 
positions, as indicated in the switch­
position chart. With the Vertical 
Range selector in the CAL position, 
the vertical-input terminal and input 
attenuation networks are discon­
nected from the vertical amplifiers, 
and an internal calibrating (refer­
ence) voltage, obtained from the 
junction of voltage-divider resistors 
R, and R2, is applied to the input of 
the vertical amplifiers. This calibrat­
ing voltage, the fact that the input 
attenuation networks are voltage cal­
ibrated, and the use of a graph 
screen scaled directly in volts make 
possible the use of the oscilloscope 
as a visual peak-to-peak voltmeter. 

The signal waveform from the 
input attenuation network is ampli­
fied by a two-stage vertical-ampli­
fier cascade that uses a 6BR8 in 
a high-gain pentode input stage and 
a triode voltage amplifier. The out­
put of the triode amplifier drives a 
6BK7 twin triode used in the ver­
tical paraphase amplifier. The 6BK7 

is operated in a push-pull differen­
tial-amplifier configuration to pro­
vide two equal-amplitude outputs 
(one from each plate section) that 
are 180 degrees out of phase. These 
signals are applied to opposite ver­
tical deflection plates of the 3AQPl 
cathode-ray tube to provide the push­
pull vertical deflection of the elec- . 
tronbeam that causes the horizontal 
sweep to track the signal waveform 
applied to the vertical-input termi­
nal. The exceptionally high gain of 
the vertical-amplifier stages make 
the oscilloscope sensitive enough to 
provide useful displays of signals 
from low-level microphones, phono­
graph pickups, and other low-output 
sources. The VERT. CAL. control in 
the cathode circuit of the vertical 
paraphase amplifier adjusts the sen­
sitivity or calibrates the vertical 
amplifier to correspond with the po­
sition of the Vertical Range selector. 

The circuits used to produce the 
horizontal sweep on the oscilloscope 
screen include a horizontal oscillator 
(sawtooth generator) and a horizon­
tal para phase amplifier, each of 
which uses a 12AT7 twin triode. The 
oscillator generates sawtooth wave­
forms, at frequencies from 15 Hz 
to 75 kHz, in four basic ranges. The 
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25-24 CATHODE-RAY OSCILLOSCOPE (Cont'd) 
Circuit Description (Cont'd) 
Sweep Selector S3 connects the prop­
er combination of capacitors into the 
stage for each range. The Sweep 
Vernier control, which overlaps the 
basic frequency ranges, provides 
exact adjustment of the sweep fre­
quency. The oscillator exhibits ex­
cellent stability at high sweep rates, 
has a fast retrace, and provides ade­
quate linearity throughout its over­
all frequency range. With the Sweep 
Selector set to any of the positions 
3 through 6, the sawtooth waveform 
from the oscillator is applied to the 
pin 7 control grid of the 12AT7 
twin triode used in the horizontal 
paraphase amplifjer. The horizontal 
paraphase amplifier, which is essen­
tially identical to the vertical para­
phase amplifier except for significant 
differences in frequency - response 
characteristics, develops two equal­
amplitude sawtooth waveforms that 
are 180 degrees out of phase. These 
waveforms are applied to opposite 
horizontal-deflection plates of the 
3AQI>1 cathode-ray tube to provide 
the push-pull deflection of the elec­
tron beam that results in a linear 
horizontal sweep on the oscilloscope 
screen. 

The horizontal oscillator may be 
synchronized by either internal or 

external signals. With the Sync Se­
lector S2 set to INT, a signal from 
the vertical paraphase amplifier 
(points Al and B1 ) synchronizes the 
oscillator to assure that the start of 
the horizontal sweep is coincident 
with the start of the signal applied 
at the vertical-input terminal. For 
internal-sync operation, the Sync/ 
Phase control at the input of the 
oscillator has its zero setting at the 
mid-range position and may be used 
to adjust both the amplitude and 
phase of the synchronizing voltage 
to lock the oscilloscope pattern to a 
stationary position. With the Sync 
Selector set to EXT, a signal from 
an external source, coupled through 
the EXT. SYNC/H INPUT terminal 
and contacts of S3F (in positions 3 
through 6) is used to synchronize 
the oscillator. For external-sync op­
eration, the Sync/Phase control ad­
justs the amplitude of the external 
synchronizing voltage by normal 
clockwise rotation and the phase con­
trol feature is not provided (center 
position of control is not zero). 

If desired, a signal from an ex­
ternal horizontal oscillator or the 
60-Hz line voltage may be used to 
produce the sweep on the oscillo­
scope screen. With the Sweep Selec-

tor set to either HOR IN or to LINE, 
the horizontal oscillator is discon­
nected from the circuit, and the in­
put to the horizontal amplifier is 
then obtained from either the EXT 
SYNC/H INPUT terminal or the 
center-tapped 12.6-volt heater wind­
ing of power 'transformer T I • 

The three-lead accessory probe 
shown with the circuit schematic 
facilitates the use of the oscillo­
scope. The ground lead of the probe 
is connected to the ground terminal 
of the oscilloscope, and the vertical 
input is then applied through the di­
rect or the X10 attenuation lead. 
When the direct lead is used, the 
signal is applied directly to the ver­
tical-input terminal. When the at­
temiation lead is used, a high-im­
pedance network in the probe is 
connected in series with the test 
point and the vertical-input terminal 
of the oscilloscope. This high-imped­
ance network presents an over-all 
input resistance of 10 megohms and 
an input capacitance of approxi­
mately 10 picofarads to the test cir­
cuit. This high impedance reduces 
circuit-loading effects and permits 
use of the oscilloscope in circuits 
which do not function properly if 
loaded by a conventional oscilloscope. 
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25-25 ALL-PURPOSE POWER SUPPLY 
7i~_ .... 
~ G,:'.~ __ : TO HEATERS 

~o. ~ TO FILTER 
lOR 2 

POWER SUPPLY I 

Circuit Description 
In these power-supply circuits, 

5BC3 and 6X4 full-wave rectifier 
tubes are used to convert ac input 
power to dc output power in various 
combinations of output voltage and 
load current. The 5BC3 tube is a 
directly heated novar type intended 
for use in power supplies for radio 
equipment, television receivers, and 
oth~r applications that have rela­
tively high dc requirements. The 6X4 
tube is an indirectly heated minia­
ture type used primarily in power 
supplies for automobile and ac-oper­
ated radio receivers and,other equip­
ment that have moderate dc require­
ments. 

In each rectifier circuit, the 117-
volt ac input power is applied to the 
primary of a step-up power trans­
iormer T,. The two plate se{,!tionl;l. of 

the rectifier tube are connected to 
opposite ends of the center-tapped 
secondary winding of transformer 
Tlo With respect to the grounded 
center tap, the voltage applied to 
each plate of the rectifier tube, there­
fore, is 180 degrees out of phase 
with that ~pplied to the other plate. 
With an external load connected to 
the rectifier cathode, pulses of cur­
rent flow alternately to one plate 
and then to the other plate for each 
half cycle of the ac input power. 
This 120-Hz pulsating current de­
velops a positive dc voltage across 
the load circuit. 

Removal of virtually all the 
120-Hz ripple component from the 
dc output can be accomplished by 
<:onnection of a suitable filter net­
work between the rectifier output 

TO HEATERS 

! I . .. TO FILTER 
r~ J, 2, OR 3 

POWER SUPPLY 2 

(cathode) and the load circuit. Either 
Filter 1 or Filter 2 provides ade­
quate filtering for the 5BC3 circuit. 
Anyone of the three filter networks 
is satisfactory for use with the 6X4 
circuit. Filter 3 is not recommended 
for use with thf,! 5BC3 circuit be­
cause the use of the two resistors 
R, and R2 in series with the rela­
tively high output results in exces­
sive power loss. 

The chart shown with the recti­
fier circuits lists a wide range of dc 
output voltage obtainable for vari­
ous values of load current. Proper 
selection of power transformer T" 
of the type of filter network, and 
of the values of filter choke L, and 
resistors R, and R. results in the 
desired combination of output volt­
age and current. 
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25-25 ALL-PURPOSE POWER SUPPLIES (Cont'd) ('1 ..... 
~ 
(j 

c::: 
POWER TRANS- CHOKE (Ll) Ct, C. FIL- OUTPUT ..... 

>-3 
SUPPLY FORMER Rt Rs TER VOLTS rnA Ul 

Ff, L, 360 60 -- I Stancor 140 rnA, 7H, 33 ohms 40 /LF 340 80 8+ (5BC3) PC or PM 165 ohms 5W 450 Vdc 320 120 

};* 
8177 Stancor C1421 

C,-'-
C2I (300-0-300) or equiv. 235 60 

FILTER I I or equiv. 2 230 80 

8-
215 120 

450 120 --- I Stancor 200 rnA, 4H, 56 ohms 40 /LF 425 160 
(5 BC3) PC or PM 145 ohms lOW 600 Vdc 410 200 

8412 Thordarson 
L, (400-0-400) 2OC54 310 120 

or equiv. or equiv. 2 300 160 

~ .. 280 200 

* 350 20 
C2 Ff8 2 Stancor 80 mA, 12H, 500 ohms 500 ohms 40 /LF 300 40 

~ I = B-

(6X4) P-6358 375 ohms 5W 3W 450 Vdc 260 60 
(300-0-300) Thordarson 
or equiv. 20C53 250 20 

or equiv. 2 230 40 
220 60 

345 20 
Ff/ R2 3 300 40 

250 60 

265 20 
2 Stancor 80 mA, 12H, 500 ohms 500 ohms 40 /LF 225 40 

(6X4) PM or PC 375 ohms 5W 3W 450 Vdc 190 60 
8419 Thordarson 

B- (240-0-240) 20C53 200 20 
or equiv. or equiv. 2 180 40 

170 60 

260 20 
3 220 40 

180 60 
* Bleeder R.. can be omitted if an external load is permanently connected across the output 
terminals. Bleeder current should be approximately 10 per cent of the load current. 

C1 
-;:J 
~ 



TELEVISION CIRCUITS 

Circuits 25-26 through 25-30 are 
essentially identical to the corre­
sponding circuits in the RCA-KCS-
152 Television Receiver. These cir­
cuits comprise a complete intercar­
rier television receiver with the 
exception of the deflection coils and 
the picture tube. Portions of any 
television receiver, however, are re­
quired to operate over an extremely 
wide range of very high frequencies. 
The construction of such circuits 
requires more than ordinary skill 
and experience and the use of so­
phisticated test equipment (see gen­
eral consideration for the construc­
tion of high-frequency and broad­
band circuits at the beginning of 
this section). Home construction of 
such circuits is not recommended un­
less the builder has had consider­
able experience in this type of work. 

The chassis of circuits 25-26 
through 25-30 are connected to one 
side of the ac line during operation. 
Servicing of these circuits should 

not be attempted by persons not 
familiar with the following precau­
tions necessary when working on this 
type of equipment: 

1. An isolation transformer 
should be inserted between 
the receiver and the ac line 
before any servicing is at­
tempted. 

2. If the receiver must be op­
erated directly from the ac 
supply, the power plug should 
be inserted in the proper di­
rection to connect the chas­
sis to the ground side of the 
ac line. An ac voltmeter 
should be used to measure 
the voltage between the chas­
sis and the power-source 
ground; no voltage reading 
should be obtained. If a read­
ing is obtained, the power 
plug should be reversed and 
another check made for a 
zero reading. 
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25-26 VHF TUNER 
For Black-and-White Television Receiver 

Circuit Description 

This vhf tuner selects the de­
sired vhf frequency channel, ampli­
fies composite video signals in the 
frequency channel selected, and con­
verts the signal frequencies to the 
45.75-MHz picture intermediate fre­
quency and the 41.25-MHz sound in­
termediate frequency used in televi­
sion receivers. When used with a 
uhf tuner, the vhf tuner is operated 
as a two-stage broadband rf ampli­
fier tuned to 44 MHz (center fre­
quency of the if band) and is es­
sentially a pre-if amplifier for the 
television receiver. In each mode of 
operation, the tuner has a band pass 
that is broad enough to pass all the 
video information (including syn­
chronizing and equalizing pulses) 
and the sound information super­
imposed on the video and sound car­
rier frequencies and has sufficient 
selectivity to assure adequate ad­
jacent-channel and image-frequency 
rejection. The +140 volts used as 

the B+ supply for the vhf tuner is 
obtained from the low-voltage power 
supply of the receiver. The heaters 
of the tubes in the circuit are con­
nected in series with those of other 
tubes in the receiver, and power for 
the series heater string is obtained 
directly from the input ac power 
line. 

The antenna used with the vhf 
tuner may be either a 75-ohm mono­
pole, as used with portable receivers, 
or a balanced 300-ohm antenna. A 
balanced 300-ohm antenna system 
can be matched to the unbalanced 
75-ohm tuner input by means of the 
antenna-matching balun T1. A 13-
position channel selector, which con­
sists of several wafer-switch sec­
tions (S1 through S,) mounted on 
a common shaft, establishes the op­
erating frequency of the tuner for 
each of the vhf channels 2 through 
13 or adapts the vhf tuner for opera­
tion with a uhf tuner. With S. set 

to any of the channel positions 2 
through 13, the selected-channel sig­
nal from the vhf tuner is coupled 
through contacts U and 2 ofSm 
and input transformer T2 to the rf 
amplifier, and the input lead from 
the uhf tuner is not connected to 
the vhf circuit. 

The vhf input signals are am­
plified by the 3GK5 high-mu frame­
grid triode used in the rf amplifier 
stage. The Sa section of the channel 
selector connects the appropriate 
combination of the inductors L. 
through L17 into the grid circuit of 
the rf amplifier to tune this stage to 
the desired frequency channel. The 
agc bias voltage applied to the con­
trol grid of the 3GK5 triode auto­
matically controls the gain of the 
rf stage. The bias voltage, which 
varies directly with the amplitude 
of the received signal, is derived by 
a keyed agc amplifier in the televi­
sion receiver. 
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25-26 VHF TUNER (Cont'd) 

TO MONOPOLE ANTENNA (75 OHMS) 

<lJ--'!S;:;;:;r==:~~ 'P:-rr~ 1---l1~ 1 , ·A~ 

CONNECTION 
"...L , .. I I TYPE 

FOR ~H)iI--.., 
J " ... ~ , "--- I I 1126KZ8 

UHF TUNER 
(IF INPUT) 

~- . ",13JU 2 

o 0 

7~O 
o 0 

o 0 

6800 

L 
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I 
I 
I 
I 
I 

I - 1 . I Y ~O<L _ ~ ~O_ _ _ _20_ L _ _ __ . ~ iooo _ -1 fll20.Q..... -1.000 J . 
4700 B+ FOR 5600 ' . 1000 
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25-26, VHF TUNER (Cont'd) 

GIMMICK = Trimmer-capacitor plate 
L1 L2, L, = RF , coilS; with ,two 82-pico. 

farad capacitors, forms high-pass filter 
(antenna input network); RCA Stock 
No. 1,14458 or equiv. 

L< = RF.amplifier grid coil, part of 53 
asseMbly 

1,5 :::: Mb/tr grid coil, part of 52 assembly 
Ls = Interstage coup1irtg coil for rf am· 

plifier and mixer,part of, 52 assembly 
1,7' through LiT := RF-aD1plifier tuning 

<:<1Iils" part of S. assembly 
Lt. through L29 == Mixer tuning coils, part 

Of 5 •. assembly 
L.a =Vanable rf coil; mixer plate tuning 

adjustment; RCA stock No. 112909 or 
equiv; 

L31:::::M choke 

L32 == Variable tf coil; local-oscillator 
tUilifig adjustment for channel 13 

Los through L •• == Local-oscilliitor tuning 
coils (variable coil L"" is tuning. ad· 
justment . for channel 6), part Of 51 
assembly , 

LHi1;;Variabletf coil; firie-tU1lin~v·con~ 
trol; RCA Stock No. tl332J, or e~uiv. 

S1 :::.Local"OScillator section of channel. 
selectOr sWitch; st,\.tor asseinbly, RCA 
StOck No. 11446Z Or equiv., intludts 
16'::al-oscillator tuning COils L,s thrOugh 
L •• 

S2 == Mixer: . section ,of. channel-selector 
switch; ,stator assembly, RCA Stock 
No. 114461 or equiv., includes miXer 
tuning coils L5, 1.6, and L18 through 
L20 

S3 ='= RF amplifier section of channel· 
selector switch; stator assembly, RCA 
Stock No. 114460 or equiv., includes 
rf-amplifier tuning coils L. and L7 
through L17 

S. = VHF-UHF function selector; two· 
section switch ganged with channel 
selectors 51, 52, and 53; RCA Stock 
No. 114185 or equiv. 

T1 = Antenna-matching balun; matches 
300-ohm balanced antenna-lead line 
to 75-ohm unbalanced receiver-input 
line; RCA Stock No. 111973 or equiv.-' 

T2 =< Antenna transformer; RCA Stock 
No. 113195 or equiv. 

Z1 Z2 = Resistance-capacitance network 
(capristor), RCA stock No. 109956 or 
equiv. 

Notes: 1. All switches are ganged together on SaMe shaft and are shown with shaft in 
channel 13 pOSition. 

2. Resistance values in ohms and capacitance values in picofarads, unless other· 
wise specified. 

3. All resistors 0.5 watt ±10% and all capacitors 500 volt unless otherwise 
specified. . 

4. Voltages shown are obtained with no signal input. 
5. For dc voltage and heater supply, see circuit 25-30, page 596. 
6. See additional notes on page 580. 

Circuit Description (Cont'd) 

The output of the rf amplifier is 
coupled through a resonant imped­
ance network to the control grid of 
the 6KZ8 pentode section used in the 

mixer stage. Section So of the ganged 
channel selector selects the proper 
combination of the inductor L i • 

through b to tune the mixer input 

circuit to the same operating fre­
quency as that of the rf amplifier. A 
signal from the plate of the 6KZ8 
triode section used in the local-oscil-
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25-26 VHF TUNER (Cont'd) 

Circuit Description (Cont'd) 

lator stage is also applied to the 
input circuit of the mixer. Section S, 
of the channel selector connects the 
right combination of the inductors L •• 
through L.. into the oscillator res­
onant circuit to maintain the operat­
ing frequency of the oscillator at 
42.25 MHz above the video carrier 
frequency of the vhf channel selected 
by the tuner. Inductor L" in the 
series-resonant feedback circuit of 
the os.cillator is the fine-tuning ad­
justment for the vhf tuner. This 
adjustment assures that the oscilla­
tor frequency accurately tracks the 
input tuning in each channel. 

The signals from the rf am­
plifier and the local oscillator are 
heterodyned in the mixer stage to 
produce the 45.75-MHz amplitude­
modulated and 41.25-MHz frequen-

cy-modulated difference frequencies 
used as the picture and sound inter­
mediate frequencies, respectively, in 
the television receiver. The picture 
and sound if signals are coupled from 
the plate of the mixer to the if stages 
of the receiver. 

When the multiple-section chan­
nel selector is rotated to the U posi­
tion (for uhf operation), a connec­
tion from the B + line of the vhf 
tuner through a 5600-ohm dropping 
resistor, contacts 4 and 10 of S4A, 
and a 4700-ohm dropping resistor 
provides the B + voltage for the uhf 
tuner. In addition, transformer T2 , 

which provides the input to the rf 
amplifier, is connected through con­
tacts 2 and 13 of Sm to the output 
of the uhf tuner, and the signal from 
the vhf antenna is shorted to ground 

through contacts U and 12 of S'A. 
The input to the rf amplifier is then 
the amplitude-modulated 45.75-MHz 
picture if and frequency-mc;>dulated 
41.25-MHz sound if signals from the 
uhf tuner. 

In the U positions, switch sec­
tions S8 and S2 select the tuning in­
ductors required for operation of the 
rf amplifier and mixer stages as 
broadband 44-MHz amplifiers, and 
section S, disables the oscillator 
stage by connection of the oscillator 
control grid directly to ground 
through switch contacts 2 and U. 
With these changes, the vhf tuner 
essentially becomes a broadband 44-
MHz amplifier which provides two 
stages of amplification of the picture 
and sound if signals ahead of the re­
ceiver main if strip. 
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25-27 VIDEO IF AMPLIFIERS AND SOUND-CHANNEL CIRCUITS 
For Black-and-White Television Receiver 

Circuit Description 

These circuit stages are typical 
of those used in the if and audio 
channels of any intercarrier type of 
black-and-white television receiver. 
The over-all circuit operates from a 
dc supply of +150 volts obtained 
from the receiver low-voltage (B +) 
dc power supply. The heaters of the 
tubes in the circuit are connected in 
series with those of tubes in other 
sections of the receiver. Operating 
power for the series heater string 
is obtained directly from the 117 -volt 
ac power line. 

The input from the vhf tuner con­
sists of amplitude-modulated 45.75-
MHz picture if signals and frequen­
cy-modulated 41.25-MHz sound if 
signals. This composite input is cou­
pled by a broadly tuned bandpass 
filter network to the control grid of 
the 4.JD6 remote-cutoff pentode used 
in the first picture if amplifier. A dc 

bias voltage proportional to the in­
put signal from the agc amplifier 
is also applied to the control-grid 
circuit to provide automatic gain 
control of this stage. The output of 
the first picture if amplifier is cou­
pled by the single-tuned transformer 
T, to the control grid of the 4JC6 
pentode used in the second picture 
if amplifier. The double-tuned trans­
former T2 couples the output of this 
stage to the video detector (CR, 
and associated components). The in­
put filter network and picture if 
transformers T, and T2 are stagger 
tuned to obtain the broad response 
for the if amplifiers required to as­
sure adequate passage of both the 
45.75-MHz video and 41.25-MHz 
sound if signals. 

The video detector demodulates 
the 45.75-MHz picture if signal, and 
the resultant video signal is coupled 

through inductors L5 and L7 and the 
lower winding of transformer T3 to 
the video amplifier (shown in cir­
cuit 25-28). The video detector also 
operates as a second mixer circuit. 
The 45.75-MHz picture if signal and 
the 41.25 sound if signal are hetero­
dyned to produce a second sound if 
carrier of 4.5 MHz. This 4.5-MHz 
second sound if carrier is still fre­
quency-modulated by the audio com­
ponents contained in the original rf 
signal input at the receiver antenna. 
The sound-takeoff transformer Ts, 

which forms a selective load imped­
ance for the detector circuit at 4.5 
MHz, couples the 4.5-MHz sound if 
signal to the control grid of the 
pentode section of a 6GH8A triode 
pentode used in the sound if ampli­
fier. The amplified if signal from 
this stage is coupled by the doubled­
tuned 4.5-MHz transformer T. to the 
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25-27 VIDEO-IF AMPLIFIERS AND SOUND-CHANNEL CIRCUITS (Cont'd) 

IF INPUT 
FROM V=if0 

= L, 

AGe VOLTAGE ..... ~~--......I 
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2NOPIX ........ ---VIDEOOET. L5 I 

IF AMPI..IFI.:." I .. eR! ""m"---l 

,~ ,.:t ~ 16 36f'H ! 
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0.001 
f'F 

= I __________ J 

14QV 
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-'m"-
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25-27 VJDEO·IF AMPLIFIERS AND SOUND-CHANNEL CIRCUITS (Cont'd) 

CR, = Video detector, crystal diode, 
RCA Stock No, 112524 or equiv. 

Ll = RF coil, RCA Stock No. 114315 or 
equiv. 

L2 = RF coil, RCA Stock No. 114314 
or equiv. 

b = RF coil. 47.25-MHz trap RCA 
Stock No. 113097 or equiv. 

I" = RF coil, RCA Stock No. 113097 
Of equiv. 

L; = Video-detector peaking coil, 36 I'H. 

RCA Stock No. 109758 or equiv. 
L. = Video-detector peaking coil, 560 

.uH, RCA Stock No. 114488 or equiv. 
L, = Filter choke (reactor), 2.7 I'H, RCA 

Stock No. 107463 or equiv. 
T, = First pix if transformer, RCA Stock 

No. 109158 or equiv. 
T2 = Second pix if transformer, RCA 

Stock No. 114317 or equiv. 
T" = Sound take-off transformer, 4.5-

MHz, RCA Stock No. 114489 or 

equiv. 
T, = Sound if transformer (includes prI­

mary and secondary capacitors), RCA 
Stock No. 104137 or equiv. 

T5 = Sound deteclor resonant circuit (in­
cludes 10-pF capacitor), RCA Stock. 
No. 109948 or equiv. 

T. = Audio output transformer, matches 
speaker voice-coil impedance to tube 
plate load, RCA Stock No. 114490 or 
equiv. 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt unless otherwise specified. 
3. Voltages shown are obtained with no signal input. 
4. For dc voltage and heater supply, see circuit 25-30, page 596. 
5. See additional notes on page 580. 

Circuit Description (Cont'd) 

6HZ6 audio detector-amplifier stage. 
This stage demodulates the 4.5-MHz 
sound if signal and amplifies the re­
sultant audio signal voltage. The 
+250 volts used as the plate supply 
for the 6HZ6 is obtained from the 
horizontal output stage (shown in 

circuit 25-29) of the receiver. 
The audio-signal power required 

to drive the speaker is developed by 
a 12FX5 pentode used in a single­
ended audio output stage. The audio­
signal voltage from the plate of the 
audio detector-amplifier is amplified 

by the 12FX5 and coupled by trans­
former T" to the voice coil of the 
speaker. The volume-control poten­
tiometer in the input circuit of the 
output stage provides manual ad­
justment of the sound level from the 
speaker. 
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25-28 VIDEO, AGC, AND SYNC AMPLIFIERS 

18000 
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For Black-and-White Television Receiver 
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25-28 VIDEO, AGCI AND SYNC AMPLIFIERS (Cont'd) 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt unless otherwise specified. 
3. Voltages shown are obtained with no signal input. 
4. For de voltage and heater supply. see circuit 25-30, page 596, 
5, See additional notes on page 580. 

Circuit Description 

This circuit shows video, agc, 
and sync amplifiers for a black-and­
white television receiver. The video 
and sync amplifiers operate from a 
plate supply (B +) voltage of 150 
volts obtained from the receiver low­
voltage power supply. The plate sup­
ply voltage for the agc amplifier is 
a positive keying pulse from the 
high-voltage transformer in the re­
ceiver. The heaters of the three tubes 
are connected in series with those 
of tubes in other sections of the re­
ceiver. Operating power for the se­
ries heater string is obtained di­
rectly from the ac power line. 

In the video amplifier, the pen­
tode section of an llLQ8 triode-pen­
tode provides the required amplifica-

tion of the video signal. The video 
signal is coupled from the video 
detector to the control grid of the 
video amplifier. The output from 
the voltage divider in the plate cir­
cuit of this stage is applied to the 
cathode of the picture tube to in­
tensity-modulate the electron beam 
during its vertical and horizontal 
scanning of the picture-tube screen. 
The contrast control adjusts both 
the amplitude of the video output 
and the dc potential at the cathode 
of the picture tube to control picture 
contrast. The voltage-divider net­
work in the plate circuit of the video 
amplifier is interconnected with an­
other voltage-divider network. This 
second network includes the bright-

ness control and the width control 
in the screen-grid circuit of the re­
ceiver horizontal-output tube (shown 
in circuit 25-29). The brightness con­
trol adjusts the cathode bias on the 
picture tube to control the intensity 
of the screen display. 

An output from the video am­
plifier is also applied to the control 
grid of the llLQ8 triode section used 
in a keyed-age amplifier stage. The 
operation of the age amplifier is 
gated (keyed) by a positive pulse 
from the high-voltage power trans­
former (shown in circuit 25-29). 
This 450-volt keying pulse, which is 
synchronized with the video signal, 
overcomes the bias provided by the 
150 volts applied to the cathode cir-
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25-28 VIDEO, AGC, AND SYNC AMPLIFIERS (Cont'd) 

Circuit Description (Cont'dl 
cuit and serves as the plate supply 
voltage for the agc amplifier. Por­
tions of the video signal that occur 
coincident with the keying pulse are 
amplified by the agc stage. A 0.1-
microfarad capacitor and a 0.82-
megohm resistor in the plate circuit 
of this stage filter out the pulsating 
components to obtain a negative dc 
voltage proportional to the video sig­
nal and thus to the rf input at the 
receiver antenna. The negative volt­
age developed in the plate circuit of 
the stage is applied as agc bias to 
the first picture if amplifier and to 
the rf amplifier in the vhf tuner. 

Synchronizing pulses are in­
cluded in the video signals trans­
mitted by a television broadcast sta" 
tion to provide timing information 
required for synchronization of the 
transmitter and receiver scanning 
systems. The sync amplifier, or sep­
arator, separates and amplifies the 
synchronizing pulses contained in 
the composite video signal it re­
ceives from the plate circuit of the 
video amplifier. The circuit uses the 
triode section of a 6GH8A triode­
pentode to develop the synchronizing 
pulses for the vertical- and hori­
zontal-deflection circuits of the re-

ceiver. The sync amplifier is basi­
cally a class C limiter stage. With 
the video signal applied, the stage 
is biased beyond cutoff by the grid­
leak bias network formed by the 
470-picofarad capacitor and the 0.68-
megohm resistor in the control-grid 
circuit. Only the sync pulses in the 
composite video signal have suffi" 
cient amplitude to drive the sync 
amplifier into conduction. The result­
ant pulses developed across the out­
put voltage-divider network are used 
as the synchronizing inputs to the 
horizontal- and vertical - deflection 
circuits. 
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25-29 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS AND 
HIGH-VOLTAGE RECTIFIER 

For Black-and-White Television Receiver· 

Circuit Description 

These circuits develop the ver. 
tical and horizontal scanning signals 
and the dc operating potentials for 
the picture tube (RCA Type 16BGP4) 
used in the black-and-white televi­
sion receiver and the boosted B + 
voltage (+250 volts) used in the au" 
dio detector-amplifier (part of cir­
cuit 25-28). The circuits operate from 
a dc supply of 150 volts. With the 
exception of the IG3GT (or IB3GT) 
high~voltage rectifier tube, the heat­
ers of the various tubes are con­
nected in series with those of tubes 
in other sections of the receiver and 
are supplied by the input ac power 
line. Heater power for the IG3GT 
(or IB3GT) is provided by a 1.25-
volt winding of the high-voltage 
tarnsformer T1 • 

The vertical- and horizontal­
deflection circuits are synchronized 
by negative signals from the sync 
amplifier (separator) which include 
horizontal sync pulses, equalizing 

pulses, and vertical sync pulses. 
When the composite video signal is 
generated at the television broadcast 
station, the leading edge of each 
horizontal sync pulse, of alternate 
equalizing pulses, and of alternate 
serrations of the vertical sync pulses 
are correctly timed. to initiate the 
horizontal-retrace period. It is neces­
sary, therefore, to extract the lead­
ing-edge components from the com­
bined sync waveform prior to appli­
cation of the synchronizing input to 
the horizontal-deflection circuit. Sim­
ilarly, the vertical sync pulses must 
be separated from the combined 
waveform before they can be used to 
synchronize the vertical - deflection 
circuit. 

The combined sync waveform is 
differentiated at the input to the 
horizontal~deflection circuit to obtain 
negative and positive voltage spikes 
which correspond to the leading and 
lagging edges, respectively, of the 

rectangular sync pulses. The ampli. 
tude of these voltage spikes is de­
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses, and, with 
the exceptions of the serrations, the 
vertical sync pulses do not affect the 
operation of the horizontal-deflec­
tion circuits. The leading edge of al­
ternate serrations, however, corre­
sponds to the start of horizontal­
retrace periods and thus may be con­
sidered as merely another horizontal 
sync signal. 

The differentiated sync wave­
form is applied to the junction of 
the twin silicon diodes SR used in 
a phase-discriminator network. The 
positive portion of the differentiated 
waveform has no effect on the dis­
criminator network. The negative 
portion is compared with a feedback 
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··25-29 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

VE~i~~ALO ~A oJ39 ! O~ 
INPUT 

12000 33000 4700 ISOpF 

TO WIPER ARM OF r-4~ ~ +B 
BRIGHTNESS CONT.ROL I Oill5 ~ :1:gVV 

I$)V 

HORIZ~ 
SYNC. 
INPUT· 

o 

1~8PF 
QJ5MA 039MA 

l.TP 

j---r---, 
r L_-SIi"--

IMA 

I~~O 

15000 

HOIIIZ. 
OSC. 

0.00331-
10056 

"'NIr---i~ 
0.0033 

0.82M!} 

2.2MA 
J\N\r-

390 168 
pF TPF ~47 

HORIZ.OUTPUT 

47000 

TO 

~~T IVERT.OSC. 

004722000 

BRIGHTNESS CONTROL oj-2SOV 

27000 
:820 

TO%~ONO.l 

PICTURE TUBE 

lV~T. OEFL. 
COILS 

I' O+I~V 

en co 
~ 

~ 
C 
> 
~ ; 
~ 

i 
~ 
> 
Z 

~ 



25-29 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont~d) 

Ll == Oscillator coil, RCA Stock No. 
114486 or equiv. 

Lz Ls == RF chokes (reactors), 8.2 JlH. 
RCA Stock No. 107385 or equiv. 

PC == Printed circuit (includes O.OOI-JlF 

and 0.0024-JlF capacitors and 68000-
ohm resistor). RCA Stock No. 114506 
or equiv. 

SR == Selenium rectifier, RCA Stock No. 
109474 or equiv. 

Tl == High-voltage and horizontal-output 
transformer, RCA Stock No. 114498 
or equiv. 

Tz == Vertical-output transfarmer, RCA 
Stock No. 114502 or equiv. 

Notes: 1. Resistance ill ohms and capacitance in microfarads unless otherwise specified. 
2. All resistors 0.5 watt unless otherwise specified. 
3. Voltages shown are obtained with no signal input. 
4. For de voltage and heater supply, see circuit 25-30, page 596. 
5. See additional notes on page 580. 

Circuit Description (Cont'd) 

signal from the horizontal oscillator 
to derive the synchronizing voltage. 
The frequency of the horizontal os­
cillator and· the repetition rate of 
the horizontal sync pulses . should 
both be 15;750 Hi, the desired hori­
zontal scanning rate for the picture 
tube. If the feedback signal from the 
oscillator does not occur coincident 
with the horizontal sync pulse, the 
phase discriminator develops a dc 
error voltage at the control grid of 
the input section of the 8FQ7 twin 
triode used in the oscillator stage. 
The resultant change in oscillator 

bias shifts the phase of the oscilla. 
tor signal until it is locked in phase 
with the horizontal sync pulse. 

The horizontal oscillator is bas­
ically a cathode-coupled multivibra­
tor that free-runs, in asymmetrical 
half cycles, at a frequency of 15,750 
Hz. A parallel LC circuit connected 
in series with the plate of the input 
section resonates at 15,750 Hz to pro­
vide frequency stabilization for the 
horizontal oscillator. The HOLD con­
trol adjusts the basic l11ultivibrator 
frequency to achieve an exact lock-

in with the horizontal sync pulses. 
In a cathode-coupled multivibrator, 
one amplifier section conducts at sat­
uration and the other section is cut 
off during one half~cycle of opera­
tion, and these states are automat­
ically reversed for the next half cy­
cle. Such circuits normally provide 
rectangular-wave outputs from each 
plate section that are 180 degrees 
out of phase and that switch be­
tween the saturation plate voltage 
and B+ (i.e., the cutoff plate volt­
age). 

o 
~ 
c:: ..... 
>-3 rn 

(:'il 
e!:> 
CI:> 



25-29 VERTICAL· AND HORIZONTAL·DEFLECTION CIRCUITS 
AND HIGH·VOLTAGE RECTIFIER (Cont'd) 

Circuit Description 

In the horizontal oscillator a 
series RC network is connected in 
parallel with the output tube section. 
Because of this network, the plate 
voltage does not immediately rise 
to the B + value when the output 
tube section is cut oft'. Instead, there 
is a small immediate rise in plate 
voltage that results from the voltage 
drop across the resistor in the out­
put RC network produced by the 
initial charging current to the ca­
pacitor. The plate voltage then rises 
gradually at a rate determined by the 
long-time-constant circuit through 
which the capacitor is charged. Be­
fore the capacitor can fully charge 
to the B+ voltage, the combination 
of the h!,)rizontal sync input and the 
feedback signal from the plate of 
the output section of the oscillator 
drives the grid of the hiput section 
below cutoff. The instantaneous rise 
in the plate voltage of the input sec­
tion is coupled to the grid of the 
output section and causes this sec-

tion to conduct. The capacitor in the 
output RC network is then quickly 
discharged through the series resis­
tor and the relatively low resistance 
of the output tube section. The out­
put of the horizontal oscillator, there­
fore, is a trapezoidal voltage wave. 
The rising-slope portions of this 
wave (obtained when the output tube 
section is cut off) correspond to the 
horizontal-trace period on the pic­
ture tube; the discharge portion of 
the trapezoidal wave corresponds to 
the retrace period. The time-constant 
coupling circuits between the input 
and output sections of the oscillator 
are designed so that the retrace pe­
riod represents only about 5 to 10 
per cent of the over-all oscillator 
cycle. 

The trapezoidal voltage wave is 
coupled to the control grid of the 
22JU6 pentode horizontal- output 
stage and causes a sawtooth current 
to flow through the high-voltage 
(flyback) transformer T, and through 

the horizontal-deflection coils of the 
picture tube. The gradually rising 
portion of the sawtooth current 
causes the horizontal scanning of 
the picture tube; the more rapid 
negative-slope portion of the cur­
rent wave causes the retrace. During 
the retrace period, the picture-tube 
screen is blanked by a negative pulse 
applied to the control grid of the 
picture tube from the vertical-deflec­
tion circuits. The WIDTH control in 
the screen grid of the horizontal­
output stage adjusts the gain of this 
stage to control the width of hori· 
zontal scanning. 

The vertical oscillator employs 
a 15KY8 triode-pentode in a basic 
plate-coupled multivibrator configu­
ration. This free-running 60-Hz mul­
tivibrator is synchronized by the ver­
tical sync pulses. The vertical pulses 
are separated from the combined 
sync waveform by integration of the 
combined waveform across the 0.022-
microfarad capacitor in the control-
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25-29 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

Circuit Description (Cont'd) 

grid circuit of the pentode output 
section of the multivibrator. The in­
tegrating network has negligible 
response for the narrow horizontal 
sync and equalizing pulses, but re­
sponds to the greater energy in­
cluded in the much wider vertical 
sync pulses to develop a triangular 
voltage wave at the control grid of 
the pentode output section. The 
VERT LIN potentiometer adjusts 
the charging period of the integrat­
ing capacitor to control vertical 
liearity. The VERT HOLD adjusts 
the frequency of the multivibrator 
to achieve an exact lock-in with the 
vertical sync pulses. 

The voltage waveform at the 
control grid of the pentode output 
section results in a triangular wave 
of current through the vertical-out­
put transformer T, and through the 
vertical-deflection coils of the picture 
tube. The rising portion of the tri­
angular current wave produces the 
vertical scanning, and the decreasing 
portion of the wave provides the 

retrace. Blanking pulses to cut off 
the picture tube during vertical and 
horizontal retrace periods are cou­
pled from the secondary of To and 
from the VERT LIN potentiometer 
(combined sync waveform before in­
tegration) to the control grid of the 
picture tube. 

The 1G3GT (or IB3GT) half­
wave rectifier circuit develops the 
dc operating voltages for the picture 
tube. The ac input power to the 
rectifier is supplied by the horizon­
tal-deflection circuits. The sudden 
cutoff of plate current in the hori­
zontal-output stage at the beginning 
of the retrace period causes a very 
large, positive-going voltage pulse 
to be generated across the high­
voltage transformer T1• The recti­
fier converts this voltage pulse to a 
dc output voltage of approximately 
18,000 volts, which is applied to the 
inner coating of the picture tube. 
Removal of negative overshoots that 
would be developed across the high­
voltag'e transformer because of a 

flywheel effect is accomplished by 
connection of a rectifier (damper) 
tube across the horizontal-deflection 
coils which are in parallel with the 
lower tapped section of the high­
voltage transformer. The polarity of 
the damper tube is such that the 
positive pulse developed across the 
high-voltage transformer causes no 
current flow through it. For nega­
tive pulses, however, the damper 
tube provides a low-impedance path 
for the current, and energy stored 
in the horizontal-deflection coils dur­
ing the preceding half-cycle is dis­
sipated as heat at the damper-tube 
plate to prevent oscillation in the 
coils. The current through the damp­
er tube develops a dc voltage of 450 
volts across the 0.027-microfarad ca­
pacitor in the cathode circuit. The 
0.68-megohm dropping resistor re­
duces this voltage to obtain the 
boosted B + of 250 volts required for 
operation of the audio detector-am­
plifier (part of circuit 25-27). 
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25-30 LOW-VOLTAGE AND HEATER SUPPLY 
For Black-and-White Television Receiver 

INTERLOCK BH+150V! 

0--« ......---; 
1I1VAC I _0 --<0---0--<}l.0.22 ;_~~~~~~~-,~~-r __ ~~F,~/~£~2~~ ____ ~j33~0~ .• IW 

+140V 
lO.091. (B+ FOR VHF TUNER) 

Ll = RF choke, part of heater printed­
circuit bond, RCA Stock No. 114499 
or equiv. (includes two O.OOI-}LF capa­
citors) 

L2 == Filter choke (reactor), RCA Stock 

No. 114501 or equiv. 
Lo = RF choke for VHF tuner filament 

W circuit 
Resistor·fuse = 0.35-ohm, RCA Stock 

No. 114481 or equiv. 

SR = Silicon rectifier, Type IN3194 
Thermistor (T) = Surge-protection resis­

tor, 16 ohms (cold), RCA Stock No. 
114480 or equiv. 

Notes: 1. Resistance in ohms and capacitance in microfarads unless otherwise specified. 
2. See additional notes on page 580. 
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2.5-30 LOW-VOLTAGE AND HEATER SUPPLY (Cont'd) 

Circuit Description 
This circuit includes the low­

voltage (+150-volt) dc power sup­
ply and the series heater connec­
tions for circuits 25-26 through 25-
29. As mentioned previously, the 
power supply and these four cir­
cuits comprise a complete black-and­
white television receiver, with the 
exception of the picture tube and 
the vertical- and horizontal-deflection 
yokes. 

The power supply is a half-wave 
type which uses alN3194 silicon 
rectifier. The 117 -volt ac input is 
connected to the power supply 
through an interlock, S" which may 
be mounted on the back cover of 
the receiver. AC input power is then 
automatically disconnected from the 
receiver when the back cover is re­
moved. ON-OFF switch So controls 
the application of ac power to the 
power-supply circuit and to the tube 
heaters. With S, and S, both closed, 

the 117-volt power from the ac pow­
er line is applied to the series heater 
network and to the lN3194 rectifier 
circuit. Two O.OOl-microfarad and 
two 680-picofarad bypass capacitors 
and rf chokes L, and La are included 
in the heater circuit to filter out any 
stray high-frequency signals that 
may be coupled from the rf and if 
signal channels. 

The 117 -volt ac input is con­
verted to pUlsating dc by the lN3194 
silicon rectifier. A capacitor-input, 
pi-type LC filter network filters the 
rectifier output to obtain a smooth 
dc voltage that approaches the peak 
value of the input acvoltage. The 
680-picofarad capacitor in parallel 
with the lN3194 rectifier and the 
thermistor in series with it provide 
surge-current protection for the rec­
tifier. Initial surges of current that 
may result when power is first ap­
plied to the circuit (before a charge 

is developed across the input filter 
capacitor) are partially bypasSed by 
the 680-picofarad capacitor and are 
limited in magnitude by the cold 
resistance of the thermistor. The 
thermistor has a negative tempera­
ture coefficient of resistance, and by 
the time the charge of the input 
capacitor builds up sufficiently to 
limit the current through the recti­
fier to a safe value, the resistance 
of the heated thermistor is small 
enough so that circuit power losses 
across this device are negligible~ The 
resistor·fuse element in series with 
the lN3194 rectifier provides pro­
tection against any continuous Cir­
cuit overload. The +150-volt output 
from the power-supply filter network 
is used as the main B + voltage for 
the television receiver. The 330-ohm, 
i-watt dropping resisto:r at the out­
put of the filter network reduces this 
voltage to the +140 volts required 
as the B + voltage in the vhf tuner. 
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RCA Technical Publications 
on Electron Tubes, Semiconductor Products, 

and Batteries 

COPlES of the publications listed 
below may be obtained from your 

RCA distributor or from Commercial 
Engineering, Radio Corporation (}f 
America, Harrison, N. J. 

Electron Tubes 

• RCA ELECTRON TUBE HANDBOOK 
-HB-3 (7%" x 5%"). Five 2IA-inch­
capacity binders. Contains over 7500 
pages of looseleaf data and curves on 
RCA receiving tubes, transmitting tubes, 
cathode-ray tubes, picture tubes, photo­
cells, phototubes, camera tubes, ig­
nitrons, vacuum gas rectifiers, traveling­
wave tubes, premium tubes, pencil 
tubes, and other miscellaneous types 
for special applications. Available on 
sUbscription basis. Price $20.00* includ­
ing service for first year. Also available 
with RCA Semiconductor Products 
Handbook HB-I0 at special combina­
tion price of $25.00.* 

• RADIOTRON' DESIGNER'S HAND" 
BOOK-4th Edition (8%" x 5W')-
1500 pages. Comprehensive reference 
covering the design of radio and audio 
circuits and equipment. Written fOf' 
the design engineer, student, and ex­
perimenter. Contains 1000 illustra­
tions, 2500 references, and cross­
referenced index of 7000 entries. 
Edited by F. Langford~mith. Price 
~7.00.*t 

• RCA PHOTOTUBE AND PHOTOCEll 
MANUAL-PT·60 (8'4" x 5%")-192 
pages. Well-illustrated informative man-, 
ual covering fundamentals and operat­
ing considerations for vacuum and gas 
phototubes, multiplier phototubes, and 
photocells. Also describes basic appli-

cations for these devices. Features easy­
to-use selection chart for multiplier 
phototubes. Data and performance 
curves given for o'vcr 90 photo-sensitive 
devices. Price $1.50. *t 

• RCA TRANSMITTING TUBEs.-.-TT-5 
(81,4" x 5%")-320 pages. Gives data 
on over 180 power tubes having plate­
input ratings up to 4 kw and on as­
sociated rectifier tubes. Provides basic 
information on generic types, parts 
and materials, installation and applica­
tion, and interpretation of data. Con-. 
tains circuit diagrams for transmitting 
and industrial applications. Features 
lie-flat binding. Price $1.00.*t 

• RCA INTERCHANGEABILITY DIREC­
TORY OF INDUSTRIAL-TYPE ELECTRON 
TUBES-ID-I020-G (10Ys" x 8%")-12 
pages. Lists more than 2500 basic type 
designations for 22 classes of industrial 
tube types; shows the RCA Direct Re­
placement Type or the RCA Similar 
Type, when available. Single copy 1r~e 
on request. . 

• RCA INDUSTRIAL RECEIVING-TYPE 
TUBES-RIT 104E (10Ys" x 8¥s")-32 
pages. Concise technical data on 225 
types used in military, industrial, and 
commercial equipment. Includes appli­
cation guide, chart of prototype versus 
similar RCA industrial types, inter­
changeability list of domestic versus 
RCA replacements, terminal diagrams, 
and socket and connector information. 
Price 30 cents. ( • 

• RCA RECEIVING TUBES AND PIC­
TURE TUBES--1275M (1OYs" x 8%") 
-56 pages. New, enlarged, and up-to­
date booklet contaim classification chart, 
application guide, characteristics chart, 
and base and envelope connectiondia-
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grams on more than 1300 entertainment 
r~eiving tubes and picture tubes. Price 
40 cents. *t . 

• RCA INTERCHANGEABILITY DIREC­
TORY OF FOREIGN vs. U.S.A. RECEIV­
ING·TYPE 'ELECTRON' TUBES:-ERT. 
197E (8%" x 10"MI")-8 pages. Covers 
approximately 800 foreign tube types 
used principally in AM and FM radios. 
TV receivers, and audio amplifiers. In­
dicates U.S.A. direct replacement type 
or similar type if available. Price 10 
cents.· 

• RCA PHOTOCELLS:-CSS-800 ( 1 O"MI" 
x 8%")-36 pages. Contains a se­
lection of photocell-circuit diagrams; 
technical data and characteristic curves 
of RCA photoconductive, photojunc­
tion, and photovoltaic cells; interchange­
ability information. Also contains rep­
resentative circuits. Price 40 cents.·t 

• RCA NUVISTOR TUBES FOR INDUS­
TRIAL AND MILITARY A~PLlCATIONS 
-lCE-280 (l0"MI" x 8%")-16 pages. 
Describes unique features of. nuvistors 
and includes tabular data, dimensional 
outlines, curves, terminal diagrams, and 
socket information. Price 25 cents. '" t 

• RCA COMMAND TUBES-RIT-105-
36 pages. Detailed technical data for 
six "command" types including types 
12AT7WA, 5654, 5670, 5751, 5814A, 
and 6136. These types are inter:ded for 
use in critical industrial, aircraft, and 
other equipment requiring exceptional 
stability and reliability under ~~were en­
vironmental conditions. Price 40 cents. * 

• RCA NOVAR TUBES:-1CE-311-12 
pages. Describes unique features of 
novar tube types and includes tabular 
data, dimensional outlines, curves, and 
terminal diagrams. Single copy free on 
request. 

• RCA PHOTOMULTIPLIER AND IMAGE 
TUBES-PIT-700 (lOW' x 8%")-36 
pages. Includes concise data on RCA 
photomultiplier tubes, cas and vacuum 
photodiodes, sockets and shields for 
phototubes, and dimensional outlines 
for photo and image tubes. Price 60 
cents. * 
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• PRODUCT GUIDE FOR RCA POWER 
TUBES:-PWR-506A--32 pages. Con­
tains tabulated. data on all RCA power 
tubes in order of type designatIOn within 
each general class of service. Includes 
maximum ratings, temperature ratings, 
heater or filament requirements, outline 
drawings, and basing diagrams. Price 15 
cents,* 

• RCA INDUSTRIAL TUBES PRODUCT 
GUIDE-TPG-200 (lOW' x 8%")-28 
pages. Covers all RCA industrial-tube 
product lines. Gives a brief description 
of each product line together with quick­
selection data. Single copy free on re­
quest. 

• RCA POWER TUBES CLASSIFICATION 
CHARTS:-PWR-504-12 pages. Groups 
all power tube types by their rated 
classes of service and lists them in order 
of power capability. Price 15 cents.* 

• RCA STORAGE TUBES AND CATHODE­
RAY TUBES:-STC-900A-16 pages. 
Contains technical information on RCA 
storage tubes, special-purpose kine­
scopes and oscillograph-type cathode­
ray tubes including display-storage tubes, 
computer-storage tubes, radechons, scan 
conversion tubes, flying-spot tubes, 
monitor, projection, transcriber, and 
view-finder kinescopes; as well as 
data on fluorescent screens. Price 15 
cents. * 

• RCA TRAVELING-WAVE TUBE CLASSI· 
FICATION CHARTS:-MWD-10IB-4 
pages. Contains catalog-type data. Sin­
gle copy free on request. 

• RCA PENCIL TUBE CLASSIFICATION 
~HARTS:-MWD-102A-4 pages. Con­
tains catalog-type data. Single copy free 
on request. 

"RCA SOLlD·STATE DEVICE CLASSIFI· 
CATION C HART S-MWD-104B-4 
pages. Contains catalog-type data for 
solid-state microwave devices. Single 
copy free on request. 

#I RCA CAMERA TUBES-CAM-600A-
26 pages. Contains classification charts, 
defining data and typical characteristic 
curves for RCA image orthicons and 
vidicons. Camera tubes recommended 
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recommended for new equipment de­
sign are high-lighted. Price 50 cents. * 
• TECHNICAL BULLETINS-Authorized 
information on RCA receiving tubes, 
transmitting tubes, and other tubes for 
communications and industry. Be sure 
to mention tube-type bulletin desired. 
Single-copy on any type free on request. 

Semiconductor Products 

• RCA SEMICONDUCTOR PRODUCTS 
HANDBOOK-HB-10. Two binders, 
each 7%" L x 5%" W x 2%" D. Con­
tains over 1000 pages of loose-leaf data 
and curves on RCA semiconductor 
devices such as transistors, silicon rec­
tifiers, and semiconductor diodes. A vail­
able on a subscription basis. Price 
$10.00* including service for first year. 
Also available with RCA Electron Tube 
Handbook HB-3 at special combina­
tion price of $25.00.* 

• RCA SILICON CONTROLLED RECTI­
FIER EXPERIMENTER'S MANUAL-KM-70 
(8%" x 5%")-80 pages. Contains 14 
practical and interesting control cir­
cuits that can be built with a comple­
ment of active devices available in kit 
form. Includes photographs, schematic 
diagrams, and descriptive writeups. Also 
includes brief descriptions of solid-state 
components used (rectifiers, transistors, 
SCR's) and short section on trouble­
shooting. Price 95 cents. * t 

• RCA TRANSISTOR MANUAL-SC-12 
(8%" x 5%")-480 pages. Contains 
up-to-date definitive data on over 630 
semiconductor devices including tunnel 
diodes, silicon controlled rectifiers, va­
ractor diodes, conventional rectifiers, 
and many classes of transistors. Fea­
tures easy-to-understand text chapters, 
as well as tabular data on RCA discon­
tinued transistors. Contains over 40 
practical circuits, complete with parts 
lists, highlighting semiconductor-device 
applications. Price $1.50. * t 

• RCA TUNNEL DIODE MANUAL­
TD-30 (8%" x 5%")-160 pages. De­
scribes the microwave and switching 
capabilities of tunnel diodes. Contains 
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information on theory and character­
istics, and on tunnel-diode applications 
in switching circuits and in microwave 
oscillator, converter, and amplifier cir­
cuits. Includes data for over 40 RCA 
germanium and gallium arsenide tun­
nel diodes and tunnel rectifiers. Price 
$1.50.*t 

• RCA SEMICONDUCTOR PRODUCTS 
GUIDE-SPG-201A (lOW' x 8%") 
-20 pages. Contains classification 
chart, index, and ratings and char­
acteristics on RCA's line of transistors, 
silicon rectifiers, semiconductor diodes, 
and photocells. Single copy free on re­
quest. 

• RCA SILICON RECTIFIERS-62S25-6 
pages. Describes RCA's line of diffused­
junction rectifiers. Includes maximum 
ratings and characteristics plus rectifier 
circuit chart which shows voltage and 
current relationships together with 
waveforms for single and polyphase 
rectifier circuits. Single copy free on re­
quest. 

• RCA SILICON RECTIFIER INTER­
CHANGEABILITY DIRECTORY -' 1CE-
229A-16 pages. Contains replacement 
information, ratings, characteristics, and 
physical dimensions for more than 400 
silicon and selenium rectifiers. Price 25 
cents.'" 

" RCA SILICON POWER RECTIFIERS-
62S 1 0-8 pages. Contains technical data 
on RCA's line of diffused-junction sili­
con power rectifiers. Includes quick­
selection guide for stud-type and high­
voltage "stack" and "stick" type recti­
fiers. Single copy free on request. 

• RCA DIFFUSED-JUNCTION SILICON 
RECTIFIER STACKS AND BRIDGES-SRS-
300-10 pages. Contains technical data 
on RCA's diffused-junction silicon recti­
fier stacks and bridges. Characteristics 
of basic rectifier circuits are also given 
to assist in selection of proper RCA 
rectifier device. Price 20 cents. '" 

• RCA SMALL-SIGNAL SILICON N-P-N 
TRANSISTORS-SST-210-8 pages. Con­
tains technical data on 2N2102 family 
of silicon transistors including high­
voltage types, very-high voltage types, 
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.linear-beta types, and·· general '. types. 
Also includes quick-reference guide. 
,Price 20 cents. * 

Integrated Circuits 
• RCA LINEAR INTEGRATED CIR­
CUIT FUNDAMENTALS-(8W' x 5%") 
240 pages. Contains basic principals 
involved in design and application of 
linear integrated circuits-includes de­
scription of silicon monolithic fabri­
cation process-derivation of design 
equations and performance criteria­
schematic diagrams, operating charac­
teristics, and performance data for 
RCA (multiple-function silicon inte­
grated circuits for a variety of linear 
applications. Price 2.00*t 

Batteries 
• RCA BATTERY MANUAL-BOG-Ill 
(lOJIs" x 8%")-68 pages. Contains in­
formation on dry cells and batteries 
carbon zinc, mercury, and alkaline 
types. Includes battery theory and ap­
plications, detailed electrical and me­
chanical characteristics, a classification 
chart, dimensional outlines, and termi­
nal connections on each battery type. 
Price 50 cents.*t 
• RCA BATTERIES-BAT-134H (lOW' 
x 8%"-36 pages. Technical data on 
146 carbon-zinc, alkaline; and mer­
cury batteries for consumer and in­
dustrial applications. Includes replace~ 
ment information for 4000 portable 
radios, and cross-references 860 do­
mestic battery types to their RCAre­
placements. Price 3S cents. *t 

Test and Measuring 
Equipment 

• INSTRUCTION BOOKLETS -. IIlus~ 
trated instruction bQoklets are available 
for all RCA test .instruments at the 
prices indicated below. 

WA-44A (Audio Signal 
Generator) ••••••••• $O.SO* 

WA-44C (Audio Signal 
Generator) •.•••••••• 1.00* 

WO-33A (Super Portable 
. Oscilloscope) •••••••• 1.00* 

WO-88A (S-in. Oscilloscope) ••• 0.7S* 
WO-91A (S-in. Oscilloscope) ••• 1.00* 
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WO-91B (S-in. Oscilloscope) ..• 1.00'\< 
WR-36A (Dot-Bar Generator) .0.50 ... 
WR-46A (Video Dot/Crosshatch 

Generator)' ..••...... 1.00* 
WR-49A (RF Signal 

Generator) .••••...•. O.SO* 
WR-49B (RF Signal 

Generator) •.•••••••. l.00* 
WR-SOA (RF Signal 

Generator) ..•....... 1.00* 
WR-51A (Stereo FM Signal 

Simulator) .......... 1.00* 
WR-52A (Stereo FM Signal 

Simulator) .....•.••. 1.00* 
WR-61B (Color-Bar 

Generator) .........• J .00* 
WR-64A (Color Bar/Dot/Cross-

hatch Generator) ..... 1.00* 
WR-64B (Color/Bar/Dot/Cross-

hatch Generator) ..... 1.00* 
WR-67 A (Test-Oscillator) ..... 0.25* 
WR-69A (Television/FM Sweep 

Generator) ......•... 1.00* 
WR-70A (RF-IF-VF Marker 

Adder) ....•........ 0;75* 
WR-86A (UHF Sweep 

Generator) ..•....•.. 0.50* 
WR-99A (Marker Calibrator) .. 1.00* 

WT-IOOA (Electron-Tube Micro 
Mho Meter) ........ . 1.7S* 

WT-IOOA (Electron-Tube Micro 
Mho Meter, Ser. No. 
1001 and over) ...... 2.00* 

WT-lOOA (Tube Chart 
lCE-163) .....••.••. 3.00* 

WT-llOA (Automatic Electron-
Tube Tester) ........ 0.7S* 

WT-llOA (lCE-174 Card Punch 
Data) ...•.......••. 0.2S* 

WT-llOA (lCE-234 Card Punch 
Data) ........ : ..... 1.00* 

WT-1l5A (Color Picture Tube 
Tester) ............. O.SO* 

WV-37A (Radio Battery 
. Tester) ............. 0.25* 

WV-37B (Radio Battery 
Tester) ••••••••••.•• 0.2S* 

WV-38A (Volt-Ohm-
Milliammeter) ••••... O.SO'!: 

WV-6SA (VoltOhmystt) ...•. . 0.2S* 
WV-74A (High Sensitivity 

AC VTVM) ••••••••• 0.75* 
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WV-75A (YoItOhmystt) •••••• 0.25· 
WY-76A (High Sensitivity 

AC VTYM) ••••••••• 0.75· 
WY-77A (YoItOhmystt) ...... 0.25· 
WV-77B (YoltOhmystt) •••••. 0.25· 
WV-77E (Yo\tOhmystt) ...... 1.00. 
WV-84C (Ultra-Sensitive DC 

Microammeter) •••••• 0.75· 
WY-95A (Master 

YoltOhmystt) ••••••• 0.25· 
WY-97A (Senior 

YoltOhmystf) ••••••• 0.75. 
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WV-98A (Senior 
VoltOhmystt) ••••••• 1.00* 

WV-98B".(Senior 
VoltOhmystt) ....... 1.00· 

WV-98C (Senior 
VoltOhmystt) ••••••• 0.50* 

19S-A (VoltOhmystt) ••••••••• 0.25· 

o Trade Mark Reg. U.S. Pat. Off. 

• Prices shown apply in U.S.A. and are 
subject to change without notice. 

t Suggested price. 
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Reading List 

This list includes references of both element:uy and advanced character. 
Obviously, the list is not inclusive,. but it will guide the reader to other references. 

ALBERT, A. L. Electrons and Electron Devices. The Macmillan Co. 
BECK, A. H. W. Thermionic Valves. Cambridge University Press 
CHUTE, G. M. Electronics in Industry. McGraw-Hill Book Co~, Inc. 
DoME, R. B. Television Principles. McGraw-Hill Book Co., Inc. 
Dow, W. G. Fundamentals of Engineering Electronics. John Wiley and Sons, Inc. 
EASTMAN, A. V. Fundamentals of Vacuum Tubes. McGraw-Hill Book Co., Inc. 
EDSON, W. A. Vacuum Tube Oscillators. John Wiley and Sons, Inc. 
FINK, D. G. Television Engineering. McGraw-Hill Book Co., lnc. 
GHIRARDI, A. A. Radio and Television Receiver Circuitry and Operation. Rinehart 

and Co., Inc~ 
GRAY, T. S. A;pplied Electronics. John Wiley and Sons, Inc. 
GROB, B. Basic Television. McGraw-Hill Book Co., Inc. 
HENNEY, KEITH. Radio Engineering Handbook. McGraw-Hill Book Co., Inc. 
HOAG, J. B. Basic Radio. D. Van Nostrand Co., Inc. 
KOLLER, L. R. Physics of Electron Tubes. McGraw-Hill Book Co., Inc. 
MAEDEL, G. F. Basic Mathematics for Television and Radio. Prentice-Hall, Inc. 
MARCUS, A. Elements of Radio. Prentice-Hall, Inc. 
MARKUS AND ZELUFF. Handbook of Industrial Electronic Circuits. McGraw-Hill 

Book Co., Inc. 
MILLMAN AND SEELY. Electronics. McGraw-Hill Book Co., Inc. 
MOYER AND WOSTREL. Radio Receiving and Television Tubes. McGraw-Hili Book 

Co., Inc. 
PENDER, DELMAR, AND McILWAIN. Handbook for Electrical Engineers--Communi­

cations and Electronics. John Wiley and Sons, Inc. 
PREISMAN, A. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill 

Book Co., Inc. 
HICKEY, H. V., and VILLINES, JR., W. M. Elements of Electronics. McGraw-Hill 

Book Co., Inc. 
RCA TECHNICAL BOOK SERIES. Electron Tubes, Vol. I and Vol. 11. RCA Review. 
REICH, II:. J. Theory and Applications of Electron Tubes. McGraw-HilI Book 

Co., Inc. 
RICHTER, WALTHER. Fundamentals of Industrial Electronic Cituits. Mc-Graw-Hill 

Book Co., Inc. 
SEELY, S. Electron Tube Circuits .. McGraw-Hill Book Co., Inc. 
SPANGENBERG, K. R. Vacuum Tubes. McGraw-Hill Book Co., Inc. 
STURLEY, K. R. Radio Receiver Design. Chapman and Hall, Ltd. 
TERMAN, RE. Fundamentals o/Radio. McGraw-Hill Book Co., Inc. 
TERMAN, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Inc. 
The Radio Amateurs Handbook. American Radio Relay League. 
ZWORYKIN, AND MORTON. Television; The Electronics of Image Trallsmission. John 

Wiley and Sons, Inc. 



KEY: BASING DIAGRAMS (Bottom Views) 

• Gas-Type Tube F- Filament LC Do Not Use, 
BC Base Sleeve (negative only) Except As 
BS Base Shell FM Filainent Tap Specified in 

C External Con- G Grid 
Data 

ductive Coating NC No Internal 
H Heater Connection-CL Collector 
HL Heater Tap for May Be Used 

DJ Deflecting Elec-
Panel Lamp As Tie Point 

trode P Plate (Anode) 
ES External Shield HM Heater Tap ·RCI Ray-Control 
F Filament IC Do Not Use Electrode 

,F+ Filament IS Internal Shield S Shell 
(positive only) K Cathode TA Fluorescent Target 

Subscripts for multi-unit types: D, beam power unit; D, diode unit; HP, heptode unit; HX, 
hexode unit; P, pentode umt; T, triode unit; YR, tetrode unit. 

Many tube types are available in addition to the home-entertainment types 
described in this manual. For industrial and specialized applications, other 
small receiving-type tubes are available, such as nuvistor tubes, "premium" 
tubes, thyratrons, cold-cathode (glow-discharge) tubes, computer tubes, tubes 
for mob.ile communications application, and Special Red tubes. Other lines 
of RCA electron devices include: 

POWER TUBES 
Transmitting and 
Industrial Types 

TELEVISION CAMERA TUBES 
Image Orthicons, 
Vidicons, and 
Monoscopes 

PHOTOTUBES 
Single-Unit, Twin-Unit, 
and Multiplier Types 

PHOTOCELLS 
Photoconductive and 
Photojunction Types 

INTEGRATED CIRCUITS 
Digital and Linear Types 

MICROWAVE TUBES 
. Magnetrons, Traveling-Wave 
Tubes, Pencil Tubes 

CATHODE-RAY TUBES 
Special-Purpose Kinescopes, 
Storage Tubes, and 
Oscillograph Types 

SPECIAL TYPES 
Vacuum Gauge Tubes, 
Image Converters 

SEMICONDUCTOR DEVICES 
Germanium and Silicon 
Transistors, Silicon Rectifiers 
Tunnel Diodes, 
Silico';: Controlled Rectifiers, 
Memory Devices 

THYRATRONS and IGNITRONS 

RADIO CORPORATION OF AMERICA 
ELECTRONIC COMPONENTS AND DEVICES HARRISON, N. J. 
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