IMPORTANT

See p.5 for Information on
conserving Filament Life.

8D 2l

PUSH-PULL POWER TETRODE

Water & Forced-Air Cooled

RCA-ADZ| is a water— and forced-air-cooled,
high—power, twin tetrode of unique design Tn-
tended for use as a class C rf power amplifier
in television transmitters. In such service, It
has amaximum plate-voltage rating of 6000 volts,
a maximum total plate input of 10000 watts, and
a maximum total plate dissipation of 6000 watts.

It may be operated with maximum rated input up
to 300 megacycles.

j s
E.

The 8D21 is unique in that high power capa-
bility at very high frequency is obtajned by the
use of a compact, high-current-density structure
in which all electrodes arewater cooled close to
the active electrode areas.

The structure features a thoria—coated, multi-
strand filament; tow interelectrode capacitances;

excellent internal shielding between input and
output circuits; internal neutralization of the
smal | feedback capacitance to eliminate need for
external neutralization; internal bypassing of
screen to filament to maintain the rf potential
of the screen at ground potential; and short in-

ternal leads with conseguent low inductances.
The overal! length of the 8021 is only about 12
inches and its maximum diameter is 5-3/4 inches.

Because of electron optical principles in-
corporated in its design, the BD2| features very
low current to its grids with resultant flexi-~
bility and simplification of circult design,

GENERAL DATA
Electrical:
Filament, Thoria-Coated:
voltage {AC oF DC) o « « v o s o+ o 3.2 8%,

2 4 {, > ) i 3.4 max. yolls
Current with 2.2 volts on filament . 125 amperes
Starting Current . . . . Must naver exceed 220 amperes,

even momentarily
Cold Resistante. o - « 4 v o 4 0.0077 ahm
Grid Wo.1—Grid Ho.2 Mu—Factor . . 4
Direct Interelectrode Capacitances {Each Unit):
*

volts

Grid No.l o Piate o 4 0 v o s put
B m o oroomy vy m A& B ki &0 % % 25,5 e T
QuIpUl o & v & 4 4w v e 6.5 LN
Internal Grid-Ho.2 Bypass
Capacitor (Approx.). . . 200 puf
Mechanical:

Flane of grid=Ho.1 leads horl-
zontal and below horizental
plane of plate leads
Maximum Overall Length . . « & & « + & « « = & 12-9/32"
Haximum Diameter « « « « » + » & &+ o 5 & & =« = 4 -3/
Terminal Connections . . , - - . See outline Drawing
Air Coolings:
Forced—ajr coeling of the glass envelape is
required, The air flow must start with
application of plate voltage, and should be
directed from a 2"-diameter nozzle at the
plate end of the tube so as to cocl the
area between the plate seals as well as the
sides of the glass envelope, The air flow
may be removed simultaneously with removal®
of plate voltage. Interlocking of the air
flow with the power supplies is recommended
to prevent the application of voltages lo
the tube without alr cooling.
Alr Flow « . . .
Bulb and Sea
Watar Cooling:
Water cooling of the filament block, the
No.1 grids, the No.2 grids, and the pﬁates
is required, The water flow must start
bafore application of any voltages and pre-
ferably should continue for several seconds
after removal of all voltages. Interlocking
of the water flow through each of the elec-
trodes with all power supplies is recommended
to prevent tube damage in case of failure
of adequate water flow.
Water Flow Required:
Filament Block (Cooling pipes

Mounting Pesition. . .

40 min. cfm
150 max, ec

w4 ia e . .
Temperature . . « «

cannected in series). . . 0.1 min. gpm
Ko. 1 Grids ECcoiin? plipes

connected 1n series). . « 0.1 min, gpm
N2 BEIO8: & & o & % & b e & % = 0.1 min. dpm
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water Flow Required (Cont'd):
Flate of Each Unlt:
With digsypation of 1,5 kw , ,
With dissipation of 2.25 kw . 0.4 min. gpm
With dissipation of 3 kw . . . 0.5 min. gpm
water Flow Obtained with Pressure Drop of 60 psij:

0.3 min. gpm

Nin, Nax,
Filament Block (Cooling pipes
connected in series), . 0,18 0,37 ggm
Wo. 1 Grids (Cooling pipes
connected In series), . 0,18 0,35 gpm
No,? Grids., . . y e e e Q.18 0,38 qgpm
Plate of Each UnLt & & & % cace 0.55 1.00 gpm
Water Pressure . . . e S 100 max. psi
Minimum Recommended . . . . , 60 psi

Outlet water Temperature 70 max, oc

GRID-MODULATED PUSH-PULL RF POWER AMPLIFIER—
Class C Television Service

Synchronizing—Tevel conditions unless otherwise indicated;
valuegs are total For both units

MaxImum CCS® RatlIng9, dbsolute Falues

OC PLATE VOLTAGE « « & e 5000 max, volts
0C GRID-No.2 Escnzzu] VOLTAGE. . . 1000 max, volts
DC GRID-ho.1 {CONTROL-GRID) VOLT-
AGE—MWhite level . . . -1000 max. volts
DC PLATE CURRENT [4t crest of
madulation) . . 2 max. amperes
PLATE |WPUT. . * PO T i 10000 max. watts
GRID=-No. 2 THPUT, & & & & & & = & 400 max, watts
FLATE DISSIPATION. + & . + - . & £000 max, watts
GRID-No.d DESSIPATION. CE 50 max. watts

Typlcal Operation In Television 3ervice
up to 216 Mc—Bandwidth of 6 Me:

DG Plate Voltage . o o 4 4 W o a §000 . . volts
DE Grid=No.Z ¥Yoltage . . . . . . . ang . ., volts
D Grid-Ne,1 ¥Yoltage:

Synchronizing Level. . . . , . . =210 . volts

Pedestal Lewel & o o w v o a o« -400 . . volis

White Level. . . .. —-az20 . . volts
Peak RF Grid=No.1-to-Grid-Ng. 1

¥oltage, . . 1300 . . volts

D plate Current:

Synchronizing Level., . . . . . . 1,8 , . amperes

Pedestal Level . . o . . . . . 1,45 . amperses
DC Grid-Np.2 Current;

Pedestal Level « v v v o5 w0 e s —0.025 . ampere
DC Grid-Ho.i Current:

Synchronizing Level. . . . ., . . 0,050 . . ampere

Pedestal Level . . o . . .0 L. 0.010 ampere
Driving Power {Approx.)*** . . . . 300 to 500 watts
Power Qutput:
© Synchronizing Level, . . v o 4 . 5300 . watts

Pedestal Level . . . o . . . . 3100 . watts

PUSH-PULL RF POWER AMPLIFIER—Class € Telegra-
phy or FM Telephony

Xey-downgconditions without oxpidtude modulation;
values ore,total for both units

Maximum CCS® Ratings, dbsolute Falues!

DC PLATE YOLTAGE . ¥ 6000 max. volts
BC GRID-NO. 2 {SCREEN} VOLTAGE. .+ . 1000 max. valts
DC GRID=No. 1 (CONTROL— GRID)VOLTAGE —-1000 max. volts
Of PLATE CURRENT . . + . & & « » 2 max, amperes
PLATE INPUT: + v & & ¢ o =« o o » = 104000 max. watts
GRID=Ko.2 |NPUT, oo ol v 400 max. watts
PLATE DISSIPATION: + + o o« o & & & L0060 max. watts
GRID=No. 1 DISSIPATION, . . PR 50 max. watts
Typical Operation in CW Service at 300 Mc:
bDC Plate ¥oltage . . . . . . . . 5000 . . volts
DE Grid-Mo,2 Voltage . ., + . . . . 80g . . volts
0C Grid-No.1 ¥oltageCo , | Pl =275 . » volts
Peak RF GFrid-Ho,1-to-Grid—yo.1

Voltage. i 1350 . . volts
pC Plate Current . . . . . . 1.6 . . amperes
B¢ Grid-No, 2 Current . . . I 0.040 , . ampers
0¢ Grid-Mo. 1 Current (npprox ] . s 0.085 . . ampere
Driving Powefr [ApproX,}. « .+ + « 00 v . watits
Power Output [Approx.) . . . - 6500 . . watts
Typical Operation in FM Service up to 216 Mc:
0C Plate ¥oltage , . . o = 4 v u » 4500 , ., volts
DC Grid-No.2? veltage . . . . . . . 100 . . valts
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0 Grid-No,1 Yoltage?o . | . ow W —-300 . . volts
Peak RF Grid—No. 1—to-Grid-No.1

Yoltage. . . 1150 . . valts
BE Plate corrent v v « w ow Wi e a 4 s ampere
DC Grid—No.2 Current . . " 0.080 . . ampere
DC Grid-No.1 Current (ﬁpprnx } v 0 . . eamperes
Driving Power [APProX,). « « « « « wo .. watts
Powar Qutput fApprox,} . . . + . 2500 ., . watts
Maximum Circeit Value {CW or FM Sarvics):
Grid=No. 1~Circuit Resistance . . . 5000 max. ohms

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESI&N

Talties are for each unit, unless otherwise indicated

Hote Nin. Nax.

Filament Current . « « & 1 110 140 amperes

Input Capacitance. . . . . = 23.5  28.5 pul

output Capacitance . . . . - 553 To? et

Plate furrent. . . PO 1 - 0.1 ampere

Plate Current. . . . . 1.3 3.0 5.0 amperes

Plate Current Avera e

of Both Units, « , 1,3 3.35 - amperes
Grid-No.1 Current. . . 1.3 0.15 +0.40 ampere
Grig-Ne,1 current Average

of Both Units. . . 1,3 - 0.25 ampere

Grid-He.2 Current. . . . . 1,3 - 1,5 ampere

Grid-No.2 Current. : 1.4 - 0.15 ampere

Grid—Ng.2 Current Average

of Hoth Units. . , 1,4 - 0,10 ampere

Peak Cathode current . . . 1,5 7 - amperes

Hote 1: AC filament wolts = 3,2

Note 2: With 5000 volts on plate, 800 volts on grid No.2

and -220 volts an grid Ho. 1,
#ote 3: With 1500 volts on plale, 800 volis on grid Ho.z,
and +500 volis on grid Ne. i,

Mote 4; With 2500 volts on plate, 80C¢ volts on grid MHo.2

and 4300 volts on grid Wo.i,

Note 5; Designers should 1imit the maximum usable cathode

current to this value.

*  with no external shielding.

**  Grid-wo.i-to—plate capacitance is internally neutral-
ized by the tube structure to Within 0.02 wef.

®  Continuous Commercial Service.

b DFIVIH? powar isaccaunted for largely by circult losses
and i s1ess at Jower frequencies. In practical, grid-
medulated circuit design with damping resistors, the
indicated driving power, depending on freguency, is
required to take care of the losses [n the damping re-
sistors, thecircult Josses, and the tubedriving power.

%0 gptained from combination of fixed bias and 2500- 1o
A000-ohm grid resistor.

INSTALLATION
The serial number which identifies each in-
dividua! 8021 and which should be used in any

correspondence concerning the tube, is stamped
on the structure within the glass envelope be-
tween the plate terminals. Other numbers stamped
externally on the tube are for purposes of manu-
facturing records anly.

in tronsportation and sforage of the 8D21,
care should be taken to protect the tube from
rough handling that woul!d damage the metal-to-
glass seals orother parts. The 8021 is supported
within its shipping container so that it will
net come in contact with the sides of the con-
tainer during shipment. |t should be stored in
the container with the plate terminals down and
sheould be protected from moisture and extreme
temperature changes.

While the tube is being removed from its
container, it should e |ifted by grasping both
filament-pipe assemblies near themounting flange,
ar by grasping one filament-plpe assembly and the
grid-No.2-pipe assembly near themouniing flange.



under no circumstances sheould the8D2| be handled
by the grid-No.l-pipe assembiy. After the tube
is removed from its contaliner, it should be
handled by the bulb or mounting flange. The
weight of the 802| packed for shipment is approxi-
mately {2-1/2 pounds; unpacked, approximately
4-1/2 pounds.
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Fig.1- dverage Plate Charactertistics for Fach
finit of Type §Daz.

It is recommended that the tube be tested
upon receipt In the equipment in which it is teo
be used. Before the tuhe Is placed in operation,
any foreign material clinging to it should be
remcved. After the tube has been tested and
before it Is placed in storage, its cooling
pipes and the ducts in the tube electrodes
should be blown free of water. Care should
be taken to prevent any foreign matter from
entering the cooling pipes at any time. As
a safeguard, it is recommended that during
storage the 8D2| be completely encleosed in

a container made of Pliofilm,
and then sealed,

Nounting of the 8021 requires the use of a
mechanism to engage the mounting flange and clamp
it firmly to hold the tube in a horizontal
positien with the plane of the grid-No. | |eads
horizontal and below the horlzontat plane of the
plate leads. <Care should be taken to prevent
vibration from belng transmitted to the tube.
Vibratlon of the tube and its associated circuit
may cause undesired medulation of the signal
output. Clrcuit elements adjacent to the tube
terminals should put no strain on the terminals.

or eguivalent,

Extreme care should be taken to assure that
no strain is placed on the seals when connecting
or disconnecting the water hoses and the elec-
trical connections to the tube. Particular care
must be exercised with the grid-No.! seals. The
qrid-No. l-pipe assembly should be supported with
one hand white attaching or detaching the water
hoses with the other,

The water-cooling systemconsists, ingeneral,
of a saurce of coocling water, a feed-pipe system
which carries the water to the filament blocks,
the No.l grids, the No.2 grids, and the plates
of the tube, and provision for intertocking the
water flow through each of the electrodes with
the power supplies, When the plate is at high
potential above ground, the feed-pipe system
should have good Insulating quatities and proper
design to reduce leakage current to a negligible
value,

It is recommended that the water-cooling
system be of the closed type utilizing distilled
water to prevent the possibility of scale for—
mation and corrosion, both of which can be ex-
pected with tap water. Scale not only restricts
water flow but prevents proper transfer of heat
from the tube electrode to the cooling water,
while corrosion may destraoy the electrodes and
pipes. The water-supply system should be capable
of supplying at least 2 galions per minute at a
pressure of 60 pounds per square inch at the tube.

A strainer should be provided in the water—
supply line to the tube in order to trap any
foreign partictes likely to impalir the water flow

through the tube pipes. It 1s sugyested that a
strainerwith an 80-mesh screen {0,005" openings]
be used.

The piping system must be arranged so that the
water flow through the grid-No. | pipes is in the
direction indicated in the detall sketich of this
terminal on the Qutline Drawing. The grid-No.|
nipes of tetrode unit No. | should preferably be
connected in series with the grid-No,. | pipes of
tetrode unit Ne.2 with due regard tothe direction
of water flow. The series connection provides
simplicity and reduces the number of flow Inter—
locks required, Similarly, the pipes to the two
filament blocks should preferably be connected
'n series, but without regard to the direction
of water Tlow. |t is essential that the water
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hose used for the series conpnections have good
Tnsulating qualities and be of sufficient length
to minimize leakage currents. The tube plpes
should not support the hose connections.

Proper functioning of the water-cooling

system 15 of the utmost importance. Even a
momentary failure of the water will demage the
tube, In fact, without cooling water, the heat

of the Tllament alone is sufficient to cause
serious harm. It is, therefore, necessary to
provide a methed of preventing operation of the
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Fig.2 - Average Characteristic for Bock Unit
of Type 8Dz,

tube in case the water supply should fail. This
may be done by the use of water-flow circuit
breakers or interlocks which cpen the power
supplies when the flow through any electrode (s
insufficlent or ceases. The water flow must
start before application of any voltages and
preferabty should continue for several seconds
after removal of all voltages.

164

The minimum water flow required through the
filament biocks, the Mo.| grids, the No.2 grids,
and theplate of each tetrode unit, together with
the recommended minimum and allowable maximum
pressure for such flow, isgiven 1n the tabutated
data, The minimum and maximum Tlow obtained with
a pressure of 60 pounds per sgquare inch is also
shown in the tabulated data, The use of an out-
let water thermometer and a water flow meter at
egach of the outlets is recommended. Under no
circumstances shouldthe temperature of the water
from any cutlet ever exceed 709C.

| f ovccasion arises where any of the cooling
pipes becomes clogged, the tube should preferably
be removed from the circuit before attempting to
dislodge the foreign material. Then, use water
or compressed afr at a pressure not exceeding
l00 pounds per sguare inch to try to dislodge
the foreign material in a dlrection opposite to
that aof the normal water flow through the clog-
ged pipe. |f compressed air is not available,
compressed gases, such asnitrogen or oxygen, may
be used provided the pressure is !imited to 100
pounds per square Inch. Should this procedure
fail to clear the pipe, write Adjustment Dept.,
Radio Corporation of America, Harrison, N,J.,
for jnstructions, giving complete details.

An approximate valueof the plate dissipation
which should not exceed the value shown under
Maximum Ratings in the tabulated data, may be
calculated from the following equation

PWa‘ttS:n[tO_ ti b 250

in whiech t; is the temperature of the cooling
water at the inlet Tn degrees Centigrade, 1, is
the temperature of the water at the outlet in
degrees Centigrade, andn is the numbetr of gallons

per minute of flow,

An azir-cnoling system, interlocked with the
power supplies, is required to cool the glass
envelope of the BD21. This system consists of a
blower and an air duct having a 2'-diameter
nozzle. , The air flow from the nozzle should not
be |ess than 40 cubic feet perminute, and should
be directed at the plate end of the tube so as
to cool the area between the plate seals as well
as the sides of the glass envelope, The tempera—
ture of the seals and of the bulb should not
exceed 150°C at the hottest point. The tempera—
ture of the plate seals and of the bulb may be
measured either with a thermocouple or with
temperature-sensitive palnt, such as Tempilac.
The latter 1s made by the Tempi) Corparation,

132 West 22nd Street, New York, N.Y,, in the
form of liguid and stick, and is stated by the
manufacturer to have an accuracy of | per cent,

The air-cooling system should beelectrically
Interconnected with the filament and high-voltage
supplies to prevent the application of voltages
to the tube without air cooling. The alr flow
must start with the application of plate voltage,
and may be remgved simultaneously with remaval aof
the plate voltage. Precautions should be taken



to insulate the afr-cooling system from the tube
or ¢ircult parts which may be at high potential.

The thoria-coated filament in the BDZ( 15 of
the multi-strand type and is designed for dc or
single—phase ac operation. The filament [s
arranged so that the strands in one leg furnish
the electron emission forone tetrode unit, while
those in the other leg furnish electron emissian
for the other tetrede unit. The strands of each
leg are recessed in slots in a focusing block
through which water iscirculated by means of two
water pipes. These two pipes are electrically
and mechanical |y conpected together by a lug
which serves as the terminal for aone leg of the
filament., Similarly, the two pipes for the other
biock are connected together by a lug which
sarves as the terminal for the other leg of the
filament, The two terminals are identified in
the Qutline Drawing as Filament Terminal "A! and
fitament Terminal "g".

The fllament connectors should make Tirm,
large—-surface contact with the filament lug
terminals Tn arder to prevent heating by the
high filament current. The filament-connection
leads should not be tautl, but should allow for
some movement in order to prevent placing any
strain on the fitament pipes.

The filament of the 8D21 should be cperated
at constant voltage rather than constant current
and must be allowed te reach normal operating
temperature before plate and screen voltages are
applied, The fjlament heating time 7s about B
to {0 seconds depending on the type of filament
starter employed. A suitable volimeter should
be permanently connected directly across the
filament tug terminals sothat the Filament volt—
age will always be kaown,

Filament |ife of the §D21 can be conserved
by operating its filament at the |owest voitage
which will glve thedesired power output. Because
the filament of this tube when operated at the
tabulated value of 3,2 wolts provides emission
usually in excess of any requirements within
ratings, itis recommended that thefilament volt-
age be reduced below 3.2 volts to a value that
will give adegquate but not excessive emission
for any particular application. The proper opera—
ting value may be found by reducling the filament
voltage, with normal modulation applied to the
transmitter, until a reduction in ocutput is ob-
served, The filament voltage must then be in-
creased by an amount equivalent to the maximum
percentage regulation of the filament-voltage
supply, and then further increased by about 0. |
volt to allow for ether variations, |t Is sug—
gested that the adjustment procedure be carried
out daily. However, 1f no significant changes
in the operating voltage are found necessary,
the adjustment procedure can be scheduled less
frequent|y. Good reogulation of the filament volt-
age s in general economically advantageocus from
the viewpoint of tube life,

Buring long or freguent standby periods, the
8021 may be operated at decreased filament volt-

age to, conserve |jfe. |t 78 recommended that
the filament voltage be reduced to 80 per cent
of normal during standby operation upto 2 hours;
for longer periods, the T1lament power should be
turned off,
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When direct current is used, the polarity of
the filament |eads should be reversed every 500
hours of operation,

A filoment starter should beused to raise the
filament voltage gradually in order to limit the
high initial surgeofcurrent through the filament
when thecircuit is first ¢closed, The startermay be
elther asystem of time-detay relayscutting resis-
tance or reactance cutof thecircuit, a high-reac—
tance filament transformer, ora simple rheostat, A
combination of the last two methods isusually most
desirable. Regardless of the method ofcontrof, 11
is important that the filament current never ex—
ceed, even momentarily, a value of 220 amperes.
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The grid-#o.1 termimals for the two tetrode
units of the 802| are Tdentified on the Qutline
Drawing. Electrical connection should be made
to the so0lid end of each terminal by a suitable
grip connector. Do not solder connections to
these terminals.

Circuit returns from the No. | grids, theNo.2
grids {connected together within tube and brought
cut to a single terminall, and plates should be
made to the mounting flange or to filament termi-
nal "B" which is electrically connected to the
mounting flange.

The grid-No.z (screen) veltage should be ob-—
tained from a source of good regulation. The
plate voltage should be applied before or simul-
tanecusly with the grid-No.2 voltage; otherwise,
with voltage on grid No.2 anly, Tts current may
be large enough to cause excessive grid-nNo.2
dissipation. A d¢ milliammeter should be used
In the grid-No.2 circult so that its current can
be measured and the.dc power input determined.

The grid-No.2 current is a very sensitive
indication of plate-circuilt loading and rises
excessively (often to the polnt of damaging the
tube] when the tube is operated without load.
Therefore, care should be taken when tuning the
8D2| circuit under no-load conditions to prevent
exceeding thegrid-No.2 inpit rating of the tube.

The plate-supply lead common fto both plates
should be provided with a time-delay relay to
delay application of plate voltage until the
filament has reached normal operating temperature.

Protective devices should be used to protect
not only the plates but also the No.2 grids
against overload. |In order to prevent excessive
plate-current flow and resultant overheating of
the tube, the common ground lead of the plate
circuits should be connected in series with the
cofl of an instantansous overload relay. This
relay should be adjusted to open the circult
breakers in the primary of the rectifier trans-
former at slightly higher than nomal plate cur—
rent. The time required for the operation of
the relay and circuit breakers should be about
110 second and not more than |/6 second.

A protective device in the grid—-No.Z supply
lead should remove the grid-No,2 voltage when
the dc grid-No.2 current reaches avalue slightly
higher than normal.

When on 8D2| 15 first pluced in service, care
should be taken to see that the water— and air-
cooling systems are functioning properly. The
tube should then be operated without plate or
screen voltage for & minutes at rated fi'tament
valtage, After this Initial preheating schedule,
the tube should ba gperated at approximately
one—hal f the usual plate and screen voltages for
{6 minutes, Full plate and screen voltages may
then be appl/led and the tube operated under nor-
mai foad conditions for a period of | hour or
more. |t is recommended that spare tubes be
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given thepreheating and initial-operation treat—
ment every 3 months. This procedure will insure
that only good tubes are carried in stock.

When o new civcuit ts iried or when adjust—
ments are made, the plate voltage and the screen
voltage should be reduced to approximately one—
half the rated values to prevent damage to the
tube and associated apparatus. After correct ad-
Justment has been made with the tube cperating
smooth|y and without excessive heating of the
cooling water or the glass bulb, the plate and
screen vo|tages may be raised in steps to the
desired values, Adjustments should be made at
each step for optimum operation,

The rated fplate and screen voltages of the
8021 are extremely dengercus to the user. Great
care should be taken during the adjustment of
circults. The tube and its associated apparatus,
especially all parts which may be at high po-
tential above ground, should be housed in a pro—
tective enclosure, The protective housing should
be designed with interlocks so that personne!
cannot possibly come in contact with any high-
potential point in the electrical system. The
interlock devices should functicn to break the
primary circuit of the high-voltage supplieswhen
any gate or door on the protective housing is
opened, and should prevent the closing of this
primary circuit until the door is again locked

APPLICATION

The maximum ratings In thetabulated data for
the 8D2I1 are limiting values abeve which the
serviceability of the 8D2| may be impalired from
the viewpoint of |ife and satisfactory per-
formance. Therefore, inorder not to exceed these
absolute ratings, the aquipment designer has the
responsibility of determining an average design
value for each rating below the absolute value
of that ratipg by an amount such that the absolute

value will pever be exceeded under any usual
condition of supply-vo!tage variation, load
variation, or manufacturing variatien in the

equipment itself,

The BD21 may bLe operated with maximum rated
input up to 300 megacycles.

In grid-modulated class C rf power amplifier
service, the 8D21 [s supplied with unmodulated
rf grid—Ho. | voltage and with a video-modulated
grid=No. | voltage, The grid-No.Z voltage should
be obtained from a scurce of good regulation.

In ¢lass C rf power amplifier service, the
BD21 should be supplied with grid-No, | bias by a
combination of fixed bias and a 2500~ to 3000-ohm
grid resistor, The grid-No.2 voltage should be
obtained from a well-regulated veltage source,

REFERENCE

Federal Communications Commission, "Standards of Good Fngi-
neering Praciica Concerning Television Broadcast ftations”,
Superintendent of Documents, U.S. Government Printingoffice
washington 25, D.C,
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TIPS ON USE OF THE RCA-8D2I

The followlng wateriel supplements the preceding instructions and data on the BD2% tube and
is compiled to help television station engineers properly utilize the RCA-8D21 Push-Pull Power
Tetrode for optimm performance.

The *"dos" and "don'ts" are those with which every operating engineer should be thoroughly
familiar in order not to damage the BDZ21 through improper operation.

DO DON'T
Test Hew 8Dzi's Immediately Ubon Receipt A_D(m(jg Handle 8Da1's by the Grid—No, 1 Pipe
ssembly
Give New 8b21's the Recommended "Breagk-In" )
Treatment Dom 't lse Top Water for Cooling
Use Care in Attaching Water Hoses and Elec— ~Don't Allow Cooling Water to Become Contam-
trical Connections inated
Use Distillied Water for Cocling Don 't Operate 8Do1’s with Full Voltage on
‘ Plate andGrid No. 2, or with Full Dxcitation,
Be Sure That Adequate Water Fiow is Haoin— Until Proper Loading Conditioms Have Been
tained Obtained

{lean Water-Supply Filter at Regular
Intervals

Be Sure That Air Flow to Glass Envelope is
Mequate and Properly Distributed

Ciean Blower at Regular Intervals
Keep 8021's Clean
Allow 8Dz21's to Warm b Prior to Day's Oper—

ation
Operate filament ot Lowest Possible Vollage

Blow &D21's Free of Water and Fnclose in
Plastic Cover Before Placing in Storage

Operate Share 8D21's Buery g Months
DESIGN FEATURES OF THE 8D2I

RCA-BD21 has been designed specifically Toruse as a highly stable, high-gain, broadband tele-
vision transmitting tube. It is capable of efficient operation as a linear or grid-modulated
amplitier with full input at frequencies as hipgh as 300 megacyelies per second.

The 8D21 1s a good broadband tube because it has an unusually high "flgure of merdt, " if.e.,
ratio of {llament emlssion current to plate-to-plate capacitance,

High emission 15 provided at very low heatling power by a new type of electron emitter con-
sisting of thoerium oxide on tantalum ribbon.

High power capability at very high Trequency 1s achleved throupgh the use of a compact, high-
current-density structure in which small electrodes are water cooled elose to the active areas
where heat 1s generated. The small electrodes make possible low interelectrode capacliances, As
a reasult, operation at freguencies as high aes 300 megacycles per seeond 18 readily sccomplished
with apen-type tank c¢irenits, andwitinout having te "bury" the Lube 1n o cumbersome, Inaccessible,
concentric-line structure.

Water cooling of the electrodes is accomplished efficlently by hlgh-veloelty waler streums.
The linear velonlty of the water in the stresms may be in the ovrder of 25 feet per second - a
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value sufficiently fast to remove Instantanecusly any steam or vapor bubbles that may form in
the cooling ducts. The water flow required for each 8D21 is only about 2.1 gpm at the relatively
Tow pressure of 60 psi.

The 8D21 makes possible the stability required in the wodulated amplifier stage of television
transmltters - stabi111ty many times greater than that required in any other iype of service.
The stage must not merely be kept below the point of nscillation caused by feedback; 1t wmust be
kept many fold below thils polnt to aveid severe distortion of the bandpass characteristic. Such
an operating condition 1s mchleved with the BD21 because its pushpull tetrode construction
provides: excellent internal shielding be tween input and output circults; internal neutrali-
zation of the small feedback capacltance; Interna! bypassing of grid Ne. 2 to filament to mein-
tain the rf potential of grid No. 2 at ground potential; and short Internal leads with con-
sequent low inductances. These features eliminate the major causes of input—output feedback.

Because af electron optical principles incorporated in its deslgn, the 8D21 has high power
gain, grid-current characteristies which permit video modulation of either the exeltation or
grid-No, 1 bies with a reasonably low value of video voltage, and a substantially linear ampli-
tude characteristic in the synchronizing reglon - all necessary attributes of a good linear or
modulated amplifier tube for television service.

TESTING A NEW 8D2I

Each 8D21 1s thoroughly tested befare shipment. However, to 1nsure that the tube has not been
damaged 1n transit, 1t should be tested (see "Break-In" Treatment) upon recelpt in the equip-
ment inwhich 1t 1s to be used. Should there bhe any evidence of dsmsage 1n transit, a "bad order®
report should immedlately be filed with the transportation company.

After the required adjustments have been made and the tube 1s operating normally to give the
desired output, 1t 1s suggested that the readings of the meters and flow Indleators as well as
the control settings be logged before the tube 1s vlaced in storage. Then, 1n the event of an
emergency tube change, the tube can be put in service quieckly.

WATER-CCOL ING REQUIREMENTS

A few simple precautiong will prevent the introductlon of particles at some point in the
water system between the filter and the tube. Inspect rubber hoses when changing tubes, for
bits of rubber loosened by pipe ends that have become rough or sharp in serviece. When such is
the cese, carefully smooth the pipe ends with a fine file and/or erocus eloth.

When changing the water and before flushing the tube, use a pipe cleaner to remove any deposit
from the ends of the tube pipes and the hose ends. This procedure will prevent any deposit from
beilng carried Into the tube when it is flushed. 1f tap water is msed for flushing, always follow
with a distilled-water flush to prevent any chlorine in the tap water from remaining in the
tube. The presence of chlorine greatly increases the corrosion rate of the plpes and ducts in
the tube. Therefore, never allow chlorinated water to enter the water system.

TUBE CLEANLINESS

As with other high-voltage, high-fremquency equipment, 1t is essential that the glass bulb and
other external parts of the 8D21 be kept free from accumulated dirt to minimize surface leakage
and the possibility of arec-over. Make 1t a regular praciice to wipe dirt from the glass bulb
end other external parts of the tube about twice a month or more frequently, if' necessary, to
keep the tube clean.

"BREAK-IN" TREATMENT

Before a new 8D21 is placed in service or set aslde as a spare, or After a tube has been In
prolonged storage, 1t should be given the following treatment, preferably in the visual power

amplifier!
Step 1t With no other voltages on tube, epply 3.0 volts to the filament for 10 minutes.

Step 2 Increase filament voltage to 3.2 volts, and apply about 2800 volts to the plates,TOO
volis to the No. 2 grids (screens}, and -B00 volts blas to the No. 1 grids.

Step 3¢ Adjust the excitatlon to give a plate current of 100 to 200 milliamperes. Output
lgading should .be maintained at normal broadband response.
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Step 4! Decrease the grid-No. 1 bias or Increase the excitation until & plate current of
about 500 milliamperes is obtained. Allow tube to operate at this value for 5 minutes,

Step B Reduce plate current to a value between 100 and 200 milliamperes. Then apply full
voltage to the plates and to the No. 2 grids, and operate at a plate current of 2350
to 900 mllliamperes for 10 minutes.

Step 6: Gradually increage the plate currvent over a period of 10 minutes until the visunal
"black-Ievel™ value, or the aural "carrier-level® value, is obtalned. Operate the
tube at this point for about 10 minutes., Modulation may then be applied.

OPERATION WITHOUT PROPER LOADING

When the trensmitter 1s being tuned after a tube is installed, or when wajor elrcuit adjust-
ments are made, reduce the plate voltage, the grid-No. 2 voltage, and the excitation as much as
rossible consistent with the practicality of making the adjustments. After adjustment to give
proper loading for the BDZ1, normal operating voltages and exeltation may be restored. Fallure
to observe this procedure may result in serious tube ar eircuit damage because of high peak
voltages resulting from improper loading.

GRID AND SCREEN CURRENTS

The negative grid-No. 1 and grid-No. 2 (screen) currents often observed in HD21 operation are
normal and do not indicate an inferior tube. They are caused by secondary electron emisston
from the No. 1 grids and the No. 2 grids. Since the magnitude of such emission 1s affected by
slight changes in the surfaces of the No, 1 and Ne. 2 grids, the value of the grid-No. 1 current
and the value of the grid-~Ro. 2 currvent may vary considerably between indlvidual tubes, or
during the life of a tube. Accordingly, theses currents should not be used for determining the
proper conditions of loading, particularly when the currents are megetive. Plate current and
power output are the proper indicators of operating condltlons.

MICROPHON | CS

While wmlcrophonies in the BD21 are normally at a low level, 1t may be desirable in video
service to reduce still further microphonics resulting from the tube or assoclated grid-No. 1
circults The reductlion can be accomplished by inereasing the amount of grid-No. 1-circult
damping and by careful tuning of the circult. The damping shonld not be Increased to the point
where the driver tubes will operate at higher than rated plate current. It 1s sometimes ob-
served that when the grid-No. 1 elrecuilt is tuned, the point at whiech microphonies disappear
from "white level®™ does not colnclde with that at "blaek level." In sueh ecases, tuning to
achieve the desired results at "white level® will result in a good plcture, since mlerophonics
are ordinarily not ohservable in the darker portions of the pleture.

Avold operating the water clreulating system at abnormally high pressure. Such operation will
cause excessive water turbulation in the tube passages with aresultent inmcreasse in microphonics.
The following readings of the pressure gauge in the transmitter will normally give adequate
flow through the tube:

Cooler Location Pressure Gauge Readinpg-psi
On Floor With Transmittericcecevenirisonsensrsa 70 to 75
{n Floor Below Transmitteresessenssrnrnrnanans 65 to 70

TUBES WITH DIMINISHED QUTPUT

When an 8D21 w11l no longer deliver adequate power output in vides serviece, it wlllordinarily
be satisfactory for service in the sound transmitter. Transferring 8D21's under such condltions
will greatly extend their useful life.

STORAGE AND OPERATION OF SPARES

Before an 8D21 i1s placed 1n storage, 1ts cooling pipes and the duets in the tube electrodes
should be blown free of water. Removing all water prevents the possiblliity of veltale action in
the pipes and ducts with resultant corrosion. After the tube 1s dry, wrap and seal 1t in the
original wrapping material or similer plastic film to prevent any foreipgn matter from entering
the water pipes. Then place the 8D21 in the shipping container with the plate terminals down.
During storage, the tube should be protected from molsture and extreme temperature changes.

As 1n the case of all large power tubes, no 8D21 should remain in storage for more than 3
months. It should be operated in rotation with other 8D21's in order to keep 1t Ffree from
traces of gas which may be liberated during prolonged storage. This procedure of rotating 8D21's
in service will insure that only good tubes are earried in stock.
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