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GENERAL

'-.[-l"xe Geiger tube was first used in 1908 by
Rutherford and Geiger who arranged a wire
axially within a cylinder and applied a potential
between these elements.

It was found to be the property of such an ar-
rangement that an ionizing particle or radiation,
when projected into the cylinder, caused an
enormous increase in the space current.

Since that time, the basic geometric arrange-
ment has remained unchanged. In 1928, Geiger
and Muller produced effective counters with
large sensitive areas and eventually the term
“Geiger-Muller counter” became generally ac-
cepted.

While it is a fact that many successful counters
were manufactured during the ‘30's, these were
all specifically designed for cosmic ray work or
some other specialized applications. At that time,
the necessity did not exist for the mass production
of larger numbers of Geiger-Muller tubes with
identical characteristics.

In the early stages of World War II, wide-spread
commercial applications of the Geiger-Muller tube
became more pronounced. Mass production of
quartz oscillator crystals necessitated a means of
indicating extremely low intensity diffracted X-Ray
beams.

The Geiger-Muller tube was the instrument of
choice for this application but until that time was,
unfortunately, a scientific curiosity of unpredict-
able behavior and with none of the recognized
desirable features such as uniformity, stability,
and unlimited life.

AMPEreX-riDIATION COUNTER TUBES

INFORMATION

intense research on the subject by AMPEREX
and its affiliates eventually resulted in the mass
production of radiation counter tubes with predict-
able characteristics as early as 1942. This accom-
plishment; to the best of our knowledge, was the
beginning of routine, rigorously controlled produc-
tion.

The next important step along the road was the
development of the halogen-illed Geiger-Muller
tube, the technical characteristics of which will be
discussed later.

The first of these counter tubes for commercial
and industrial applications were made with
AMPEREX-manufactured shells in Government
Research Laboratories in 1947. Manufacture and
design of these tubes and control of production
thereof was first engineered by AMPEREX and
many thousands of these types and their variants
are still in daily successful use.

The problem overcome in this regard included
the pressures and proportions of the gas mixtures,
choice of materials, methods of sealing, window
material and window thickness calibration. Life
testing of ultimate designs substantiated the
"unlimited life” characteristic of the halogen tube.

Thus, when nuclear physics blossomed into
practical use, AMPEREX was ready with a Geiger-
Muller technology which assured the production
of this necessary measuring device in all its forms.

As a result of the techniques employed in the
production of these tubes, the gas amplification
process was stabilized so that the reliability of the
counters approached that of ionization chambers

w1l




without the attendant current amplification diffi-
culties.

Standardization of characteristics far beyond
those ever attained in the manufacture of counter
tubes was achieved and then made available to
instrument manufacturers.

Summarizing, it might be said that the incom-
parable research facilities available to this firm,
the long history of our active association with the
develog t of Geiger-Muller tubes and their
application in research and production instruments
are the finest guarantees the end user can be given
of outstanding satisfactory service of the product.

CONSTRUCTION

AMPEREX counter tubes are ruggedly con-
structed of stainless steel and glass and are sealed
with a special glass solder. New, exclusive AM-
PEREX techniques enable the mass production to
uniform dimensions of the highly chemically re-
sistant cathode shells.

All the mica windows are individually
“weighed” by measuring their transmission of Ci4
beta rays and are fusion sealed with glass to the

stainless steel cathodes.

The mechanically rugged based tubes are con-
nected according to industry standards. The anode
terminals on the unbased versions are either stand-
ard miniature caps or wire leads for alligator clip
connection. Connection to the cathode of the latter
type may be made with a metal clamp or copper
strap. No attempt should be made to solder directly
to the stainless steel cathode as this will destroy
the tube.

The tube fillings consist of pure noble gasses
together with a halogen quenching admixture and
are all of the “self-quenching” variety.

STABILITY

The counting life of these halogen tubes is un-
limited because the discharge action does not
consume the quenching agent. The energy of the
pulse is degraded to heat without triggering spuri-
ous counts because of the influence of the halogen
quenching agent upon the work function of the
cathode surface. In the limited-life, organic-quench
type tubes, some of the pulse energy chemically
breaks up the quench agent which, in time, com-
pletely decomposes with the discharge process
and the tube does not operate.

AMPEREX halogen ¢ can be discharged
above the end of the plateau without any damag-
ing effect to the tube.

Over a period of years, tests being conducted
with these tubes in our laboratories show counting

lives over 5 x 10'° counts without any appreciable
change in plateau, threshold or tube current. Con-
tinuous tests are made also as a check on pro-
duction quality.

The shelf life stability of the Amperex counter
tubes is maintained by special surface processing
techniques that eliminate halogen quench “clean-

. up.” This permits the tubes to be used for perma-

nent calibration of radiation detection instruments
and reproducible experimental results.

Since the plateau does not shorten or shift ap-
preciably and the slope does not increase with
time, the tubes may be operated at any point on
the plateau. This is not the case with the conven-
tional orgamic-quench type tubes. The “plateau
length” criterion as a measure of the tube quality,
therefore, is not significant in the AMPEREX tubes.
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Each counter tube is tested for plateau and back-
ground count before shipment. A plateau plot
(see fig. 1 below) is made on an AMPEREX de-
signed automatic plateau tracer.

The electrical characteristics of this unit are as
follows:

0.3 volts sensitivity, 6 microseconds resolving
time, 90 volts per minute supply voltage increase
rate, 3 feet capacitive loading cable, and a 1
megohm tube series resistance to simulate typical
operation.

The plateau slope of these tubes is not due
mainly to an increase in spurious counts with volt-

age as in organic-quench tubes, but is a legitimate
increase in volume sensitivity as the electric field
overcomes the electron attachment of the halogen
quench.

With the usual well regulated voltage supplies
. most scalers and with corona requlators in
portable equipments a plateau slope of 5% to
10% per 100 volts is no limitation on counting
accuracy.

Thresholds are maintained in production to £25
volts from the nominal value by special processing
and filling techniques. As a result, the uniformity
of the tubes is such that they can be operated in
parallel at the operating voltage.
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Figure 1. - Typical Plateau Curve

VOLUME SENSITIVITY

The volume sensitivity of halogen counters is
necessarily less than the 99.5% with organic
quenches. This is due to the electron capture of
the halogens in weak electric fields. If we examine

the field distribution in the Geiger counter struc-
ture we see that the field is weak directly at the
cathode. In this region there is some electron
capture. A typical radial sensitivity curve is shown
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in Figure 2. This can be obtained by moving
a fine collimated X-Ray beam across the diameter
of the tube.

From the region away from the cathode by ap-
proximately 5% to 10% of the diameters, inward
to the anode, the tube is 100% sensitive. It can

be said therefore that a halogen counter is equal
80-95% of the

in itivity to an org
di of the halog

tube.

AMPEREX counters are filled with the minimum
halogen content necessary to insure stable
operation so as to produce a maximum effective
diameter.
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Figure 2. - Sensitivity Distribution Halogen Counter
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ENERGY DEPENDENCE — GAMMA COUNTERS

The energy dependence for the gamma counters
for a constant source spectrum is not significant
since the tube can be calibrated for this spectrum.
For general survey work the calculated energy

dependence is given in the characteristic sheet
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for each tube type.

Heavy metal filters or shields can be used to
modify the energy dependence to other charac-

teristics.

END MICA WINDOW

When end mica window tubes are used for
counting low source activities, good geometry in-
creases the counting rate and statistical accuracy.
Figure 4 shows the effect of source-to-window
distance. From this it is evident that the source
should be as close to the window as possible.
The transmission characteristics of the windows
are given in the individual tube data sheets.
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Figure 4. Computed from data from E. Berne, “Review of
Scientific Instruments”; Vol. 22, No. 7; July, 1951.

APPLICATION DATA

The use of these tubes opens up fields of prac-
tical application which, heretofore, have been con-
sidered closed to Geiger counters because of lack
of reliability and reproducibility.

As an indication of their reliability, AMPEREX
Geiger counters are being used as unattended
snow depth gauges and production thickness
gauges.

In survey instruments using corona regulators,
they enable almost permanent calibration. Instru-
ments have been built around these tubes where
the current through the tubes is used directly as
an indication of Roentgen dosage.

Roentgen dosage vs. current curves are included
in the individual tube characteristic sheets as ex-
amples of applications of the gamma counters for
survey applications.
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There is some current variation from tube to tube
which can be compensated for in the circuit by
varying the series resistor, the shunt capacity from
anode to cathode, and the supply voltage (within
the platequ). Calibration should therefore be made
in the particular instrument designed for the tubes.
The direct current can be used or the current can
develop a voltage across o resistor. This voltage
can then actuate a simple V.T.V.M. circuit. Suffi-
cient adjustment must be built into the circuit to
account for normal minor variations between
tubes. The stability of these halogen counters is
such as to require little or no subsequent adjust-
ment after the initial calibration.

As it is seen, the current is sufficient to directly
actuate small current relays and simple safety
alarm circuits.

For pulse counting operation, the “Ideal Count-
ing Rate” curves given for gamma counters are
based on calibrations at low counting rates and
are uncorrected for higher rates. A calculated
“Dead Time Correction” curve is also given as-
suming that the tube dead time is the limit on
maximum counting rate.

The purpose of this information is to give the
approximate sensitivity range of each tube. Since
the response, at high counting rates, is very much
a function of the circuit used with the counter,
the total response must be determined experimen-
tally in the particular circuit.

The “maximum counting rate” in the individual
tube data is computed as that counting rate for
which the dead time correction is 20%, and is a
guide for comparison purposes only.

radiation counter tubes.

The AMPEREX Engineering Department is pre-
pared to work closely with mcnufacturers in the de-
sign of equipment to utilize the advantages of these
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75NB3-6 e 75NB3-7 e 75NB3-9

The type 75 series are inexpensive, rugged gamma counters for survey, demonstration, or monitoring
applications. The infinite-life, halogen filling gives these tubes an unusual electrical ruggedness to
match their mechanical strength.

The absence of flanges or external glass structures enables these tubes to be bundled in multiple
arrangements with good volumetric efficiency.

General Data

Operating temperature TANZE ...........srseeiersssomieiisisioonney — 559 to + 750 C

Gas filling
Cathode material .

Effective cathode dimensions 7

Performance Data

Slope of plateau =Y

Starting voltage (0.3 volt

pulses)? ...
Capacity at terminals ..
Radial sensitivity (appro
Dead time (approx.) ......
Maximum counting rate

75N6 & 75NB3-6

........ 600 volts D.C.

..in excess of 125 volts

less than 15% per 100
volts

X.)
5 100 microseconds
..1700 counts per sec.

Background (Shielded with 2"

lead and 1/8"" aluminum)...

Roentgen energy depend-
ence © (unfiltered)
Life expectancy in count

Notes

DO QN

..50 counts per minute
max.

.130%

..unlimited by use

s2

to 3 M.E.V. extremes.

other applications

75N-7 & 75NB3-7

700 volts D.C.

in excess of 125 volts

less than 15% per 100
volts

625 volts maximum
1.5 mmf

80%

100 microseconds
1700 counts per sec.

50 counts per minute
max.

+30%

unlimited by use

. Neon plus halogen admixture
. stainless steel (28% chromium, 72% iron)
2-11/16" long x .607"’ L.D. x .009"" wall

75N-9 & 75NB3-9

900 volts D.C.

in excess of 125 volts

less than 15% per 100
volts

825 volts maximum
1.5 mmf

80%

100 microseconds
1700 counts per sec.

50 counts per minute
max.

+30%

unlimited by use

This data is obtained from an automatic plateau trace run on each tube.
Guaranteed 5 x 1010 counts minimum.
These tubes will operate satisfactorily anywhere on the plateau.
At an average counting rate of 100 counts per second.

For 20% dead time correction (approx.)
Calculated value based on radiocobalt gamma center value with 100KV

These tubes are also available with an effective cathode length of 12'*
upon special request for cosmic ray research, oil well logging, and

18



MICROAMPERES—- TUBE CURRENT

15 SERIES
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Amperex- nw: 76NB3

Permanent Sensitivity GAMMA COUNTER

CATHODE- .009-0I0WALL
STANDARD PEEWEE

I3 CATHODE
16 LENGTH ™ 3 PIN BASE
NODE PIN
N.C.
L CATHODE PIN
Zmax. . 6% - | 500MAX.
17
5
Description

The 76NB3 is an inexpensive, rugged gamma counter for survey, demonstration,
or monitoring applications., The infinite-life, halogen filling gives this tube an
unusual electrical ruggedness to match its mechanical strength,

o The absence of flanges or external glass structures enables these tubes to be
bundled in multiple arrangements with good volumetric efficiency,

General Data

Operating Temperature Range —55%t0 + 75°C

Gas Filling Neon plus halogen
admixture

Cathode Material stainless steel (28%
chromium, 72% iron)

Effective Cathode Dimensions 5 5-13/16’ long x 0,605

L.D. x 009’ wall

1 This tube is also available with an effective cathod length of 12’ upon special request
for cosmic ray research, oil well logging, and other applications,

9/60 H]



16NB3

Performance Data

Operating Voltage s 900 volts D.C.
Plateau Length 2 in excess of 125 volts
Slope of Plateau 24 less than 15% per 100
volts
Starting Voltage (0.3 volt pulses) = 825 volts maximum
Capacity at terminals 1.5 mmf
Radial sensitivity (approx.) 80 %
Dead Time (approx.) 100 microseconds
Maximum counting rate 5 1700 counts per sec,
Background (Shielded with 2’’ lead
and 1/8’" aluminum) 50 counts per minute
Roentgen energy dependence 8 (unfiltered) 30 %
Life expentance in counts ’ unlimited by use
2 This data is obtained from an automatic plateau trace run on each tube.
3 This tube will operate satisfactorily anywhere on the plateau.
4 At an average counting rate of 100 counts per second.
5 For 20% dead time correction (approx.)
6 Calculated value based on radiocobalt gamma center value with 100KV to 3 M.E.V. extremes.
7 10

Guaranteed 5 x 10"~ counts minimum,

=2 9/60



et

: 90 NB
Amperex- 1k 912 NB

~ Permanent Sensitivity BETA-GAMMA COUNTERS

CATHODE WALL 30-40 ug/cu?

TOTAL LENGTH 3° oA At ANGARD SMALL:
IN BASE

0 BAKELITE Cap caTHo0E wacy STAP et GATHODE
] t T e 7
== i"" O A L

o3

1 s wore 7

-

Description

The types 90NB and 912NB are thin, stainless-steel wall counter tubes whose char-
acteristics are similar to those of the 30 mg/cm? glass wall tubes. However, the materials
used in these tubes and their special processing permits the use of the halogen-quenched
Neon filling which has permanent characteristics, The metal wall of these tubes is also
mechanically stronger than the fragile thin glass walls of comparative types.

These tubes are commonly used in survey instruments for Beta and Gamma detection
and in hand and foot monitoring instruments where it is necessary to measure Beta in the
presence of Gamma radiation. Due to the increased cathode length, greater sensitivity and
pulse height are obtained from the type 912NB,

General Data
Operating temperature range ................... —55% w0 + 75°C
(€ 7 T T T ey oty esioe S AR S b s .. Neon plus halogen admixture

Length of thin wall section
(Cathode wall thickness 30-40 mg/cm?).. 90NB - 3 inches total; 912NB - 8-11/16
inches total
stainless steel (28% chromium, 72% iron)
.. 9ONB-912NB - 8-11/16" long x .607"’ I.D.
(7 of 30-40 mg/cm? + 1-11/66" of 176 mg?)
3% long x ,607"* L.D. (3" of 30-40 mg/cm?2 +
%4 of 176 mg/cm?)

Performance Data 90NB 912NB

Cathode material .
Overall cathode dimensions .

Operating vol:age’" - 900 volts D.C. 900 volts D.C.

Plateau length 1... .in excess of 200 volts in excess of 200 volts
Slope of plateau s ................... 10% per 100 volts max. 10% per 100 volts max.
Starting voltage (0.3 volt pulses)™. 825 volts max. 825 volts max.
Capacity at terminals .................. 2.4 mmf 5.3 mmf

Radial sensitivity (approx.) .......... 80% 80%

Dead time (approx.) .. 100 microseconds 100 microseconds
Maximum counting rateS.. .. 1700 counts per second 1700 counts per second
Background (Shielded with 2’

lead and 1/8’’ aluminum) ... -- 50 counts per min, max. 75 counts per min, max.
Life expectance in counts 2 .unlimited by use unlimited by use
Roentgen energy dependence .. £20% +20%

Notes

1 This dats is obtained from an automatic plateau trace rnn on each tube. A print of this trace is ship-
ped with each tube.

Guaranteed 5 x 1010 counts minimum.

These tubes will operate satisfactorily anywhere on the plateau

At an average counting rate of 100 counts per second.

For 20% dead time correction (approx.)

Calculated value based on radiocobalt gamma center value with 100KV to 3 M.E.V. extremes, with
gamma shield equivalent to 1/16" thick steel.

Also available with 3 pin base as shown on type 90NB. Specify type 912NB-3. Overall tube length
with 3 pin base = 11-3/8"".

DO e@N

156 DIA.
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90 NB4
912 NB4

" Permanent Sensitivity BETA-GAMMA COUNTERS

Amperex- 1P

CATHODE WALL 30-40 Mg/cu®
RE STANDARD SMALL
4 PIN BASE 156 01
PiNs

156 DiA.
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912 NB4

Description

The types 9ONB4 and 912NB4 are thin, stainless-steel wall counter tubes whose
characteristics are similar to those of the 30 mg/cm? glass wall tubes, However
the materials used in these tubes and their special processing permits the use of

~~. the halogen-quenched Neon filling which has permanent characteristics, The
metal wall of these tubes is also mechanically stronger than the fragil thin glass
walls of comparative types,

These tubes are commonly used in sugvey instruments for Beta and Gamma detec-
tion and in hand and foot monitoring instruments where it is necessary to measure
Beta in the presence of Gamma radiation, Due to the increased cathode length,
greater sensitivity and pulse height are obtained from the type 912NB4,

General Data

Operating Temperature Range —55% w0 + 75°C

Gas Filling
Length of Thin Wall Section
(Cathode Wall Thickness
30-40 mg/cm?)
Cathode Material

Overall Cathode Dimensions

9/60

Neon plus halogen admixture

90NB4- 3 inches total; 912NB4
8-11/16 inches total

stainless steel (28% chromium,
72% iron)

OONB4 -912NB4 - 8-11/16"’ long

x .607 L.D. (7* of 30-40 mg/cm?
+ 1-11/66” of 176 mg?2) 3% long
x .607”’ L.D. (3’ of 30-40 mg/cm?
+ 14 of 176 mg/cm?2)
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90 NB4 - 912 NB4

Performance Data

Operating Voltage 122

Plateau Length 1

Slope of Plateaul,4

Starting Voltage (0.3 volt
pulses)?

Capacity at Terminals

Radial Sensitivity (approx)

Dead Time (approx)

Maximum Counting Rate 5

Background (Shielded with
2’ lead and 1/8”°
aluminum)

Life Expectance in Counts 2

Roentgen Energy depen-
dence 7

9ONB4
900 volts D.C.
in excess of 200 volts
10% per 100 volts max

825 volts max

2.4 mmf

80%

100 microseconds

1700 counts per second

50 counts per min, max
unlimited by use

120%

912N B4
900 volts D.C.
in excess of 200 volts

10% per 100 volts max

825 volts max

5.3 mmf

80%

100 microseconds

1700 counts per second

75 counts per min. max
unlimited by use

+20%

1 This data is obtained from an automatic plateau trace run on each tube. A print of this

trace is shipped with each tube,

o> o & @ N

Guaranteed 5 x 1010 counts minimum.

At an average counting rate of 100 counts per second.

For 20% dead time correction (approx.)

tremes, with gamma shield equivalent to 1/16’’ thick steel.

7 Also available with 3 pin base as shown on type 90NB4. Specify type 912NB-3. Overall
tube length with 3 pin base =11-3/8"",

2

These tubes will operate satisfactorily anywhere on the plateau.

Calculated value based on radiocobalt gamma center value with 100 KV to 3 M.E.V. ex-

9/60



90 NB4 - 912 NB4
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Amperex- 1vee 100 ¢/N ano 200 C/N Series

Permanent Sensitivity END MICA WINDOW, ALPHA-BETA COUNTERS

A _4 iy STANDARD MED
- 4 PIN BASE 2 PINS —\
WINDO! \
3 003 \
ki3 arpRoX- ; GUARD 153DIA MICA WINDOW ] 1882.003 \. 468
= ¥ r jﬁ T @) CATH.~\_~+ e
g 8 gt | =]
s St - 250+ 002 e nlo
Ed 2 =
= i _L 4 @ ne—

? MAX || “-anooe @)
MICA WINOOW ANODE ! o
| 33 2 PINS 437
1§ OIA. % o e, .1284.003

CATHODE — waLL & - 4

WHNDOW GUARD

1
100C « 100N o 208C o 200N 100CB o 100NB o 200C8 o 200NB
Description

The type 100C or 100CB is a soft X-Ray and Beta counter with an Argon filling
and a 3 to 4 mg/cm? end mica window®,

The type 100N or 100NB is primarily a Beta counter with a low voltage Neon fill-
ing and a 3 to 4 mg/cm? window 3,

The type 200C or 200CB is a very soft X-Ray, Alpha and Beta counter with an
Argon filling and a 1.4 to 2 mg/cm? window 2,

The type 200N or 200NB is an Alpha and Beta counter with a 1.4 to 2 mg/cm?
window? and a low voltage, Neon filling.

Both the 100 and 200 series tubes are intended for use in general radioassay work
and radio chemical analysis.

General Data

Operating temperature range —55% to + 750C

Quenching agent halogen admixture

Effective diameter of mica window 1-3/32”

Cathode material stainless steel (28% chromium, 72% iron)

Effective cathode dimensions 14’ long x 1-3/16” O.D. x 3/64”’ wall
100N, 100NB, 100C, 100CB,

Performance Data 200N & 200NB 200C & 200CB

Operating voltagel; 4 700 volts D.C.5 1200 volts D.C.

Plateau lengthl in excess of 200 volts in excess of 300 volts

Slope of plateaul, © 5% to 10% per 100 volts 5% to 10% per 100 volts

Starting voltage

(0.3 volt pulses)? 625 volts D.C. max. 1075 volts D.C. max.

Capacity at terminals 1.0 mmf 1.0 mmf

Radial sensitivity (approx.) 85%-90% 80%-85%

Photosensitivity & hysteresis none none

Dead time (approx.) 200 microseconds 200 microseconds

Maximum counting rate 7 830 counts per sec. 830 counts per sec.

Background (Shielded 2"’

lead and 1/8’’ aluminum) 50 counts per min. max 50 counts per min. max.
Life expectancy in counts? unlimited by use unlimited by use
Maximum operating altitude 25,000 feet 25,000 feet
Notes

1 This data is obtained from an automatic plateau trace run on each tube. A print of this trace

is shipped with each tube.

Guaranteed 5 x 1010 counts minimum.

1.4 mg/cm* mica = .0002 inch = 5.08 microns., 3.5 mg/cm2 mica = .0005 inch =12.70 micron
These tubes will operate satisfactorily anywhere on the plateau.

Also available upon request filled at 900 volts operating voltage.

At an average counting rate of 100 counts per second.

For 20% dead time correction (approx.).
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| ; 100 HB
Amperex: 1y 200 HB

END MICA WINDOW, ALPHA-BETA COUNTERS

STANDARD MED

4 PIN BASE
WINDOW 3
GUARD I5301A. MICA WINDOW
ne (D
ke mio
] ANODE (@)
33 437
3 ll’l »640
e s
Description

The type TOOHB is primiarily a Beta counter utilizing an organic quenching
agent and a 3 to 4 mg/cm?2 mica end window 1. This tube is physically identical
with the AMPEREX type 100CB and 100NB.

The type 200HB is a low energy Beta and Alpha counter utilizing an organic
quenching agent and a 1.4 to 2 mg/cm? mica end window. This tube is physically
identical with the AMPEREX type 200CB and 200NB.

General Data

Operating temperature range _ .. +15%0 + 502G

Gas Composition ...............c..c..ceooeee ... Helium with organic quenching
agent.

Effective diameter of mica window ......... 1-3/32 inches

Effective cathode dimensions ................ 1%’ long x 1/3/16’* O.D. x
3/32" wall

Cathode-material . < ... = o e = Stainless steel (28% chromium,
72% iron)

Performance Data

Operating voltage R ST e 1300 volts D.C.
Plateau length? .......... .. T RO e i) in excess of 250 volts
Slope.of platean &% ... ... i it 1.5% per 100 volts
Starting voltage 2 (1 volt pulses) ............ 1180 volts max.
Capacity at terminals .........ccociunciiiesionnnns 1.0 mmf
Dead time (approx.) .......... B LTI TP 150 microseconds
Life expectancy in counts ............ccccceveee approx. 1.5 x 108
Maximum operating altitude ........ --- 20,000 fz.
Background (shielded 2’ lead) .......... ««++» 50 counts per minute max,
Notes
1

1.4 mg/cm? mica =.0002 inch = 5.08 microns.
3.5 mg/cm2 mica = 0005 inch =12.70 microns

2 This data is obtained from an automatic plateau trace run on each tube. A print of this
trace is shipped with each tube.

These tubes will operate satisfactorily anywhere on the plateau.
At an average counting rate of 100 counts per second.
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Amperex: tpis 100LB

END MICA WINDOW, ALPHA-BETA COUNTERS

STANDARD MED.

4 PIN BA
WINDOW 3 e |§glNos03
GUARD 155DIA. MICA WINDOW 156 2.
(WITH
IMPRINT) 1 @) cATH.
ol e ]
l ‘ ® nc.
MAX.
ke 1087 —.596
33 2 PINS
4 .125+.003
1
43 =
Description

The Amperex types 100 LB and 200 LB represent the most advanced developments
in the field of halogen-quenched Geiger-Mueller tubes. They provide detection
efficiencies previously attained only with organic quenched tubes and yet maintain
the unlimited life characteristics of halogen-quenched tubes,

The inherent superiority of these tubes are characterized by low plateau slopes,

long plateau regions, high detection efficiencies and unusual uniformity of charact-
eristics from tube to tube,

In addition, they operate at low voltages, are extremely rugged mechanically and are
unaffected by the accidental application of excessive voltages.

General Data

Operating Temperature Range —559C to £ 75°C

Gas Filling neon, argon with halogen

quenching agent
stainless steel
(28% chromium, 72% iron)
o~ Effective Cathode Dimensions 1.42’ long x 1%’ O.D. x

0.051”* wall

Cathode Material

9/60 u]



100 LB o 200 LB

Performance Data

Mica Window Thickness :
100 LB
200 LB
Effective Mica Window Diameter
Plateau Region 2,3
Plateau Length %2

Plateau Slope %2

Operating Voltage 28

Radial Efficiency ®

Photosensitivity and lystersis

Dead Time %»°

Background (Shielded 2’ lead and
1/8’’ aluminum)

Life Expectancy in Counts *

Internal Series Anode Resistor

255°283.5 mg/cm2 -

1.4 - 2,0 mg/cm2

1.093 inches

450 - 750 volts

300 minimum

350 average

2% per 100 volts max

1% per 100 volts average

arbitrary, within plateau
range

98% minimum

none

250 psec max

25 counts per minute max

unlimited

10 megohms (supplied as
integral part of tube)

- OUTPUT

n
1]
i_'""l
[ !
: | ANODE S
] : RESISTOR 10
e
|
I | IOOLB
| 1200LB
fa o=k
1 +Vb
FIG. |

4 Guaranteed 5 x 10
5 The probability that any ionizing particle within the sensitive volume will initiate a

2

1.4 mg/cm” mica = 0.002 inches =5.08 microns; 3.5 mg/cm2 = 0.005 inches =1.27 microns

At a counting rate of approximately 100 counts per
ing circuit.

d with r ded opera operat-

Recommended operating circuit See Figure 1, 10 megohm resistor is already supplied as

integral part of the tube.

10 counts minimum.

discharge.
2
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Amperex: 1vpe 120 series
= Permanent Sensitivity END MICA WINDOW, BETA COUNTERS

WINDOW GUARD
RS SIS AT R |
sty

i b : Dy

S S o i 1

_mo/u:::‘ e . § 73
120C o 120N 120 NB

Description

The type 120N or 120NB is a large end window Beta counter that allows very
good counting geometries. It has a low voltage Neon gas filling and an average
window thickness* of 5,6 mg/cm?

The type 120C is filled with Argon and is useful as a Beta and X-Ray counter,
It also has a window thickness® of 5.6 mg/ch.

P

General Data
Operating temperature range ...... R 1 7 iy s
QuenchInE ABENt . ..o ins s aasinsscoane halogen admixture
Effective diameter of mica window...1-29/32?
Cathode material ............co0 oo n0n i8S stainless steel (28% chromium, 72% iron)
Effective cathode dimensions ...... . 2-11/16" long x 2”’ 0.D. x 5/64"" wall

Performance Data 120N & 120NB 120C
Operating voltage s ik 700 volts D.C. 1200 volts DC
Plateau length ...................... in excess of 200 volts in excess of 300 volts
Slope of plateau - TEn e e NS +5% to 10% per 100 volts 5% to 10% per 100 volts
Starting voltage

(0,3 volt pulses)? ---------------- 625 volts max. 1075 volts max.
Capacity at terminals ............ 1.0 mmf 1.0 mmf
Radial sensitivity (approx.).... 80% 80%
Photosensitivity & hysteresis none none
Dead time (approx.) -.........i... 300 microseconds 300 microseconds
Maximum counting rateS......... 550 counts per second 550 counts per second
Background (Shielded 2’’
lead and 1/8?’ aluminum)...... 100 counts per min, max 100 counts per min. max
Life expectancy in counts 2.... unlimited by use unlimited by use
PN Maximum operating altitude .... 15,000 feet 15,000 feet
Notes
1 This data is obtained from an automatic plateau trace run on each tube. A print of this
trace is shipped with each tube.

2 Guaranteed 5 x 10 10 counts minimum

3 These tubes will operate satisfactorily anywhere on the plateau.

4 5.6 mg/cm® mica =.0008 inch =20.32 microns

g At an average counting rate of 100 counts per second

For 20% dead time correction (approx,).
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Amperex- 1vee 150 series

_Permanent Sensitivity END MICA WINDOW, BETA-GAMMA COUNTERS

WINDOW GUARD

%I
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875¢ 015

WINDOW GUARD

3 —mica winoows3 o
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150 N (v.5.N.Type BS-1/5878)

Description

The type 150N or 150NB is a very sensitive, low voltage, halogen-quenched

Geiger counter tube for use in survey instruments. Approximate response of this

tube to hard Gamma radiation is given on reverse of this sheet. This tube meets

the requirements of U.S. Navy specification type BS-1/5979. The mica Beta window®
is 3 to 4 mg/cm2 Upon special request a 1.4 to 2,0 mg/cm? window® is available.

General Data

Operating temperature range... «—55% to + 75°C

—~ Gas filling Neon plus halogen admixture
Cathode material... .. stainless steel (28% chromium, 72% iron)
Mica window.® ..3 to 4 mg/cm?
Mica window diameter........................ 25/32"
Effective cathode dimensions ............ 4-3/8"* long x 7/8" O.D. x 3/64” wall
Performance Data
] 1

Operating voltage . . 700 volts D.C.
Plateau length 1'19 s .... in excess of 180 volts
Slope of plateau SRR e ... 10% per 100 volts max.
Starting voltage (0,3 volt pulses) . 620 volts max.
Capacity at terminals «eee 2,4 mmf
Radial sensitivity (approx.) ..80%
Photosensitivity & hysteresis .... .. none
Dead time (approx.) ..........ccc.coeivunennn. 150 microseconds
Maximum counting rate &..................... 1100 counts per second
Background (Shielded 2'' lead

and 1/8" aluminum) ...........cceuene. 75 counts per minute max.
Life expectancy in counts 2, . ... ... . unlimited by use
Roentgen energy dependance 7

(010 1170 ) i P T e B S 120%

Notes
= 1 This data is obtained from an automatic plateau trace run on each tube, A print of this trace
is shipped with each tube.

2 Guaranteed 5 x 10" ° counts minimum.

3 These tubes will operate satisfactorily anywhere on the plateau.

4 Also available upon request filled at 900 volts operating voltage

5 At an average counting rate of 100 counts per second.

6 For 20% dead time correction (approx.).

7 calculated value based on radiocobalt gamma center from 100KV to 3 M.E.V. extremes.

8 When tested according to the BS-1/5979 specification with a ratemeter with 1 volt sensitivity
and 275 microseconds resolving time, this type has a minimum plateau length of 200 volts and
maximum slope of 10% per 100 volts.

=]

1.4 mg/cm” mica =.0002 inch = 5.08 microns., 3.5 mg/cm2 mica =.0005 inch = 12.70 microns

1=



INITIAL KINETIC ENERGY OF ALPMA PARTICLE-M.EV.

PERCENT TRANSMISSION

SERIES

£ 0L MEV.

A [e, 90 mey (mex)
£ "800 MEV (18%)

3 {g“-m MEV.(85%)

£ "HB MEV. (5%)

Byt 30 MEV.

£, " 290 MEN

Epun 170 MEY.

£y 104 MEV.

ABSOLUTE THIGKNESS (Ma/cu’)
Ten

OF BETA SPECTRUM FROM SOME COMMON
Adapted from G. I. Gleason, et al — Nucleonics, Vol. 8, No. 5, 18 (1951)

MIGROAMPERES— TUBE CURRENT

»
3
| 0L I O i R

3\

T T T AT

|

ST asllﬁlélﬁmiu§ I§]§l§ i

e

| S PR

DIRECT CURRENT INDICATION

Ll

L1l

lllllllllll |
70 100

{00 gt 11
2 34 7 10 2030 200300 700 1000
MILLIROENTGENS PER HOUR (Ra OR COgo GAMMA)

TYPICAL OPERATION

COUNTS PER SECOND

EMPIRIGAL CURVE FOR

I % ": T

DETERMINING Ewax. OF

BETA SPECTRUM USING

T

ENERGY (M.EV)

A

o
¥ 3 ~ .S & y .01 02 03.04
MEAN RANGE—CM. AR OR MG/oN

ALPHA PARTICLE MEAN RANGES.

1
o7 10

7 10 20 30 70 100 200 300 700 1000

RANGE MG/CM® OF ALUMINUM

4000



Amperex- 1vreld3 0
Permanent Sensitivity X-RAY COUNTER

WINDOW GUARD 4
E g
e———— 4} CATHODE LENGTH ——+ +i
| sTStos— | - [‘“
'g =
8 X =i
L.ISO—.ZZS \ ‘ ANODE
i —— 6,000 MAX, ‘\_ {
L wca winoow £ o, CATHODE —waLL &5

Description

The type 153C is an optimum design for an end mica window, X-Ray diffraction
and fluorescence analysis counter. It has maximum sensitivity to the characteris-
tic radiation of the usual X-Ray diffraction targets. The infinite-life, halogen fill~

ing allows the exposure of the tube to the direct X-Ray beam without any adverse
effect.

General Data

Operating temperature range ... ... —55% to + 75°C

GasRIIang .. o v vt aeva e Argon plus halogen admixture

Cathode material ...........o.ccoeenns e stainless steel (28% chromium, 72% iron)
Mica window °.......... RS L SR 3 to 4 mg/cm?

Mica window diameter .................... 25/32”

Length of sensitive gas path .......... 100 mm

Recommended X-Ray beam width ..... 1,2 cm

Effective cathode dimensions .......... 4-3/8"" long x 7/8”* 0.D. x 3/64” wall

Performance Data

Operating voltage SRR E R SR 1500 volts D.C.
Plateau length = -z in excess of 400 volts
Slope of plateau .? ... 3% to 8% per 100 volts
Starting voltage (0 3 volt pulses) ... 1300 to 1400 volts
Capacity of terminals .................... 2.4 mmf

Radial sensitivity -«-eoooececvnnnnnn viene 65% to 70%

Dead time (approx.)-.-- -
Maximum counting rate
Background (Shielded 27 lead

150 microseconds
1100 counts per second

and 1/8’’ aluminum) -.eroeeeeeiniannns 60 counts per minute max.
Life expectancy in counts S e unlimited by use
Notes

1 This data is obtained from an automatic plateau trace run on each tube. A print of this
trace is shipped with each tube.

Guaranteed 5 x 10" counts minimum,

These tubes will operate satisfactorily anywhere on the plateau.

At an average counting rate of 100 counts per second.

For 20% dead time correction (approx.).

3.5 ng/cm?2 mica = .0005 inch = 12.70 microns.

oo s DN
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Amperex- e 155N
Permanent Sensitivity END MICA WINDOW, BETA-GAMMA COUNTER

o~
e—————4 3/8 CATHODE
Looo 302 LENGTH 3%
/ CATHODE WALL - 3/64 ey
WINDOW GUARD / “
/ .250 DIA.
MICA WINDOW/ L_’ + LA ANODE
=SS DAL - 72t o5 CAP
6 MAX
Description
The Amperex type 155N is a highly sensitive, halogen quenched Geiger counter
tube for the detection of gamma and beta radiations. Because of its geometery,
the tube is well suited for use in survey instruments.
A
Upon special request, the 155N can be supplied at an operating voltage of 700
volts. A mica window ! of 3 - 4 mg/cm2 can also be provided if desired,
General Data
Operating Temperature Range —55°C to + 75°C
Gas Filling Neon plus halogen
admixture
Cathode Material stainless steel (28%
chromium, 72% iron)
Mica Window 1 1.4 - 2.0 mg/cm?
Mica Window Diameter 2950 inches
Effective Cathode Dimensions 4-3/8’ long x 7/8”* O.D.
x 3/64" wall
P

1 1.4 mg/cm? mica =.0002 inch = 5,08 microns, 3.5 mg/cm? mica = .0005 inch =12.70
microns.

10/60 1



155N

Performance Data

Operating Voltage 2,54
Plateau length 1,5
Slope of Plateau1,5,6
Starting voltage (0.3 volt pulses) 2
Capacity at Terminals
Radial Sensitivity (approx.)
Photosensitivity & Hysteresis
Dead Time (approx.)
Maximum counting rate 7
Background (Shielded 2’ lead
and 1/8’’ alumimum)
Life expectance in counts®
Roentgen energy dependance
(unfiltered)

e}

900 volts D.C.

in excess of 180 volts

10% per 100 volts max.,
820 volts max

2.4 mmf

80%

none

150 microseconds

1100 counts per second

75 counts per minute max.
unlimited by use

120%

trace is shipped with each tube.

This data is obtained from an automatic plateau trace run on each tube. A print of this

This tube will operate satisfactorily anywhere on the plateau.

4 Also available upon request filled at 700 volts operating voltage

o]

®© © N O

When tested according to the BS-1/5979 specification with a ratemeter with 1 volt sensi-
tivity and 275 microseconds resolving time, this type has a minimum plateau length of
200 volts and maximum slope of 10% per 100 volts.

At an average counting rate of 100 counts per second,
For 20% dead time correction (approx)
Guaranteed 5 x 1010 counts minimum

Calculated value based on radiocobalt gamma center from 100KV to 3 M.E.V. extremes

B2 10/60



155N

100
p2 a7 MEV.
be S AU e w966 MEV. (85%)
Epuy "801 MEV. (18%)
80cfs 31
1 £,y 800 MEV.(85%)
Epay "316 MEV. (15%)
70 :
&
"
@
3 e0n co®® €, "310 MEV.
2
-3
-
= 5 —
x 48
8 ca E oy 250 MEV
@«
w
[
40 [~
30 e
38
s Epax 170 MEV
- ¢ g, =54 MEV
20 MAX. =
& | 1 ! L ! 1 !
o | 2 3 . s s 7

ABSOLUTE THICKNESS (“G/CU:)

CALCULATED TRANSMISSION OF BETA SPECTRUM FROM SOME COMMON RADIOISOTOPES

Adapted from G. I. Gleason, et al — Nucleonics, Vol. 8, No. 5, 18 (1951)

10/60 m3



155N

100 — 10,000
10 — 17,000
40 [— —{ 4,000
30 |— — 3,000
20 — — 2,000
z o —1,000
& = = 2
T T H— =] T00 g
=) =y o
9 = ] *
:;.f = — 400 2
2 i —{300 W
| = =2
A —200 “ P
4 z
G B —- S
& 3
P 100
S =)
S .7f =70
3 = =
a4 — 40
3 — 30
2 DIRECT CURRENT INDICATION — 20
i e o [ ] (S W llLllIIllll o R D 10
I 2 34 7T 10 =20 30 70 100 200300 700 1000

MILLIROENTGENS PER HOUR (Ro. OR COGO GAMMA)

TYPICAL OPERATION

w4 10/60



8 ,*
W

7
> 2=
= 7 o
J, 6 // /*G
o |
: 4 LT Lo
EE 5 ,/’// ‘k,‘“blo

\)
2 ] /, ‘,\,\\"\“
'5 4 / /
. <
9 i
Wi -3 A
e

g & ///
e / /
2 /,//
=

: Y.

74
2 0 | 2 3 4 5 6 7

MEAN RANGE —CM. AR OR MG,/CM?

ALPHA PARTICLE MEAN RANGES.

10/60

L}



155N
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Amperex- e 160-G
Permanent Sensitivity GAMMA COUNTER

l———— 8,125 MAX.————»>]

f~¢— 6,3751.015
—T—m—ﬁlz
A - Hud

st

5-40 THREAD

CERAMIC INSULATOR .88

ANODE CONNECTIONS
Description

The type 160G is a highly sensitive gamma counter tube which can be operated at
temperatures up to 175°C with virtually no change in characteristics. The infinite-
life halogen filling gives the tube an unusual electrical ruggedness to match its
mechanical strength,

~~. General Data

Operating temperature range —55°C to + 175°C
Gas filling neon plus halogen admixture
Cathode material stainless steel (28% chromium, 72% iron)
Effective cathode dimensions .410"” O.D. x 6.3 long x 0,20’ wall
Performance Data
Starting voltage 1 590 - 630 volts
== Plateau 680 - 780 volts

Slope of Plateau2(—55°C to + 175°C) 15% per 100 volts max.
Background 3 (shielded with .025"

aluminum inside 2'° lead) 40 counts per minute
Pulse Amplitude # 120 volts min,
5NVT; ]
PROE ozsw
s R0 1V PULSE &)
}

FiG.1, TEST CIRCUIT FOR MEASUREMENT OF STARTING
VOLTAGE AND PULSE AMPLITUDE

1 See Test Circuit. The recommended starting voltage is that which produces uniform 1 volt
pulses at the input to the oscilloascope probe. Between 25C and 150C the maximum increase
in starting voltage should never be more than 20 volts;

2 At a nominal counting rate of 100 counts per second.

3 When operating at 700 volts, 25°C.

4 When operating at 700 volts.

Revised 6/59 |l
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Amperex- net 1/0-G
Permanent Sensitivity GAMMA COUNTER

19.000 MAX., —————

=

2 MAX.
N \ CATHODE

CERAMIC INSULATOR

5-40 THREAD

ANODE CONNECTIONS
Description

The type 170G is a highly sensitive gamma counter tube which can be operated at
temperatures up to 175°C with virtually no change in characteristics. The infinite-

life halogen filling gives the tube an unusual electrical ruggedness to match its
mechanical strength.

General Data

Operating temperature range —55°C to £ 1752€
Gas filling neon plus halogen admixture
Cathode material stainless steel (28% chromium, 72% iron)
Effective cathode dimensions .410”” O.D. x 17"’ long x 0.20’’ wall
Performance Data
Starting voltage 1 590 - 630 volts
—»— Plateau 680 - 780 volts

Slope of plateau?(_55°C to + 175°C) 15% per 100 volts max
Background 3 (shielded with .025”’

aluminum inside 2’ lead) 80 counts per minute
Pulse Amplitude 4 120 volts min,

HY

590V~

SRORE 025 MFD

UNTER

co
crRO 1V PULSE f JTUBE

FIG.1, TEST CIRCUIT FOR MEASUREMENT OF STARTING
VOLTAGE AND PULSE AMPLITUDE

1 See Test Circuit. The recommended starting voltage is that which produces uniform 1 volt
pulses at the input to the oscilloscope probe. Between 25C and 150C the maximum increase
in starting voltage should never be more than 20 volts.

2 At a nominal counting rate of 100 counts per second.

3 When operating at 700 volts, 25°¢"

4 When operating at 700 volts.

H1
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Amperex- 1vre Z4UN
Permanent Sensitivity ALPHA-BETA GAMMA, X-RAY COUNTER

2
S{CATHODE 150 MG/CM WALL

STANDARD PEEWEE

ll
by

4
EFFECTIVE CATHODE LENGTH

51 MAX,

3 PIN BASE
() ANODE PIN
——l«r S
MA

8
MICA WINDOW 12 pia.
32

WINDOW GUARD

Description

The type 240N is a probe tube with a long cathode that makes it sensitive to
Gamma radiation at tolerance dosage levels. The 1.4 to 2 mg/cm?, mica

window ! on a tube of this general size and shape gives Alpha and Beta sen-
sitivity to survey instruments using this tube in place of similar Gamma tube
types. The 3 pin base fits into a standard socket and makes the tube readily

interchangeable with other types.

General Data

Operating temperature range
Gas filling
Cathode material

Mica window 1
Mica window diameter
Effective cathode dimensions

—55” to +75°C

Neon plus halogen admixutre

stainless steel (28%
chromium, 72% iron)

1.4 to 2 mg/cm?

13/321

4” long x ,605” LI.D. x
.010”’ wall

114 mg/cm2 mica = ,0002 inch =5.08 microns.

Revised 3/61
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240N

Performance Data

Operating VoltageQ, s

Plateau length 2

Slope of plateau %5

Starting voltage
(0.3 volt pulses)2

Capacity at terminals

Radial sensitivity, beta or X-Ray
(through window)

Radial sensitivity, gamma (approx.)

Photosensitivity & hysteresis

Dead time (approx.)

Maximum counting rate &

Background (Shielded with 2’ lead
and 1/8” aluminum)

Roentgen energy dependance 7

Life expectancy in counts 8

850-900 volts D.C.
in excess of 150 volts
less than 15% per

100 volts

800 volts max.
2.4 mmf

99%

80%

none

100 microseconds
1700 counts per sec.

50 counts per min. max.
1 20%
unlimited by use

N O 0o

This data is obtained from an automatic plateau trace run on each tube. A print of this

trace is shipped with each tube.

This tube will operate satisfactorily anywhere on the plateau.

Also available at 700 volts operating voltage upon special request.

At an average counting rate of 100 counts per second.

For 20% dead time correction (approx.)

Calculated value based on radiocobalt gamma center value with 100KV to 3 M.E.V.

extremes.

10

Guaranteed 5 x 10"~ counts minimum,



240N
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Amperex- ne 18503
A\Permanent Sensitivity GAMMA COUNTER

591

1.693

U —394

— 039

|
o 669
. Description
The Amperex type 18503 is a halogen quenched geiger tube for the detection and
measurement of gamma radiation. Because of its mechanical ruggedness and ex-
cellent plateau characteristics, namely a long plateau region with a low slope
and relatively low operating voltage, it is ideally suited for applications in port-
able survey and monitoring equipment, These characteristics permit considerable
simplification in associated transistorized power supplies,

The tube is unusually stable with extremely small variations in characteristics
from tube to tube,

General Data

Operating Temperature Range —55°Cto + 75°C

Gas Filling neon, argon plus halogen
quenching agent

Cathode Material stainless steel (28%
chromium, 72% iron)

Cathode Wall Thickness 250 mg/cm

Capacity at Terminals 2 puf (approx)

A Mounting see note 1

1 Low capacity mounting of the counter tube is required. (Shortest possible connector
between anode and anode circuit is required for low capacity.)

9/60 |1



18503

Performance Data
Bl Ut e bkt e

Starting Voltage
Plateau Length 2

Plateau Slope &

Beginning of Plateau 2
Background (shielded with 1/8’’ aluminum

and 2" lead)?
Dead Time 2

Anode Resistor (recommended value)

Recommended Circuit

275 volts min

325 volts max

225 volts min

250 volts average
0.01 %/volt average
0.02 %/volt max
425 volts max

10 counts/minute max
100 psec max

10 megohms
see figure 1

Note: In order to prevent leakage the tubes should be kept dry and well cleaned.

—G

— OUTPUT

2 At about 100 counts/sec and R = 10 meghoms; operating voltage arbitrary within

plateau.
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Amperex- e 18505

Permanent Sensitivity END MICA WINDOW, BETA-ALPHA-GAMMA COUNTER

*—/.024 —

Description

l—_'087

==l 07
=472

The Amperex type 18505 is a mica end window, halogen quenched geiger tube for
the detection and measurement of beta, alpha and gamma radiation. Because of
its mechanical ruggedness and excellent plateau characteristics, namely a long
plateau region with a low slope and relatively low operating voltage, it is ideally
suited for applications in portable survey and monitoring equipment. These char-
acteristics permit considerable simplification in the associated transistorized
power supplies. As a result of its small size, it is easily incorporated in probe

type instruments,

The tube is unusually stable with extremely small variations in characteristics

from tube to tube.

General Data

Operating Temperature Range
Gas Filling

Cathode Material

Mica Window Thickness
Cathode Wall Thickness
Capacity at Terminals
Mounting

—55°C to + 75°C

neon, argon plus halogen
quenching agent

stainless steel (28%
chromium, 72% iron)

1.5 - 2 mg/cm2

0.047.inches

2.5 ppuf (approx)

see note 1

Low capacity mounting of the counter tube is required. (Shortest possible connector be-

tween anode and anode circuit is required for low capacity,

9/60
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18505

Performance Data
e

Starting Voltage 300 volts min

350 volts max
Plateau Length 2 250 volts min

300 volts average
Plateau Slope 2 0.01 %/volt average

0.02 %/volt max
Beginning of Plateau 2 450 volts max
Background (shielded with 1/8”

aluminum and 2 lead)? 15 counts/minute max,

Dead Time 2 200 psec max
Anode Resistor (recommended value) 10 megohms
Recommended Circuit see figure 1

Note: In order to prevent leakage the tubes should be kept dry and well cleaned,

$ OoUTPUT

1710 R

o

+ Vg

FIG. |

2 At about 100 counts/sec and R = 10 megohms; operating voltage arbitrary within
plateau.

H2 9/60
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Amperex- e 18506

Permanent Sensitivity END MICA WINDOW, BETA-ALPHA-GAMMA COUNTER

1.339
DIA
=087
[
1.496
e 9
U” = A2
e S T B )
JL—.O39 DIA
S Description
The Amperex type 18506 is a mica end window, halogen quenched geiger tube for
the detection and measurement of beta, alpha and gamma radiation, Because of its
mechanical ruggedness and excellent plateau characteristics, namely a long plat-
eau region with a low slope and relatively low operating voltage, it is ideally
suited for applications in portable survey and monitoring equipment. These char-
acteristics permit considerable simplification in the associated transistorized
power supplies. As a result of its small size, it is easily incorporated in probe
type instruments,
The tube is unusually stable with extremely small variations in characteristics
from tube to tube,
General Data
Operating Temperature Range —55°C to + 75°C
Gas Filling neon, argon plus halogen
quenching agent
Cathode Material stainless steel (28%
chromium, 72% iron)
P Mica Window Thickness 2.5 - 3,5 mg/cm?2
Cathode Wall Thickness 0.051 inches
Capacity at Terminals 3.5 puf (approx)
Mounting see note 1

1 Low capacity mounting of the counter tube is required. (Shortest possible connector be-
tween anode and anode circuit is required for low capacity.)

9/60 1]



18506

Performance Data
e

Starting Voltage 325 volts min
375 volts max \
-

Plateau Length 2 300 volts min

350 volts average
Plateau Slope 2 0.01 %/volt average

0.02 %/volt max
Beginning of Plateau 2 450 volts max
Background (Shielded with 1/8’’ aluminum

and 2"’ lead)? 25 counts/minute max

Dead Time 2 250 psec max
Anode Resistor (recommended value) 10 megohms
Recommended Circuit see figure 1

Note: In order to prevent leakage the tubes should be kept dry and well cleaned.

—® OUTPUT ~

s

1/10 R

|| €2

+ Vg

FIG. |

2 At about 100 counts/sec and R =10 megohms; operating voltage arbitrarty within
plateau.

/AN
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Amperex- e 18509

Permanent Sensitivity GAMMA COUNTER

.276 DIA
I

.630

L oss

DIA
Description
—

“The 18509 is a halogen quenched geiger tube for the detection and measurement of
gamma radiation. Because of its small size and unique characteristics it has found
wide application in portable survey and monitoring equipment.

The tube is capable of operation throughout a wide range of radiation field inten-
sities. In low intensity radiation fields it can be used as a conventional geiger
tube, In higher fields, the tube can be used as a current integrating device in that
the current flowing through the tube can be fed directly to a meter or other indicat-
ing device. In this manner, the tube will provide a semi-logarithmic response up to
fifty microamperes in fields as high as 200 roentgens per hour.
General Data
Operating Temperature Range —55°C to + 75°C
Gas Filling neon, argon plus halogen
quenching agent
Cathode Material stainless steel (28%
chromium, 72% iron)
Cathode Wall Thickness 80 -.100 mg/cm?2
. Capacity at Terminals 1 puf (approx)
Mounting see note 1
s

Low capacity mounting of the counter tube is required. (Shortest possible connector be-
tween anode and anode circuit is required for low capacity.)

9/60 m1



18509

Performance Data

Starting Voltage 295 volts min
335 volts max -
Plateau Length 2 150 volts min
175 volts average
Plateau Slope 2 0.07 %/volt average
0.15 %/volt max
Beginning of Plateau 2 375 volts max
Background (shielded with 1/8’’ aluminum®
and 2’ lead) 2 2 counts/minute max
Dead Time 2,3 60 psec max
Anode Resistor (recommended value) 10 megohms
Recommended Circuit see figure 1

Note: In order to prevent leakage the tube should be kept dry and well cleaned.

$ OUTPUT _

i 1710 R

FIG. |

2 At about 100 counts/sec and R =10 megohms; operating voltage arbitrary within
plateau.

3 With R =2 megohms, dead time is 20 [sec max,



COUNTS PER SECOND

9/60

18509

PLATEAU CURVE
TYPE 18509

= VVTVV\,—+Ebb

@ T
[ ou TﬁPU i

110 =

il

100 =
90 %

80 1

350 400 450 500 2p0 600

SUPPLY VOLTAGE(VOLTS)

u3



18509

) )

(SLTOA)39V.LTIOA JAONV

008 00. 009 005 00t oomo
SWHO9IWO| = §0LSIS3Y avoT IQONV 2
02
)
Lyt
= - ov
09

6058! IdAL
3A48N2 3NWIL av3a

9/60

(SANOD23S-04IJIW)3NWIL av3a

E4



Amperex- e 18515
Permanent Sensitivity END MICA WINDOW, BETA COUNTER

Q.984-
™ 1.024
DIA. ro.oest.ms

CATHODE—a] F
0.669MAX
= t
0.433MAX 1.181 MAX
e le— | ANODE 1
s ——l 0.039 DIA.
—ﬂ 0.925 MAX |e—

Description
Seseopon

The Amperex type 18515 is a halogen quenched geiger tube for the detection and
measurement of beta radiation, Its unique design provides for a beta detection
efficiency that is virtually the same as that obtained by organic quenched tubes
and exceeds that of other halogen quenched tubes previously available,

The 18515 is especially designed to be used with guard tube counter type 18517
for low background measurements. For this application special materials and pro-
cessing have been utilized to reduce the effects of radioactive contamination.

General Data

Operating Temperature Range —50°C to+ 75°C

Gas Filling neon, argon, plus halogen
quenching agent

Cathode Material stainless steel

(28% chromium, 72% iron)
Effective Cathode Dimensions

Wall Thickness 0.047 inches
Inside Diameter 0.78 inches
Effective Length 0.51 inches
Mica window Dimensions
Thickness 1.5 - 2.0 mg/cm2
Effective Diameter 0.78 inches
Capacity at Terminals 1.5 pupf
Weight 0.53 ounces
Mounting See Note 1

1 Low capacity mounting of the counter tube is required. (Shortest possible connection
between anode and anode circuit is required for low capacity.)

Revised 4/60 |1



18515

Performance Data

Ambient Temperature 259%C
—— Starting Voltage 400 volts max
—— Operating Voltage (Anode Resistor = 10 megohms) 650 volts max
—» Recommended Operating Voltage 575 volts
——— Plateau Range 500 - 650 volts
Slope of Plateau 3%/100 volts max
Dead Time (Anode Voltage =515V) 150 microseconds max
Background (shielded by 2’’ mercury enclosed
within 4°? iron) 6.5 counts/minute max
—» Anode resistor (recommended value)?’ 4 10 megohms
Typical Operating Circuit see Figure 1

ANODE RESISTOR
—{— OUTPUT

{OMEG.
18515 I | MEG.-

+Vb

FIG. |

2 Minimum anode resistor = 5 megohms

3 See Figure 1



Amperex- e 18510

Permanent Sensitivity CHROMIUM - IRON END WINDOW, BETA COUNTER

1.299—
a3%e
j j0.0BGt,OIS
CATHODE ] Lizr—-1 v
™ 1.217™ 0.906 MAX
' { 1.417 MAX
0433 MAX
i < -ANODE l
0.472 —o 0.039DIA.
MAX o 1.260MAX [e—
Description
The Amperex type 18516 is a halogen quenched geiger tube for the detection and
measurement of beta radiation. Its unique design provides for a beta detection
efficiency that is virtually the same as that obtainted by organic quenched tubes.
— The 18516 is specially constructed to fit with guard tube counter type 18518 for
low background measurement, For this application special materials and pro-
cessing have been utilized to reduce the effects of radioactive contamination,
General Data
Operating Temperature Range —50°C to & i752C
Gas Filling neon, argon, plus halogen
quenching agent
Cathode Material stainless steel
(28% chromium 72% iron)
Effective Cathode Dimensions
Length 0.71 inches
Inner Diameter 1.09 inches
Wall Thickness 0.05 inches
End Window Dimensions
Thickness 10 mg/c:m2
Effective Diameter 1.09 inches
Area 2.40 inches 2
Weight 0.8 ounces
S Mounting see Note 1
Capacity at terminals 1.5 puf

1 Low capacity mounting of the counter tube is required. (Shortest possible connector
between anode and anode circuit is required for low capacity.)

Revised 4/60 | B



18516

Performance Data
L et et e

Ambient Temperature

Operating Voltage (Anode Resistor = 10 megohms)

Recommended Operating Voltage

Starting Voltage

Plateau Range

Slope of Plateau

Dead Time (Operating Voltage = 600 volts)

Background (shielded with 2’’ mercury
with 4’? iron)

Anode Resistor (recommended value) £33

Typical Operating Circuit

ANODE RESISTOR

25°C
700 volts max
600 volts
375 volts max
500- 700 volts
3%/100 volts max
100 microseconds max

10 counts/minute max
10 megohms
see Figure 1

|——> OUTPUT

10 MEG.

18516
i _ | MEG.
N

+ Vb
FIG. 1

2 Minimum anode resistor = 5 megohms
3 See Figure 1



Amperex- e 18511/
Permanent Sensitivity COSMIC RAY GUARD COUNTER

[~ gg 307 MAX.DIA—~]
MAX .59
/\ MAX
2.953 =
MAX / e
\
I
: | —=1.181 —=—
1.929~2.087 ! ——
I i | caTHODE
f ]
i %1

“'( L221-1.229 L
DIA.

~e——3.149 MAX.DIA:

Description
ey g

The Amperex type 18517 is a halogen quenched geiger tube for measurements re-
quiring a low background and is used as a complete anti-coincident guard assem-
bly for the beta counter 18515. Due to its unique geometry and special ﬁllihg it
has a cosmic ray efficiency of virtually 100%.

General Data
At e Lo

Operating Temperature Range —50°C to + 75U

Gas Filling neon, argon, plus halogen
: quenching agent

Cathode Material stainless steel

(28% chromium, 72% iron)
Cathode Dimensions

Wall Thickness 0.04 inches

Other Dimensions see outline drawing
Weight 6.17 ounces
Mounting see Note 1
Capacity at terminals 5.5 puf

Low capacity mounting of the counter tube is required. (Shortest possible connection
between anode and anode circuit is required for low capacity.)

Revised 4/60 mi




185117

Performance Data

Ambient Temperature
Recommended Operating Voltage
Plateau Range

Slope of plateau

Starting Voltage

Dead Time

Background (shielded by 2’ mercury
enclosed within-4’’ iron)

Anode Resistor < (recommended value)

Measuring Circuit

ANODE RESISTOR

|—= output

+Vb

F16.1

25°C
1000 volts
800-1200 volts
3%/100 volts max
550 volts min
650 volts max
1 millisecond max

75 counts/minute max
10 megohms
see Figure 1

+Vb

18517

CATHODE
RESISTOR

R

p———= output

|
IOR

FIG.2

2 Measured at 50 c/s frequency and 10 megohms an

3 gee Figure 1

ode resistor

4 When used in anti-coincident circuit it is recommended that pulse be taken from cathode as

shown in Figure 2.
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Amperex- v 18518
Permanent Sensitivity COSMIC RAY GUARD COUNTER

l=—3.071 DIA.MAX ——=
.59
MAX c .59
MAX
2.953 5 et
MAX / \
/ \
I
! } =-1.18] —=—
2.165%0.078 : ]
1
I | CATHODE
f T
I |

——] 1.535-1.614 L——
F——3.|49 MAX DIA:

Description

The Amperex type 18518 is a halogen quenched geiger tube for measurements re-
quiring low background. It serves as a complete anti-coincident guard assembly

for the beta counter 18516 and contains a special filling which insures a cosmic
ray efficiency of virtually 100%.

General Data

Operating Temperature Range =502C to +75°C

Gas Filling neon, argon, plus halogen
quenching agent

Cathode Material stainless steel (28%

chromium 72% iron)
Cathode Dimensions

Wall Thickness 0.04 inches
Other Dimensions see outline drawing
Mounting see Note 1
Capacity at terminals 8 uuf
Weight 6.9 ounces

Low capacity mounting of the counter tube is required. (Shortest possible connection
between anode and anode circuit is required for low capacity.
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18518

Performance Data

Ambient Temperature
Recommended Operating Voltage
Plateau Range

Slope of Plateau?

Starting Voltage

Dead Time

Background (shielded with 2’’ mercury
enclosed within 4’’ iron)

Anode Resistor ° (recommended value)

Measuring circuit =

ANODE RESISTOR

F—— ourrut

o

) 18518

+Vb

FIG.1|

25°C
1000 volts
800- 1200 volts
3%/100 volts max
550 volts min
650 volts max
1 millisecond max

70 counts/minute max
10 megohms
see Figure 1

l———v +Vb
18518

CATHODE
RESISTOR

R

: |—> QUTPUT

FIG.2

2 Measured at 50 ¢/s and 10 megohms anode resistor

3 see Figure 1

4 When used in anit-coincident circuit it is recommended that pulée be taken from

cathode as shown in Figure 2.

B2
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Amperex- v 18550

__ Permanent Sensitivity MINIATURIZED HALOGEN-QUENCHED GEIGER TUBE

/
25 MAX

ANODE CATHODE

.039 DIA. ~
i R o
=DIA. ﬁ DIA. MAX

25$3%* /
‘_6_4’ ‘—/E e
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Description

The Amperex type 18550 is a miniaturized halogen-quenched Geiger tube designed
to detect and measure gamma and medium energy beta radiation. Its size, rugged-
ness and excellent plateau characteristics make it ideal for use in portable instru-
mentation and for the monitoring of relatively high intensity radiation fields.

General Data

Ambient Temperature —50°C min
+75°C max
Gas Filling neon, argon plus halogen
quenching agent
Cathode Material stainless steel

(28% chromium, 72% iron)
Effective Cathode Dimenstions

Wall Thickness 36 + 4 mg/cm %

Inside Diameter 0.31 inches

Effective Length 1.06 inches
Mounting see note 1
Weight 0.04 ounces
Capacity at Terminals 1.1 puf

1 Low capacity mounting of the counter tube is required (shortest possible connection be-
tween anode and anode resistor and small capacity of anode to ground). See recommended
circuit, Fig. 1.
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18550

Performance Data (Ambient Temperature = 25°C)

Anode Resistor (See Figure 1) 2 megohms min
5 megohms average
Operating Voltage 700 volts max
Starting Voltage 330 - 380 volts
Recommended Operating Voltage arbitrary, within
plateau
Plateau 500 - 650 volts
Plateau Slope 0.04 %/volt max
Background (Shielded with 1,97’ iron and
0,12’ aluminum, lead outside) 5 counts/minute max
Dead Time (Operating Voltage = 600 V) 75 usec

NOTE: In order to prevent leakage the tube should be kept dry and well
cleaned.
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Amperex

MERCURY

GENERAL

VAPOR

RECTIFIER TUBES

INFORMATION AND APPLICATION NOTES

HIGH VOLTAGE

nitting tubes.

es, from A.C. power supplies.

high efficiency of these tubes is due primar-
he use of ionized mercury vapor as the cur-
prducting medium. The positive mercury ions
ed during the: conducting half cycles, neu-
the negative electron space charge and al-
e passage of high currents with the expendi-
f a relatively low voltage drop across the
n order to realize fully the advantages of
vapor rectifiers and to obtain long life,
hode must be amply proportioned and cap-
supplying, with a conservative margin,
nt electron emission for the peak current de-
The physical size and configuration of the
ust be such as to allow the condensed mer-
P assume a proper temperature in order to
in a sufficient density of mercury vapor for
te space charge neutralization of the high-
d.currents; yet the density must not be so
to make possible “arc-backs’ under condi-
f high voltage operation, under practical
ing conditions. The tubes must be entirely
pm any foreign gases or vapors which may
@ mercury vaporized to an amount insuffi-

SE TUBES are half-wave rectifiers for use singly or in various combinations for the conversion of an
nating circuit supply to a direct current supply for the operation of medium and hich power radio

hese rectifiers are characterized by a very low and relatively constant voltage drop and the ability
high values of peak and average current at high applied voltages. They provide an economical
ficient means for obtaining D.C. voltages of 1000 to 20,000 volts at average currents of from ¥z to 60

cient for space charge neutralization and force
operation with higher voltage drops and increased
probability of “arc-back.”

Amperex Mercury Vapor Rectifier tubes embody
details of design and processing which assure the
fullest realization of the advantages of this class of
tube plus extraordinary life capabilities.

The cathodes are oxide coated special alloy fila-
ments that possess an unusually high electron
emission efficiency. This cathode area is large and
the operating temperature low. The current density
through the tubes is' therefore reduced; conse-
quently the tolerance for temperature variations
of the filament and condensed mercury and result-
ant variations in vapor density is increased, as
well as the tolerance of the tubes for handling high
inverse voltage without arc-back. In Amperex
shielded type of mercury vapor tubes, cathode
configurations that may restrict the free passage of
ions, with consequent failure to provide space
charge neutralization for all portions of the cath-



ode, are avoided. This assures uniform current dis-
tribution over the entire cathode and also reduces
the ignition-voltage and average arc-drop. For
these reasons remarkable life may be realized
even under conditions of very low temperature
and high supply frequency operation.

Complete de-gassing of elements, evacuation
equal to those demanded in high vacuum tubes,
complete filament coating conversion, distilling of
required amount of pre-distilled mercury into the
finished tube, are details of processing that de-
crease the rate of “blackening” in service and
further help maintain the high inverse voltage
handling ability of Amperex Rectifier tubes for
many thousands of hours of peak-rating service.

MOUNTING AND CIRCUIT REQUIREMENTS

Mercury vapor rectifier tubes must be mounted
in a vertical position with filament terminals at the
bottom.

Air Circulation

To prevent undue temperature rise of the bulb
there should be free air circulation around the rec-
tifier tubes. To this end the tubes should be well
separated from each other and all surrounding ap-
paratus, and the bottom, sides and top of their
enclosure should be perforated or supplied with
ventilation openings. The tubes should be pro-
tected from rising hot currents from other heat dis-
sipating portions of the same equipment. To mini-
mize the probability of arc-backs and premature
failure due to artificial rise in ignition voltage, the
tubes should be isolated from high voltage or radio
frequency fields.

Automatic Time Delay

Equipments using mercury vapor rectifier tubes
should provide an automatic time delay of a per-
iod specified in the individual tube rating, between
the application of filament voltage and plate volt-
age, to allow the filament temperature and the
mercury vapor pressure to come up to a normal
operating condition.

Filament Starter

In addition, an automatic or manual filament
starter is required for the types 869 and 857 and

larger tubes, which will allow a gradual bui
up of voltage across the filaments of the c
limit the initial rush of filament current th
the cold filament to a value not in excess of 2
of the rated filament current.

Protecting Equipment

To minimize the probability of permanently ¢
aging the rectifiers or associated equipment
advisable to fuse the individual rectifier tube:
leads or to provide a quick acting circuit bre
in the primary of the plate supply.

Temperature

In the case of the larger rectifiers it is somet
necessary to provide artificial cooling in ord
maintain the condensed mercury temper
within the range specified for peak rating o]
tion. In such cases, an air stream should b
rected against the lower end of the neck of the
in the vicinity of and slightly above the fila
base.

The temperature of the air stream should be
trolled to a temperature of approximately 3|
and a flow of about 10 to 15 cubic feet per m
per tube. This will maintain the condense
cury temperature within the limits of 30° to 4
and allow continuous maximum rating oper

OPERATING INSTRUCTIONS

When first placed in service, all types of
cury vapor tubes should be operated with filg
alone for a period of 30 to 60 minutes, to allo
vaporization and redistribution of any mer
hering to the filament, anode, filament shi
anode supports. After this pre-heating, the f
mal operating voltage may be applied only
resulting peak inverse voltage is less than
volts. For higher voltage operation the i
applied plate voltage should be reduced to a
which will not allow the peak inverse volta
tube to exceed 6000 volts and the tube allov
operate for about 5 minutes. The plate v
should then be gradually increased over a
of about 15 minutes until normal plate voltg
reached. If persistent arcing occurs before n
voltage is reached, the tube should be kep
while at a voltage just below the arc-back
and then increased at a more gradual rate
mal voltage. Refusal of a tube to take the



mal voltage after the specified treatment may be

A=, inditative of too high a condensed mercury tem-

.

perature, due either to improper ventilating condi-
tion& or abnormal temperature rise due to numer-
ous arc-backs and consequent temporary impair-
ment of filament emission.

In such cases the tube should be allowed to cool
by opening the plate and filament circuits and the
above process repeated with an increased period
of 8000 volt operation before the voltage is in-
creased.

In subsequent operation the pre-heating period
with filament alone may be reduced to values of
from 15 seconds to about 10 minutes in accordance
with the individual tube ratings. The normal plate
voltage may then be applied directly without build-
ing up.

When me'xcury vapor-rectifier tubes are used to
supply a radio transmitter that is operated inter-
mittently, the filaments of the rectifiers should be
maintained at normal voltage except when pauses
between operations are of long duration. The fre-
quent starting and stopping of the filament may
cause its premature failure by breakage and is
further undesirable because of the delay required
for filament pre-heating.

5 OPERATING RATINGS

The limiting factors to the safe use of any mer-
cury vapor rectifier tubes are given in terms of
“Maximum Ratings" as regards the “Peak Inverse
Voltage,” "Peak Plate Current,” "Average Cur-
rent.”!

Peak Inverse Voltage

The “Peak Inverse Voltage" is the maximum in-
stantemeous voltage appearing across a rectifier
tube during its non-conducting half cycle when the
anode is negative with respect to its cathode.

The maximum inverse voltage that a mercury
tube can handle without arc-back is a function of
the l&be configuration, the vapor pressure of the
mercury, the magnitude of current density during
its conductive half-cycles, the frequency of supply
volta§e alternations and numerous design and
processing details as they may affect the electron
emissivity of the anode and deposits on the bulb,

and the susceptibility of the tube to external ioniz-
ing influences. The “Maximum Peak Inverse Rat-
ings” of the various types of rectifier tubes
described in this catalog are based upon the above
considerations with a conservative allowance
a factor of safety. To assure of satisfactory serv-
ice, this rating should never be exceeded. A tabu-
lation of the relationship of the “Peak Inverse
Voltage,” the D.C. output voltage and the R.M.S.
value of the A.C. input voltage will be found under
“Application Notes.”

Maximum Peak Plate Current

The ratings as to “Maximum Peak Plate Current”
represent the highest instantaneous value of cur-
rent that may safely be carried through the tube
during its conductive half cycle. This value de-
pends upon the total electron emission available
from the cathode, and where the cathode is a fila-
mentary type this value further depends upon the
phase of the filament excitation with respect to
the phase of its plate supply voltage, and on the
operating filament voltage.

The normal rating assumes in-phase excitation.
With the filament supply in phase with the plate
supply, the maximum plate current demand coin-
cides with the maximum voltage across the fila-
ment, with the result that the maximum current
density, and therefore emission demand, occurs
at the positive end of the filament.

In tubes having a five volt filament, like types
872-A, 575-A, 869-B and others, the emission de-
mand at the positive end of the filament may be
twice the average emission demand, and the rated
maximum peak current must therefore be held
down to approximately half the value that could be
supported if the current density, and therefore
emission demand, were uniformly distributed
across the filament.

A more uniform distribution may be obtained by
exciting the filament out of phase with respect to
the plate supply. With the ideal or 90° phase dif-
ference between the plate and filament supplies,
the instance of peak current, and therefore peak
emission demand, coincides with the instance of
zero voltage across to filament, and therefore gives
best uniformity. With the 60° or 120° phase dif-
ference more readily available with 3 phase power
supplies, the voltage across the filament at the




instance of maximum current demand, though not
zero, is nevertheless low enough to resultin a close
to optimum uniformity in distribution of current
density.

Such out-of-phase filament excitatioh therefore
makes allowable higher “maximum peak plate
current” ratings.

Maximum Average Plate Current

To the degree that the maximum "average plate
current” rating is dependent on the allowable
maximum "peak plate current rating,” the average
current rating may also be increased with out-of-
phase excitation. Inasmuch, however, as an in-
creased average plate current results in increased
operating temperatures of the anode and the tube,
the allowable inverse voltage rating must be
somewhat reduced when the normal (or in-phase)
maximum average plate current rating is ex-
ceeded.

The rating as to “Maximum Average Plate Cur-
rent” represents the highest average current that
may safely be carried through the tube. This rat-
ing is a function of many design factors of which
the most important are the allowable internal
power dissipation rise, the anode temperature rise
and the cathode temperature change due to the
current conducted through the tube. The value of
average plate current is directly measurable by
conventional D.C. ammeter when the average
load is steady. With a fluctuating load, the cur-
rent should be averaged over a period of time
that is related to the thermal inertia of filament.
The averaging period should be short for the
smaller tubes (about 5 to 10 seconds for types
866A and 872A) and should be increased for larger
tubes.

The value of peak plate current should be
measured directly by a peak-indicating meter or
an oscillograph when there is likelihood that the
ratio of peak to avergge current is abnormally
high. Such conditions are likely to occur only if
the rectifiers are followed by a filter circuit utiliz-
ing large input condensers, or when a rectifier is
used to charge a high voltage battery. When a
load is purely resistive and the current sinusoidal
the relationship between peak and average cur-
rents is readily calculable and is given in the

tabulation under “Application Notes.” The use of
a choke input filter following the rectifier tubes
minimizes the ratio of peak to average plate cur-
fent and is the recommended practice in rectitying
equipment design. p

APPLICATION NOTES

Mercury Vapor Rectifier tubes are generally
used in either single phase or three phase circuits.
Diagrams of typical circuit arrangements together
with their characteristics are given in Figures 1
to 5. The specified relationships of voltages, cur-
rents and ripple amplitude, are based on the as-
sumption that the supply voltage is sinusoidal in
wave-form, the load pure resistance and the tube
voltage drop zero. Tabulations of actual D.C.’
voltages and allowable average D.C. currents that
may be obtained for the various types of tubes
in these typical rectifier circuits, will be, found on
the individual tube rating sheets. These tabulated
values assume a sine-wave supply voltage and
the use of a choke input filter circuit. When cal-
culating the approximate output voltages for con-
ditions of lower input A.C. voltages than that given
in the individual tube tabulations, the theoretical
ratios shown in figures 1 to 5 may be used.

In the circuits of Figure 2 and Figure 5 two tubes
are always in series during both the conductive
and non-conductive cycles. The resulting division
of the inverse voltage per tube allows the doubling
of the possible D.C. voltage that may be obtained
from the various types of tubes. In addition the
circuit of Figure 5 raises the major ripple fre-
quency to six times the supply frequency and
diminishes the ripple magnitude to approximately
4% of the output voltage and thus minimizes the
filter requirements where a substantially pure D.C.
voltage is required.

Frequently where the output voltage require-
ments may be met by the use of the smaller type
of rectifier tubes, but the output current require-
ments are in excess of the tube rating, it is more
economical to use the smaller tubes in parallel
rather than to use the large size tubes. In such
cases provision must be made to insure an equal
distribution of load current between the paralleled
tubes. Either individual reactors or ballast resistors
of suitable size should be placed in series with
each anode. .



AMPEREX TUBE TYPE 857-B

P FILAMENT
Current (amperes) . . . . . c + o+« . . 300
Period (seconds) . , ., . . | . . 60
applied.

* Before plate voltage is
MAXIMUM RATINGS
F ation at Supply F: Up to 150 Cycles
or Operation Pply Frequency Up to y

250C. 1o Soe o Rangs, to 490C.
Peak Inverse Voltage . . . . . . . 10000 22000
Peak Plate Current (amperes) . . . 40.0 40.0
Average Plate Current (amperes)! . | 10.0 10.0
Surge Plate Current (amperes): . . | 400 400
Approx. Tube Voltage Drop-w——/1l . 10 10

! Averaged over period of 30

* For desi
NOTE: F

gn only, max. duration of surge 0.2 second.
or peak inverse voltages in excess of 10,000 volts, temperature-regulated forced-

air cooling must be employed. 5 cu. ft. per min. at 35°C from 1 inch nozzle located ¥

inch above filament base will maintain Y P of 40°C at full
ol MAXIMUM OUTPUTS IN TYPICAL CIRCUITS
AC. Input D.C. Output Max. D.C.
I

Single-Phase Full

Wave (2 Tubes) 77501 7000 20
Single-Phase Full

Wave Bridge (4 Tubes) 155002 14000 20
Three-Phase Half

Wave (3 Tubes) 103003 10500 30
Three-Phase Double

Y-Parallel (6 Tubes) 90003 10500 60
Three-Phase Full,

Wave (6 Tubes) 90003 21000 30

! Per Tube. 2 Total. 2 Per Leg.

¢ For maximum peak inverse voltage of 22000 volts.
NOTE: For outof-phase fil intor see "Maximum Peak Plate Current” and
“Maximum Average Plate Current,” PP. 453 and 454."General Information and Applications

Notes” Section, “Mercury Vapor High Voltage RECTIFIER TUBES.”
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857-B

)

@

SINGLE PHASE

SINGLE PHASE

THREE PHASE

THREE PHASE

THREE PHASE

RECTIFIER CIRCUIT FULL-WAVE FULL-WAVE HALF.WAVE
2 TUBES 4 TUBES ZIG ZAG DOUBLE-Y FULL-WAVE
Conditions assumed for FIG. 1 FIG. 2 Tnu”- s I Ja- £ +
following relations H * : €A °i.l._ Ll
v Avg’
1. Sine-Wave Supply - EAvg.
2. Balanced Phase ¢. 8ol -
Voltages g %@.
3. Zero Tube Drop -
4. Pure Reésistance Load g
5. No Filter Used ; -
NOTE: All rectifier fila- w & | g
ments supplied by single
phase transformers, MS - p
with secondaries insu- oy
lated for voltages great- g
er than the M
Peak Inverse Voltage.
450 E yms 900 E rins 1.015 E rms 1.170 E yms 234 E rims
E Avteege 318 E max 636 E max 718 E max 827 E max 165 E max
E Inverse 314 E avg 157 E avg 2.09 E avg 2.09 E avg 1.045 E avg
I Average .636 I max 636 I max .18 I max 191 I max 955 I max
Ripple Frequency 2 X Supply Freq. 2 X Supply Freq. 3 X Supply Freq. 6 X Supply Freq. 6 X Supply Freq.
Ripple Voltage (Rms) 48.3% 48.3% 18.3% 4.2% 4.2%
1 . Secondary Kva
Ratio - Oty At w 1.57 111 171 148 1.05
"iao e Rve 11 11 121 1.05 1.05

D.C. Output-Kw

| These ratios assume that a choke input filter is used to maintain the output current substantially constant.




AmPEReX TUBE Type 866 AX

FILAMENT
AC. Voltage . . . . . . . . . . . . .. « o e e | 25
Current (amperes) . . . . . . . . . . . . . . . J 2 &0
Preheating Period (Seconds)* . . . . . . . . . . . o o230

“Before plate voltage is applied.

MAXIMUM RATINGS

For Operation At

For Operation At Supply Frequency
Supply Frequency Up to
Up to 1000 Cycles
150 Cycles With Condensed
With Condensed Mercury Mercury Temperature
.___Temperature Rango Range
25°C. to 60°C. 25°C.1070°C. 25°C. to 70°C.
Peak Inverse Voltage . . . . 10000 2000 5000
Peak Plate Current (ampere) . . 1.0 2 1.0
Average Plate Current (ampere)* .25 0.5 .25
Approx. Tube Voltage Drop . . 15 15 15

“Averaged over period of 10 seconds.

MAXIMUM OUTPUTS IN TYPICAL CIRCUITS

Max. D.C.
A.C. Input D.C. Output Load

Volts Volts to Current

R.M.S. Filter Amperes
Single-Phase Full Wave /2 Tubes) . . 3535 3180 R
Single-Phase Full Wave Bridge (4 Tubes) 7070t 6360 .5
Three-Phase Half Wave (3 Tubes) . . 47101 4780 75
ThreePhase Double Y-Parallel (6 Tubes) 4080% 4780 1.5
Three-Phase Full Wave (6 Tubes) . . 40801 9570 s

‘Per Tube. +Total #Per Legq.

NOTE: For Out-Of-Phase Filament Excitation information see “Maximum Peak Plate Cur-
rent” and “Maximum Average Plate Current”, Pp- 3 and 4, “General Information and
Application Notes” section, "Mercury Vapor High Voltage RECTIFIER TUBES".
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866 AX

=

SINGLE PHASE

SINGLE PHASE

THREE PHASE

THREE PHASE

THREE PHASE

D.C. Output-Kw

RECTIFIER CIRCUIT FULL-WAVE FULL-WAVE HALF.WAVE
2 TUBES 4 TUBES ZIG ZAG DOUBLE-Y FULL-WAVE
Conditions assumed for FIG. 1 FIG. 2 lln.” - Je-s
following relations = + |
"Avg.
1. Sine-Wave Supply - EAvg. 9
2. Balanced Phase o
Voltages ey | wg.
3. Zero Tube Drop
4. Pure Résistance Load W@,
5. No Filter Used )
w
z 3
NOTE: All rectifier fila- || 33 < w@
ments supplied by single _ o
phase transformers,
with secondaries insu-
lated for voltages great-
er than the Maxi MT
Peak Inverse Voltage.
450 E rmg 900 E ryng 1.015 E rms 1170 E ypg 234 E pyg
E Averagy 318 E max 636 E max 718 E max 827 E max 165 E max
E Inverse 3.4 E avg L5T E avg 2.09 E avg 2.09 E ayg 1.045 E avg
I Average 636 I max 636 I max 718 I max 191 I max 955 I max
Ripple Frequency 2 X Supply Freq. 2 X Supply Freq. 3 X Supply Freq. 6 X Supply Freq. 6 X Supply Freq.
Ripple Voltage (Rms) 48.3% 48.3% 18.3% 4.2% 4.2%
+ . Secondary Kva
Ratio S7=Gur s Gutpur K 1.57 111 171 1.48 1.05
t Ratig Primary Kva 111 111 121 1.05 1.05

+ These ratios assume that a choke input filter is used to maintain the output current substantially constant.




AMPEREX TUBE TYPE 8069-B

FILAMENT
ACVoltage .. ;.- ¢ 25.0e b o o ¢ Lie .50
Cuwrrent (amperes) . . . . . . . . . . . . 180
Preheating Period (seconds)' . . . . . . . . &0

! Before plate voltage is applied.

MAXIMUM RATINGS
For Operation at Supply Frequency Up to 150 Cycles

Filament Excitation

Filament Excitation Out of Phase
In Phase (80° + 30°)
Condensed Mercury Condensed Mercury
Temperature Range Temperature Range
30°C. to 40°C.  25°C. to 60°C. 30°C. to 40°C.

Peak Inverse Voltage . . . . . 20000 15000 15000
Peak Plate Current (amperes) . . 100 10.0 15.0
Average Plate Current (amperes)! 2.5 2.5 5.0
Approx. Tube Voltage Drop . . 100 10.0 10.0

T Averaged over period of 30 seconds.

MAXIMUM OUTPUTS IN TYPICAL CIRCUITS

Filament Excitation in Phase Filamen! Excitation Out of Phase

A.C. Input D.C. Output Max. D.C. A.C. Input D.C. Output Max. D.C.

Vaolts Volts to Load Current Volts Volts to.  Load Current

R.M.S. Filter Ampveres R.M.S. Filter Amperes

Single-Phase Full

Wave (2 Tubes) 7000* 6300 5.0 5250! 4725 10.0
Single-Phase Full Wave

Bridge (4 Tubes) 14000° 12600 5.0 105007 9450 10.0
Three-Phase Half

Wave (3 Tubes) 94003 9550 7.5 70503 7150 15.0
Three-Phase Double

Y-Parallel (6 Tubes) 81507 9550 15.0 6100° 7150° 30.0
Three-Phase Full

Wave (6 Tubes) 8150° 19100 7.5 6100° 14300 15.0

! Per Tube. * Total. 3 Per Leg.




369-B

D

SINGLE PHASE

SINGLE PHASE

THREE PHASE

THREE PHASE

THREE PHASE

2. Balanced Phase
Voltages

3. Zero Tube Drop
4. Pure Reésistance Load
5. No Filter Used

NOTE: All rectifier fila-

E
o
E 53

RECTIFIER CIRCUIT FULL-WAVE FULL.-WAVE HALF-WAVE
2 TUBES 4 TUBES ZIG ZAG DOUBLE-Y FULL-WAVE
FIG. 3 FIG. 5
FIG. 1 FIG. 2 % . = ®
2 % f——E Avg
following relations g + L
Eavg
1. Sine-Wave Supply Eavs

D.C. Output-Kw

ments supplied by single o
phase transformers, =
with secondaries insu- ey
lated for voltages great-
er than the Maxi
Peak Inverse Voltage.
E Average 450 E e 900 E rins 1.015 E rms 1170 E 1o 234 E rms
.318 E max 636 E max 718 E max 827 E max 1.65 E max
E Inverse 314 E ayg L5TE avg 2.09 E avg 2.09 E avg 1.045 E ayvg
I Average 636 I max 636 I max 8 I max 1.91 I max 955 I max
Ripple Frequency 2 X Supply Freq. 2 X Supply Freq. 3 X Supply Freq. 6 X Supply Freq. 6 X Supply Freq.
Ripple Voltage (Rms) 48.3% 48.3% 18.3% 4.2% 4.2%
1 . Secondary Kva
Ratio D.C. OutputKw 1.57 111 171 1.48 1.05
' Ratio Erimary Kva 111 L1 121 1.05 1.05

i-,These ratios assume that a choke input filter is used to

maintain the output current substantially constant.




AMPEREX TUBE TYPE 369Y-BL

FILAMENT
BAC.Voltage . . « + ceiv ¢ o o o« o oo +» 50
Current (amperes) . . . . . . . . . . . . 180
Preheating Period (seconds)! . . . . . . . . 60

! Before plate voltage is applied.

MAXIMUM RATINGS
For Operation at Supply Frequency Up to 150 Cycles

Filament Excitation

Filament Excitation Out of Phase
In Phase (800 == 30¢)
Cond d M y Cond d M v
Temperature Range Temperature Range
30°C. 10 40°C.  25°C. to 60°C. 30°C. to 400C.

Peak Inverse Voltage . . . . . 20000 15000 15000
Peak Plate Current (amperes) . . 10.0 10.0 15.0
Average Plate Current (amperes) 2.5 2.5 5.0
Approx. Tube Voltage Drop . . 10.0 10.0 10.0

! Averaged over period of 30 seconds.

MAXIMUM OUTPUTS IN TYPICAL CIRCUITS

Filament Excitation in Phase Filament Excitation Out of Phase
A.C. Input D.C. Output Max. D.C. A.C.Input D.C. Output Max. D.C.
Volts Volts to  Load Current Volts Volts to  Load Current
R.M.S. Filter Amperes R.M.S. Filter Amperes
Single-Phase Full
Wave (2 Tubes) 7000* 6300 5.0 52501 4725 10.0
Single-Phase Full Wave
Bridge (4 Tubes) 14000° 12600 5.0 105002 9450 10.0
Three-Phase Half
Wave (3 Tubes) 94003 9550 7.5 70503 7150 15.0
Three-Phase Double
Y-Parallel (6 Tubes) 8150° 8550 15.0 6100° 7150 30.0
Three-Phase Full ‘

Wave (6 Tubes) 8150° 19100 7.5 6100° 14300 15.0

Socket e%s 4 ¢ L X« ¢ v o o o Johnson 124-215

1 Per Tube. * Total. 3 Per Leg.
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869-BL

)

SINGLE PHASE SINGLE PHASE THREE PHASE THREE PHASE THREE PHASE
ReCTFER CRCUT || Ry ALt HetE B Fuct wave
Conditions assumed for FIG. 1 FIG. 2 Tnﬂ._,“.u H =% 3 +
following relations = + —
vg
1. Sine-Wave Supply - [ FAve.
2. Balanced Phase )
Voltages Arg wg
3. Zero Tube Drop
4. Pure Résistance Load Wﬂv
5. No Filter Used _
n
g E o3,
\NOTE: Al rectifier fila- || a3 <
ments supplied by single _ o
phase transformers, &
with secondaries insu- &y
lated for voltages great-
er than the Maximum
Peak Inverse Voltage.
450 E rms 900 E rms 1.015 E rms 1.170 E rys 2.34 E rms
E Aversg 318 E max 636 E max 718 E max 827 E max 1.65 E max
E Inverse 314 E avg 157 E avg 2.09 E ayg 2.09 E avg 1.045 E avg
I Average 636 I max 636 I max 18 I max 1.91 I max 955 I max
Ripple Frequency 2 X Supply Freq. 2 X Supply Freq. 3 X Supply Freq. 6 X Supply Freq. 6 X Supply Freq.
Ripple Voltage (Rms) 48.3% 48.3% 18.3% 4.2% 4.2%
1 . Secondary Kva
Ratio - Outpaike 1.57 111 171 148 1.05
1 . Primary Kva
Ratio 750 Oty 1.11 1.11 121 1.05 1.05

i-,These ratios assume that a choke

input filter is used to maintain the output current substantially constant.




AMPEREX TuBE TYPE 872-AX

FILAMENT
A.C. Voltage =T B 5.0
Current (amperes) . . . . . . . . 175
Preheating Period (Seconds)! . . . . . 30

'Before plate voltage is applied.

MAXIMUM RATINGS
For Operation at Supply Frequency Up to 150 Cycles

Condensed Mercury
Temperature Range

20°C. 10 70°C.1 20°C. to 60°C.!
Peak Inverse Voltage . . . . . 5000 10000
Peak Plate Current (amperes) . . . 5.0 5.0
Average Plate Current (amperes)®. . 1.25 1.25
Surge Plate Current (amperes)* . . 50 50
Approx. Tube Voltage Drop . . . 10 10

"Recommended condensed mercury temperature 40° *+ 5°C.
“Averaged over period of 15 seconds.
3For design only, max. duration of surge 0.2 second.

MAXIMUM OUTPUTS IN TYPICAL CIRCUITS

Max. D.C.
A.C. Input D.C. Output Load
Volts Volts to Current
R.M.S. Filter Amperes
Single-Phase Full Wave (2 Tubes) . . 3535! 3180 2.5
Single-Phase Full Wave Bridge (4 Tubes) 7070 6360 2.5
Three-Phase Half Wave (3 Tubes) . 47103 4780 3.75
Three-Phase Double Y-Parallel (6 tubes) 4080: 4780 7.50
Three-Phase Full Wave (6 Tubes) . . 4080* 9570 3.75

'Per Tube. 2Total  3Per Leg.

NOTE: For Out-Of-Phase Filament Excitation information see “Maximum Peak Plate Cur-
rent” and “Maximum Average Plate Current”, pp. 453 and 454 “General Information
and Application Notes™ section, “Mercury Vapor High Voltage RECTIFIER TUBES".
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872-AX

SINGLE PHASE SINGLE PHASE

THREE PHASE

THREE PHASE

THREE PHASE

1. Sine-Wave Supply

2. Balanced Phase
Voltages

. Zero Tube Drop

. Pure Résistance Load

. No Filter Used

v oh W

NOTE: All rectifier fila-
ments supplied by single

RECTIFIER CIRCUIT FULL-WAVE FULL-WAVE HALF.WAVE
2 TUBES 4 TUBES ZIG ZAG DOUBLE-Y FULL-WAVE
- FIG. 3 FIG. 5
Conditions assumed for FIG. 1 FIG. 2 H O dast - +
following relations % + |
Eavg

288

ol
phase transformers, .
with secondaries insu- oy
lated for voltages great-
er than the Maximum
Peak Inverse Voltage.
450 E rms 900 E pis 1.015 E rms 1170 E s 234 rms
E Average .318 E max 636 E max 718 E max 827 E max 1.65 E max
E Inverse 314 E avg 157 E avg 209 E avg 209 E avg 1.045 E avg
I Average 636 I max 636 I max 718 I max 1.91 I max 955 I max

Ripple Frequency

2 X Supply Freq. 2 X Supply Freq.

3 X Supply Freq.

6 X Supply Freq.

6 X Supply Freq.

D.C. Output-Kw

Ripple Voltage (Rms) 48.3% 48.3% 18.3% 4.29% 4.2%
1 . Secondary Kva -
Ratio greveien L8 157 13 17 148 1.05
! Ratio Frimany Kva__ 111 111 121 1.05 1.05

| These ratios assume that a choke input filter is used to maintain the output current substantially constant.




AMPEREX TUBE TYPE 6339

The 6339 is a high vacuum, external anode clipper diode and rectifier tube which
is only 2 inches long (without leads) and 3/4 inch in diameter, A miniaturized

— and ruggedized version of the 3B29, the 6339 operates under more stringent con-
ditions than its prototype. It is designed to be enclosed in a complete liquid
cooled package including power supply and pul se modulator components,

Operation in air at reduced ratings is allowed for applications where oil cooling __
is not necessary or required.

Although developed primarily for radar applications, it shows interesting possi-
bilities for use in high voltage circuitry where space requirements are critical

GENERAL CHARACTERISTICS

ELECTRICAL DATA MIN. BOGEY MAX.
Filament Voltage 5.7 6.3 6.9 volts
Filament Current at Bogey Voltage 1.40 L.55 1.70 amps
Filament Warm-up Time 60 - -~  sec.
Peak Cathode current 1 - -~ 8.0 amps
Peak Inverse Voltage -- -- 16.0 KV
Plate-Cathode Capacity -- 2.2 == uuf

MECHANICAL DATA

MountingPosition...........................any
Cooling.................................liquidimmersion
(silicone oil)?2
Coolant ’I‘empemmreRange.....................—‘650 to + 165°C
ShockResistance...........................300Gimpact
VibrationResistance................ ©+eeeee. 10— 60 cycles per
sec. 0.080 inches
total displacement.
Dimensions (without leads)
Leng(h.................................2l/l6inches
Diameter seieevass e piemenh saiedore sisle o s s o s 13/16 inches
Lengthofleads(approx.) *recectccecetnssssessssl1/2inches
Lead Connections - Heavy ...,..,... *eeeeeesa.. Heater, cathode
terminal
Thin......................Heaterterminal

Socketforanodeend.........................Standard60amp.
fuse clip or equal
— Connection (filament leads)............... «sses. Lugs as shown or
banana plug optional
Weight(approx.).................... coswnss sl 1/20%8

Represents maximum useable cathode current for any condition of operation.

Dow Corning #510 fluid, viscosity 50 - 60 centi stokes, or an equivalent, For air cooling
see data following.

Revised 6/55 1




6339

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

RECTIFIER (In Oil)

(Maximum ratings, absolute values)

PeaklnverseVoltage......................10,000
Peak Curfent « « o s s s o s sassosse s s soasocse 400
Average CUITENE o « s o s s s s s os oo s sasees o oo 100
Silicone Oil Coolant Temp...................—65°Cto+ 165°C

Typical Operation (In 0il)

One Tube, Half-wave, Capacitor-Input F ilter

Peak Inverse Voltage « « c e s s e oo s v eee
Peak Cufrent . « « e« s o s s s s o se oo
Average Current - Load Current <« s s o s
Load Voltage (approX.) « « « o« o e o s o oo oo

e eee.. 10,000
ceeee.. 400
is wwsuy 100
ceeeee. 3300

Two Tubes, Single Phase, Full wave

Choke Input Filter

Peak Current (per tube) « ¢ ¢ o o e e v oo
Average Current (per tube) ¢ ¢ ¢ e e 00 e
Peak Inverse Voltage « « « o ¢ o v v 0o
Load Curfent « « e e s s e o s s oo oo o

Load Voltage « « e s s s e s s oo eanssece e

teeee.. 100
v eve...10,000

weeeess 2900

Three Phase Operation

Choke Input Filter

Half Wave

3

10,000
300
100

4500
300

No. of Tubes

Peak Inverse Voltage

Peak Anode Current

Average Anode Current (per tube)
Output Voltage

Ouptut Current

6
10,000
300
100
4500
600

Double Y

16,000 volts
250 mA
65 mA dc

16,000 volts
250 mA
65 mA

5500 volts

130 mA

65 mA
16,000 volts

130 mA
4900 volts

Bridge
6
16,000 volts
195 mA
65 mA dc
14,000 volts dc
195 mA dc



0339

Revised 6/55

RECTIFIER - (In Air) -
h— (Maximum ratings, absolute values - air cooled at sea level)
Without Auxiliary With Auxiliary
Cooler Cooler
Peak Inverse Voltage 12,000 12,000 volts
Peak Current 200 400 mA
Average Current 50 100 mAdc
Ambient Temperature —55 to + 85 —55to + 85 ©oC
Typical Operation In Air —
Without Auxiliary Cooler
Single Phase Operation Three Phase Operation
Choke Input Filter Choke Input Filter
Full Wave Half Wave Bridge
No. of Tubes 2 3 6
Peak Inverse Voltage 12,000 10,000 12,000 volts
~ Peak Anode Current 100 150 100 mA
Average Anode Current
(per tube) 50 50 33 mAdc
Output Voltage 3500 4500 10,500 voltsdc
Output Current 100 150 100 mAdc
With Auxilary Cooler
No. of Tubes 2 3 6
Peak Inverse Voltage 12,000 10,000 12,000 volts
Peak Anode Current 200 300 200 mA
Average Anode Current
(per tube) 100 100 67 mAdc
Output Voltage 3500 4500 10,500 voltsdc
Output Current 200 300 200 mAdc
3



6339

SHUNT DIODE (In Oil)

(Maximum ratings, absolute values)

Peak Inverse Voltage + ¢ v s s s s s s s s s s v
Peak Current . e o s ¢ s s s s s scsscccassoscse
Average CUrrent + « e s e s e s s s s 0 0 0000 o000
Pulse Duration in 100 microsecond interval ., ...

Typical Operation

(In Oil)

(One tube in hydrogen thyratron

Pulse TiM€ s s ¢ s e s e s s e s s ssvososnsassos
Network Impedance « « s e s s s s s s s s oo sanaan
Peak Thyratron Forward Voltage . ..o eovv oo
Repetition RAt€ v s s v oo s s e s e s oo onnsanos

Diode Series ReSiStor « v o s o s o e e o s s o s o
Load ResSiStor3 v o v s s e s s oo essssssnscas
Ave:ageCmrentPlates..................

modulator

10,000 volts
8 amps
18 mA
25 microseconds

circuit)

1.0 microsecond
50 ohms
10 KV
280 pulses per
sec.
1000 ohms
0 ohms
22 mAdc

¢ This load resistor represents a short circuit or arc in the load. As a result, the average diode
plate current of 22 MA, D.C. will momentarily exceed the maximum rating of 18 MA, D.C. This
circuit should be so designed that the high voltage will automatically shut off if continual
short circuit exists in the load, The 6339 will operate, however, for longer than 500 hours

under short circuit conditions which produce the average current as shown.
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6339

AMPEREX TUBE TYPE 6339
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6339

te-. 750 £.010 DIA.

LI25 £.015

:

CATHODE
TERMINAL
LEAD-NOTE 5

NOTES!

1.THIS SURFACE SILVER—PLATED.

2 SURFACE AVAILABLE FOR SUPPORT.

3. TINNED LUG FOR NO.8 SCREW—CRIMPED AND SOLDERED.
4. TINNED LUG FOR NO.6 SCREW—CRIMPED AND SOLDERED.
5. FLEXIBLE LEAD—INSULATED WITH FIBERGLASS.

RECOMMENDED DESIGN

6339 ANODE HOLDER
(AUXILIARY COOLER)

MATERIAL: ALUMINUM

GROOVE & WIDE X
/r & DEEP FOR SPRING CLAMPS

+0
.750 DIA. -.088
SPHERICAL
M-——|H BOTTOM
4
L =1 S
= 8
= | L _ 1l
) l
ﬂ...' el
16 8 CUT INTO QUARTERS
1 %— — USING THINNEST POSSIBLE
SAW.
. 9
'ie

TWO SPRING CLAMPS OF HEAVY MUSIC WIRE REQUIRED.



6339

60 AMPERE FUSE CLIP
OR EQUIVALENT

ANODE TERMINAL

BARRIER TYPE
TERMINAL STRIP AMPEREX 6339

SUGGESTED MOUNTING FOR 6339 AIR COOLED OR LIQUID COOLED.

-y
AMPEREX 6339
BARRIER TYPE
TERMINAL STRIP
INSULATED
MOUNTING
PLATE ~

SUGGESTED MOUNTING FOR 6339 WITH AUXILIARY COOLER




AMPEREX TUBE TYPE bOUY

The 6508 is a two electrode mercury-vapor rectifier tube and is designed for
rectifier application of relatively high voltage and current. The cathode is directly
heated, oxide coated. The physical design of this tube is similar to the popular
AMPEREX types 5869 and 5870 thyratrons. The top bakelite cup is intended to pre-
vent mercury condensation on the anode and thus eliminates arc-back.

Maximum Ratings, Absolute Values

Peak Inverse Voltage (max.) 21,000 15,000 10,000 volts
Condensed Mercury o

Temperature Limits +25t0 t45 +25t0o t50 +25t0 t60 C
Maximum plate current

Peak 10 amps

Average (Averaging time max, 30 sec) 2.5 amps

Surge, for design only 100 amps

( Maximum duration 0.1 second)

Frequency Range 25 - 150 cps
Electrical Data Min. Bogey Max.
Filament Voltage 4,75 5.0 5.25 volts
Filament Current at 5.0 volts — 125 13.7 amps
Filament Yeating Time (Note 3)

(before applying plate voltage) 90w — seconds
Tube Voltage Drop (Output current =2,5 amps) 12 — volts —~

Operating Conditions for 21 KV, Peak Inverse Voltage

Input DC Output DC Output
Circuit Voltage voltage current
rms value to filter

kv kv amp
Single-phase full-wave 7.4 6.7 5
2 tubes
Three-phase half-wave 8.6 10 7.5
3 tubes
Three-phase, double Y

X 1 1
6 tubes parallel 8.8 0 3
Four-phase half-wave 7.4 9.5 10
4 tubes
Single-phase full-wave 14.8 13.4 5
4 tubes
Three-phase full-wave 14.8 20 7.5
6 tubes
Four-phase full-wave 14.8 19 10
8 tubes

Revised 7/55




6508

Mechanical Data

Type of cooling Convection
Equilibrium Condensed-Mercury Temperature Rise .
At Full Load, approximate +15 c)C
At No Load, approximate +13°C
Socket Johnson 124-215 or equal
Mounting position Vertical with base down
Net weight (approximate) 25 ounces
NOTES:

2.

In order to obtain maximum life it is recommended that a filament voltage phase
shift of 90° i30° with respect to plate voltage be applied.

The tube should always be used with the bakelite cap attached.

. The minimum heating time refers only to the filament. Sufficient additional time

must be allowed to permit the condensed mercury temperature to rise to the
minimum condensed mercury temperature limit and to permit all the mercury to
condense on the lower part of the bulb.

The metallic shell of the base should not be allowed to reach a potential dif-
ferent from the cathode potential.
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AMPEREX TUBE TYPE 6693

TENTATIVE DATA

The 6693 is a single anode, high voltage, mercury vapor rectifier having
ratings intermediate between the standard tube types 575A and 869B. It
is particularly suitable for use in conjunction with modern power oscilla-
tor and amplifier tubes operating at high currents and lower voltages.

GENERAL CHARACTERISTICS

ELECTRICAL
Cathode Directly heated, oxide coated
Filament Voltage S volts *
Filament Current 11.5 amps
Heating Time (minimum) 60 sec. 2
Tube Voltage Drop 12 volts 3 =

Equilbrium condensed mercury
temperature rise over ambient (see curve)

No Load 19°C
Full Load 21°C
MECHANICAL
Mounting Position Vertical, base down
Max. Overall Length 12 inches
Max. Seated Height 11 5/16 inches
Max. Diameter 2 27/32 inches
Plate Cap Medium
Base Super Jumbo, 4 pin
with bayonnet
Socket Johnson 123-206 or equal —

1 For optimum performance, a phase shift of 90° + 30° between the anode and filament
voltages and use of a center tapped filament transformer are recommended.

For average conditions, e.g. temperatures within limits and proper distribution of
mercury. To insure proper distribution of mercury, upon installation and after a
long interruption of service, a longer heating time is required before anode voltage
is applied. In general, a time of 30 minutes will be sufficient.

Measured at an average anode current of 3 amps.

Revised 7/55



6693

MAXIMUM RATINGS

Peak Inverse Anode Voltage 4 15 2.5 max. KV
Average Anode Current 5 3 5 max. amps
Peak Anode Cutrent 12 20 max. amps
Surge Anode Current for max. of 0.1 second 120 200 max. amps
Relation Between Condensed Mercury Temperature,
Ambient Temperature and Peak Inverse Voltage © (see curve)

Peak Inverse Anode Voltage 10 2.5 KV
Condensed Mercury Temp. 25-55 25-60 25-75 °C
Ambient Temp. 7 15-35  15-40  15-55 °C

MAXIMUM OPERATING CONDITIONS

PEAK INVERSE ANODE YOLTAGE =15 KV

(Transformer regulation and tube voltage drop are not included)

Circuit Type of Max trans- DC output Max DC out-| Max DC out-
Diagram Circuit former sec. voltage to put current | put to filter
rms voltage filter to filter
(Vir) (Vo) (Io) (Wo)
KV KV Amps KW

a. Single-phase, 5.3 4.8 6 28.8
full-wave, 2
tubes

b. Single-phase, 10.6 9.6 6 57.6
full-wave, 4
tubes

(o Three-phase, 6.1 7.2 9 64.8
half-wave, 3
tubes

d. Three-phase, 10.6 14.4 9 129.6
full-wave, 6
tubes

e. Three-phase, 5.3 6.2 18 111.6
double Y, 6
tubes parallel

f. Four-phase, 5.3 6.7 12 80.4
half-wave, 4
tubes

8. Four-phase, 10.6 13.5 12 162.0
full-wave, 8
tubes

4

5

For supply frequency up to 150 cycles per second.

Averaged over 10-sec. interval

€ |f the equipment is started at most twice daily is is permissable to apply high voltage at a condensed
mercury temperature of 20° C.

With natural cooling, approx. values.



PEAK INVERSE VOLTAGE =25 KV

bbyJ

(Transformer regulation and tube voltage drop are not included)

Circuit Type of Max trans- DC output Max DC out-| Max DC out-
Diagram Circuit former sec. voltage to put current | put to filter
rms voltage filter to filter
(Vtr) (Vo) (Io) (Wo)
KV KV Amps KW
a. Single-phase, 0.88 0.79 10 7.9
full-wave, 2
tubes
b. Single-phase, 1.76 1.58 10 15.8
full-wave, 4
tubes
(o Three-phase, 1.02 1.19 15 17.9
half-wave, 3
tubes
d. Three-phase, 1.76 2.38 15 35.8
full wave, 6
tubes
e. Three-phase, 0.88 1.03 30 30.9
double Y, 6
tubes
£ Four-phase, 0.88 1.13 20 22.6
half-wave, 4
tubes
g Four-phase, 1.76 2.26 20 45.2

full-wave, 8
tubes




6693

TYPICAL OPERATING CONDITIONS
PEAK INVERSE VOLTAGE = MAX. 15 KV

Circuit Type of [No load trans-| DC output | Max DC out-| DC output
Diagram Circuit former sec. voltage to | put current to load
rms voltage load
(Vtr) (Voy) (Io) (Wo4)
KV KV Amps KW
a. Single-phase, 4.80 4.0 6 24
full-wave, 2
tubes
b. Single-phase, 9.60 8.0 6 48
full-wave, 4
tubes
c Three-phase, 5.55 6.0 9 54
half-wave, 3
tubes
d. Three-phase, 9.60 12.0 9 108
full-wave, 6
tubes
e. Three-phase, 4.80 5.15 18 93
double Y, 6
tubes
f. Four-phase, 4.80 5.6 12 67
half-wave, 4
tubes
g. Four-phase, 9.60 11.2 12 134
full-wave, 8
tubes

& This value corresponds with a nominal peak inverse anode voltage of 13.6 KV, allowing a line
fluctuation of * 10%.

9 Tube voltage drop and losses in transformer, filter, ammeter, etc. amounting to 8% of Vo4 have
already been deducted.

Dawicaad /B
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ANODE
- D'A * MEDIUM CAP
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SUPER JUMBO
4-PIN BASE
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FILAMENT
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CONDENSED MERCURY TEMPERATURE RISE-°C

DEGREES CENTIGRADE

bbYJ

30
FILAMENT VOLTAGE=4.75 VOLTS
AVERAGE ANODE CURRENT=0 AMP.
20 ;
|
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0 20 40 60 80 100
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AMPEREX TuBE TYPE 1130

The 7136 is a single anode, highvoltage, mercury vapor rectifier having
plate current ratings intermediate between the standard types 575A and 6693.
It has a cathode and anode design similar to the 6693 and is based for the 575A
socket. It is recommended for use as a replacement for the 575A in existing
equipment when greater reliability is desired. For new equipment design, the use
of the Amperex 6693 is preferred.

GENERAL CHARACTERISTICS

ELECTRICAL
Cathode Directly heated, oxide coated
Filament Voltage 5 volts?
Filament Current 1.5 amps
Heating Time (minimum) 60 sec.?
Tube Voltage Drop 12 volts 3

Equilbrium condensed mercury
temperature rise over ambient (see curve)

No Load 19°C
Full Load 21°C
MECHANICAL
Mounting Position Vertical, base down
Max. Overall Length 119/16 inches
Max. Diameter 2 27/32 inches
Plate Cap Medium
Base Jumbo, 4 pin S
with bayonnet
Socket Johnson 123-211-100 or equal

1 For optimum performance, a phase shift of 90° + 30° between the anode and filament
voltages and use of a center tapped filament transformer are recommended,

For average conditions, e.g. temperatures within limits and proper distribution of
mercury. To insure proper distribution of mercury, upon installation and after a
long interruption of service, a longer heating time is required before anode voltace
is applied. In generdl, a time of 30 minutes will be sufficient,

3 Measured at on average cnode current of 3 amps.
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1136

MAXIMUM RATINGS

——
Peak Inverse Anode Voltage * 15 max. KV
Average Anode Current 5 2,5 max, amps
Peak Anode Current 12 max. amps.
Surge Anode Current for max. of 0. .econd 120 max. amps
Relation Between Condensed Mercury Temperature,
Ambient Temperature and Peak Inverse Voltage 8 (see curve)
Peak Inverse Anode Voltage 15 10 2.5 KV
Condensed Mercury Temp. 25-55 25-60  25-75°C
Ambient Temp, 7 1535  15-40  15-55°C
MAXIMUM OPERATING CONDITIONS
PEAK INVERSE ANODE VOLTAGE = 15 KV
(Transformer regulation and tube voltage drop are not included)
Circuit Type of Max trans- | DC output | Max DC out- | Max DC out-
Diagram Circuit former sec.| voltage to | put current put to filter
rms voltage filter to filter
(Vir) (Vo) (Io) (Wo)
KV KV Amps KW
a, Single-phase 5.3 4,8 5 24
full-wave, 2
tubes
b. Single-phase 10.6 9.6 5 48
full-wave, 4
tubes
c. Three-phase 6.1 7.2 75 54
half-wave, 3
tubes
—» d. Three-phase, 5.3 6.2 15 93
double Y, 6
tubes parallel
with balance
coil
— = e Three-phase 10.6 14.4 7.5 108
full-wave, 6
tubes

4 For supply frequency up to 150 cycles per second.
Averaged over 10-sec. interval.

8 |f the equipment is started at most twice daily it is permissable to apply high voltage ot a
condensed mercury temperature of 20°C.

With natural cooling, approx. values.

2 (Replaces old page no. 477-5) Revised 2/58
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have already been deducted.

Revised 2/58

—_
TYPICAL OPERATING CONDITIONS
PEAK INVERSE VOLTAGE = MAX. 15KV °
Circuit Type of No load trans{ DC output | Max DC out- | DC output
Diagram Circuit former sec. | voltage to | put current to load
rms voltage load ©
(Vtr) (Vo3) (Io) (Woq)
KV KV Amps KW
a. Single-phase 4,80 4.0 5 20
full-wave, 2
tubes
b. Single-phase 9.60 8.0 5 40
full-wave, 4
tubes
C. Three-phase, 5.55 6.0 TS 45
o half-wave, 3
tubes
— d. Three-phase, 4,80 5.15 15 77.25
double Y, 6
tubes
— €. Three-phase 9.60 12.0 7.5 90
full-wave, 6
tubes
8 This value corresponds to a nominal peak inverse anode voltage of 13.6 KV, allowing a line
fluctuation of 1 10%.

9 Tube voltage drop and losses in transformer, filter, ammeter, etc. amounting to 8% of Vo,
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1136

RECTIFIER CIRCUIT

SINGLE PHASE

SINGLE PHASE

THREE PHASE

— i

D.C. Output-Kw

FULL-WAVE FULL- THREE PHASE DOUBLE-Y THREE PHASE
2 TUBES 2TUBES HALF-WAVE WITH BALANGE COIL FULL-WAVE
FIG. C ' FIG. E
Conditions assumed for FIG. A FiG. B Ere — i = +
following relations 7 Tn
Avg:
1. Sine-Wave Supply - " rn?ﬁ FIL
2. Balanced Phase ¢
Voltages W]
3. Zero Tube Drop
4. Pure Resistance Load %
5. No Filter Used _
0
H )
@
NOTE: All rectifier fila- || 3 w SUPPLY
ments supplied by single R VTYYYY il
phase transformers, S c
with secondaries insu- . S
lated for voltages great-
er than the Maximum
Peak Inverse Voltage.
450 E g 900 E g 1.170 E rms 1170 E ppys 234 FE rps
i Avaraiy S18.E e 636 E max 827 E max 827 E may 1.65 E max
E Inverse 314 E avg 157E avg 2.09 E avg 209 E ayg 1.045 E avg
I Average 636 I max 636 I max 718 I max 191 T pax 955 I max
Ripple Frequency 2 X Supply Freq. 2 X Supply Freq. 3 X Supply Freq. 6 X Supply Freq. 6 X Supply Freq.
Ripple Voltage (Rms) 48.3% 48.3% 18.3% 4.2% 4.2%
+ : _ Secondary Kva
Ratio D.C. OutputKw 1357 111 171 148 1.05
t Ratip Frimary Kva L11 L1 121 1.05 1.05

T These ratios assume that a choke input filter is used to maintain the output current substantially constant,

(
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AMPEREX TUBE TYPE 8270

TENTATIVE DATA

The Amperex 8270 is a grid controlled mercury vapor half wave rectifier. It has

a maximum PIV of 21 kv at an average anode current of 2,5 amps. At a PIV below
15 kv the anode current may rise to 3 amps. Six of these tubes in a three phase
full wave circuit provide 12 kv at 9 amps.

MECHANICAL
Mounting Position vertical, base down
Base Super Jumbo, 4 pins, with
bayonet
Accessories
Socket S-31747
Anode Connector S-31748
Anode Cap (Supplied with the Tibe) s-31749 *

Dimensions See outline drawing
Weight
Net Weight 11b. 1 oz.
Shipping Weight 5 lbs. 1 oz.
ELECTRICAL
Filament Oxide-Coated
Heating Direct
Filament Voltage 2 5 volts
Filament Current 5 13.0 amps
Filament Warm-Up Time, Minimum 90 sec
Capacitances
Anode to Grid 4 pf
Grid to Cathode 13 pf

Typical Characteristics
Ionization Time
Deionization Time
Tube Voltage Drop (I = 3 amps)

10 psec max
500 psec max
12 volts

[N

This cap must always be mounted on the tube, also during preheating.

N

A phase shift of 90° * 30° between Ey and E; and/or use of a center-tapped filament
transformer is recommended.

For average conditions, i.e. temperature within limits and proper distribution of mercury,
See Table I.

After transport, a storage period, and also after a long interruption of operation a longer
warm-up time is required before anode voltage may be applied. In general a time of 60
minutes will be sufficient to ensure proper distribution of the mercury.

6/62 1



8270

MAXIMUM RATINGS, ABSOLUTE VALUES

Frequency 150 150 150 cps
Peak Anode Voltage
Inverse 21 15 2.5 kv
Forward 21 15 2.5 kv
Anode Current
Average 25 3 5 amps 4
Peak 10 12 20 amps
Surge 100 120 200 amps °
Grid Bias 300 300 300 voles ©
Grid Resistance 100 100 100 k ohms max ’
Grid Resistance 10 10 10 k ohms min ’
TABLE I
Peak Inverse Voltage 21 15 10 2.5 kv

Temperature of Condensed Mercury 8 | 25-45 | 25-55 [25-60 | 27-75 | °C

Ambient Temperature 9 10 15-30 | 15-35 | 15-40 | 15-55 | °C

TYPICAL OPERATION 1%

Grid Voltage (E}, peak inverse 21 kv) Eca — 100 volts
(Ep peak inverse 10 kv) Ecq — 50 volts
Grid Current Icq 2 ma

“ Averaging time T_, =max. 30 sec.

5 Max duration 0.1 sec.

8 Direct voltage, before conduction.

7 Recommended value: 33 k ohms

8 If the equipment is started not more than twice daily, it is permissible to apply high volt-

age at a condensed-mercury temperature which is 5°C lower than the values mentioned in
the table.

9 with natural cooling, approximate values.

10 The ambient temperature is defined as the temperature of the surrounding air and should
be measured under the following conditions:

Normal atmospheric pressure

The tube should be adjusted to the worst possible operating conditions.

The temperature should be measured when thermal equilibrium is reached.

The distance from the thermometer to the outside of the envelope should be 3 inches
(measured in a plane perpendicular to the main axis of the tube at the height of the
condensed-mercury boundary).

e. The thermometer should be shielded against direct heat radiation.

a0 o

11 Transformer losses and voltage drops in tubes are neglected.

2 6/62
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SINGLE PHASE
FULL-WAVE

SINGLE PHASE
FULL-WAVE

THREE PHASE
HALF.WAVE

THREE PHASE

Eavg. —

2 TUBES 4 TUBES ZIG ZAG FULL-WAVE
1 FIG. 3 . FIG. 4
FIG. 1 FIG. 2 th +
= +*
—Eag

EnY
*D)

ERMS
Peak Inverse Voltage =21 KV
FIG. 1 FIG. 2 FIG. 3 FIG. 4
Transformer secondary
Voltage 7.4 14.8 8.5 14,8
kv, rom.s.
Output Voltage 6.7 13.4 10 20
kv
Output Current
A 5 5 7.5 7.5
Output Power 33,5 67 75 150
kw
Peak Inverse Voltage = 15 KV
Transformer Secondary
Voltage 5.3 10.6 6.1 10.6
kv rom.s.
Output Voltage 4.8 9.6 7.2 14.4
H . . . .
Output Current
Amps 6 8 9 4
O“‘P“Lf:““ 28.8 57.6 64.8 130
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PIN CONNECTIONS

I. GRID

2. FILAMENT

3. FILAMENT

4. NO CONNECTION
CAP- ANODE

<109

3.543

DIA

e |

12.795 13.46%
+315 *.394

Uu

L 2.953

MAX.DIA.
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Amperex

MAGNETRONS

GENERAL INFORMATION AND NOTES ON OPERATION

MAGNETRON OSCILL ATORS are two-element high-vacuum tubes widely used for the generc-
tion of continuous-wave or pulsed signals in the higher frequency bands. The normal operating
wavelengths of this type of oscillator are approximately 30 cm and less, Mognetrons are essen-
tially rugged, high-efficiency, high-power devices, and they therefore find numerous applica-
tions asradartransmitters and wherever high-power oscillations at high frequencies are required,
Owing to the short wavelengths involved, the resonant system of this type of oscillator is plac-
ed within the vacuum envelope of the tube and is thus an integral part of the device.

A magnetron operates by virtue of the presence of crossed electric and magnetic fields in
its cathode-anode interaction space. Owing to the magnetic field, the electrons emitted by the
cathode, instead of following radial paths to the anode, tend to follow cycloidal trajectories,
some of them returning to the cathode, others reaching the anode after tracing a number of cusps
in their paths, depending on their phasing with respect to the rf cycle. By proper design of the
anode structure and adjustment of the magnitudes of the electric and magnetic fields, the elec-
trons can be made to give up some of their energy to the electromagnetic wave established in
the cathode-anode interaction space. This useful power output can then be coupled out to an
external high-frequency transmission line.

RESONANT SYSTEM

The tuned circuits of the magnetron usually take the form of a number of cavity resono-
tors arranged symmetrically around the cathode, These resonators may be of various shapes,
the most commonly used today being the ‘‘hol d-slot’’ arrang t, in which the capaci-
tive (“*slot’’) and inductive (“‘hole’’) parts of the tuned circuit are more distinctly separated;
the **vane’ type, in which a number of flat vanes are used to form the resonant cavities; and
the *‘rising sun’’ system, employed at the shorter wavelengths (3 cm and less), consisting of
two groups of cavities of different sizes, arranged alternately around the cathode. (See Fig. 1)
A particular tube type, with identical mechanical characteristics, may be constructed with dif-
ferent anode arrangements, and as a consequence the tubes of different manufacturers may ex-
hibit various sensitivities to imposed conditions, such as time-of-rise of the pulse voltage,
changes in plate voltage, etc., even though they are tested to identical electrical test speci-
fications.

An infinite number of ‘‘modes’’ of oscillations can be supported by a given arrangement
of magnetron resonators of a particular geometry, and the resonant structure has to be care-
fully designed to favor the desired mode of oscillations and suppress all others, Magnetrons
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are normally operated in the ‘‘principal’’ or 77- mode, in which successive anode segments are
always gt opposite phases of the rf cycle (77 electrical degr=es apart), The wavelength of the
undesired modes are moved to values substantialiy differen: irom that of the principal.mods

by proper anode design and the use of various types of "snuEE?_ng_',’ by which is meant an
arrangement of electrical conductors connecting aiternate anode segments.

Various strapping schemes have been developed for magnetron anodes. *‘Echelon’ I
strapping refers to an arrangement in which short wires are used fo connect every other

anode segment. In *‘single-ring’’ strapping, @ eontinuous ring is brezed to alternate vanes,

while in ““double-ring’ strapping, two rings are used, the second ring connecting the ancde
segments not ‘‘strapped’’ by the first, In addition, “double-ended’’ or ‘‘single-ended®’ strap-

ping may be used, depending on whether both sides of the anode cylinder are strapped or

only one side (the latter being used chiefly for thin anodes ),

In strapped anodes, particularly in those using the more involved strapping arrangements,
the strap-to-strap and strap-to-vane capacitances become major contributing factors to the
total equivalent capacitance of the resonant circuit, The vane-to-vane (or “*slot", in the
hole-and-slot anode) ond the anodessegment fringe capacitances are the other factors con-
tributing to the total capacitance, while the resonator-to-cathode capacitances usually pro-
vide the coupling capacitance between the individual cavity resonators.

C.RISING SUN ANODE
FIGURE |: TYPICAL MAGNETRON ANODE STRUGCTURES



ENERGY-COUPLING SYSTEMS

The rf energy generated by the magnetron can be coupled to an outside load by means of
any of several arrangements. Capacitive (probe) or inductive (loop) coupling devices can be
used, and the impedance transformation from the outside transmission device (which in itself
can be coaxial line or waveguide) to the magnetron output impedance can also be accomplish-
ed in o variety of ways,

The most commonly used coupling devices are inductive loops and slots. The former, eme
ployed in conjunction with coaxial output lines, can be placed inside one of the cavity re-
sonators ("‘in-cavity-loop'’) or at one end of the anode block, in line with one of the resona-
tors (** halo loop®)s The slot coupling, normally used in conjunction with waveguide matching
sections and waveguide output transmission lines, is usually placed at a high current point
in the back of a resonator. (See Fig. 2) Other, less commonly used energy-coupling devices,
include arrangements employing metallic posts attached to the straps or vanes (‘'strap-
or vane-fed outputs’’). A scheme frequently used combines a coaxial-line output with a
coaxial-to-waveguide adapter, all within the tube package, so that a loop coupler can be
used even though the output of the magnetron is in rectangular waveguide.

NN

VEORNY ¢
N —
P NS
A"HALO" LOOP(2J48) I_3_ WAVEGUIDE OUTPT (4457)

OUTPUT COUPLING
LOOP

QUTPUT COAXIAL LINE

NN
22

C."IN-CAVITY" LOOP (5586)

FIGURE 2: TYPICAL MAGNETRON OUTPUT STRUCTURES
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-MAGNETIC CIRCUIT

The magnetic circuit in a magnetron must be such that a uniform field be produced in the
cathode-anode interaction space, and that the magnetic field density be of the proper magni-
tude to sustain oscillations in the desired mode. In magnetrons using a permanent magnet as
an integral part of the tube (‘‘packaged magnetrons'’), the magnitude of the required field
density determines the minimum weight and size requirements of the tube. In tubes designed wr
for operation with external magnets (‘‘unpackaged magnetrons®’), the magnetic circuit within
the tube must be designed so that it con be easily attached to, and forms a logical extension
of, the external magnet.

The requirement of uniformity of the magnetic field in the interaction space, although not
too difficult from the strictly magnetic design point of view, causes some involvements in
most practical cases owing to the normal tube assembly techniques. Thus, in the case of
axiol-mounted cathodes, for example, either one or both magnetic pole pieces have holes ex-
ceeding the diameter of the cathode to facilitate proper cathode mounting and axial position-
ing. The presence of these comparatively large holes in the pole pieces causes a distortion
(““anti-barrelling’’) of the magnetic field lines in the interaction space, which is usually
counteracted by shaping the pole pieces to cause ‘‘barrelling’’ of the field. A more involved
arrangement uses magnetic materials located on the cathode support for shoping the magnetic
field, in which case an additional problem arises in maintaining the magnetic properties of
these parts at the high temperatures which they reach owing to heat conduction from the ca-
thode itself.

Other considerations in the design of magnetic circuits for magnetrons are the physical
properties of Alnico V, extensively used for the fabrication of permanent magnets; and o
concern for preventing saturation effects in any part of the magnetic circuits.

In view of the above, it should be recognized that the magnetic circuit of a magnetron is
one of the important components of the tube structure. For unpackaged tube types, both the
physical shape and the magnetic field density in the air-gap of the external magnet are us-
vally specified. The permanent magnets of packaged tubes are normally saturated prior to the
aging of the magnetron, and are subsequently demagnetized (and thereby stabilized) on the —
production test station to a value corresponding to operation of the tube within its voltage,
current, and power-output ratings.

CATHODE STRUCTURE

The design of magnetron cathodes must take into consideration the particular charac-
teristics of magnetron operation, Thus, the large percentage of secondary emission, the high
peak currents required (in pulsed magnetrons), the shape of the electric field in the interac-
tion space, and the importance of the cathode surface, all play their part in cathode design.

Several varieties of alkaline-earth oxide cathodes have been developed for pulsed-
magnetron applications. In AMPEREX magnetrons the most commonly used cathodes of this
type are those employing nickel mesh or sintered nickel (‘'matrix’’) bases, Oxide-coated or
thoria cathodes may be used in continuous-wave tubes, depending on the particular applico-
tion, cathode current required, etc. A newly-developed cathode, the Philips impregnated
type, appears to show great promise for magnetron opplications. This type of cothode uses
porous tungsten impregnated with o suitable emissive material, and the resulting structure
appears to have superior qualities insofar as magnetron stability and cathode life are concerned.

“"end

Essential parts of the magnetron cathode structure are the cathode end shields (or
hats’’), which are enlarged-diameter sections placed at both ends of the cathode, These
shields, which are maintained at cathode potential, distort the electrostatic field lines near
the ends of the cathode in such o way as to provide an electrostatic field component directed
inward toward the center of the gnode and thus prevent electron leakage from the interaction
space. The presence of the shields materially changes the magnetron volt-ampere characteris-
tic, and is essential for proper tube operation. -

Both the size and the centering of the magnetron cathode are of great importance to pro-
per tube functioning. Sn.all changes in cathode diameter not only change the magnetron plate
voltage (for a given magnetic field), but may also grectly affect the efficiency of the tube.
Radial off-centering of the cathode may lead to serious malfunctioning of the magnetron, such



as deterioration of the spectrum (in pulsed tubes) or wrong-mode operation; while axial off-
centering causes a decrease in magnetron efficiency or, ogain '‘moding'’ of the tube,

Either axial or radial supports can be used for magnetron cathodes (See Fig. 3).In
. either case, the thermal expansion of the cathode has to be considered, and cathodes are
mounted in such @ manner that after expansion they are properly centered. The sensitivity
of the magnetron cathode to precise centering is reflected in the assembly procedures of
most magnetrons, since in fixing the order of assembly of tube P ts it bec ime
‘portant to allow for the inclusion of carefully designed cathode-centering fixtures.

/N GATHODE

BN

%

| R AR
A. AXIAL SUPPORT (4J52)

GPPORT CATHODE
SUPPORT SUPPORT
POLE POLE
PIECE PIECE

N ,‘}"/\\}‘l" P;é})>>>>, \\\' ATHODE

. RADIAL SUPPORT (4447)

FIGURE 3: TYPICAL CATHODE -MOUNTING ARRANGEMENTS
FOR MAGNETRONS
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The electron trajectories in a mognetron are such that the cathode is subjected to a con-
siderable amount of back bombardment during normal tube cperation, which, in turn, tends to
heat up the cathode to excessive temperatures. It is for this reason that it becomes necessary
to reduce the filament power once the magnetron starts oscillating and the back-bombardment
power increases. Filament power reduction schedules aim ot the maintenance of on approxi-
mately constant cathode temperature throughout the operating range of the tube. Some megne-
trons, notably some of the 3-cm tubes, operate entirely on secondary cathode emission; in
these tubes the heater is used only to bring the cathode up to temperature during the initial -
warm-up period, after which all filament power is discontinued.

TUNABLE MAGNETRONS

In addition to magnetrons operating at fixed frequencies, a number of tunable types have
been developed and cially produced. Although some electronically-tuned tubes have
been constructed on an experiemental basis, most tunable magnetrons employ mechanical
tuning elements, so that their tuning rates are inherently slow.

Either the capacitances or the inductances of the magnetron resonant structure can be
changed for purposes of frequency-tuning the tube. In capacitive tuning arrangements, @ flat
ring ("'cookie cutter’’ tuner) may be inserted between the straps, thereby increasing the
capacitance (and the operating wavelength) ; or a tuning head comprising a multiplicity of
flat strips may be inserted in the capacitive regions of the magnetron resonators, again in-
creasing the wavelength as the tuner is inserted. The most commonly used inductive tuning
scheme involves the insertion of metallic posts in the inductive regions of the resonators
(**crown-of-thorns'’ tuner). These pins, which may be of circular or trapezoidal cross-sec-
tion depending on the shape of the resonators (hole-and-slot or vane-type anode), decrease
the inductance and consequently the resonant wavelength of the structure as the tuner is
inserted into the resonators. Schemes have also been evolved using a combination of both
capacitive and inductive tuning.

MALFUNCTIONING OF MAGNETRONS

As has already been mentioned, the operation of @ magnetron is greatly influenced
both by the external load into which it delivers its useful output, and by the characteris-
tics of the input pulse. Owing to this interdependence of the magnetron and the associated
circuitry, it is frequently not possible to separate the causes of system malfunctioning and
ascribe them accurately to either the pulser or the tube. Certain general remarks, however,
may be of interest.

The most commonly observed manifestations of magnetron malfunctioning are ‘‘moding’’

and arcing.

““Moding’’ is a rather loose term used to describe any magnetron malfunctioning in
which oscillations in other than the desired mode occur, These wrong-mode oscillations
can be observed to take place continudusly, so that energy is not coupled out of the magne-
tron to the outside load. This kind of moding may be caused by improper adjustment of the
magnetron input parameters, e.g. operating the tube with'improper magnetic field density in
the interaction space. A ‘““‘mode skip’’ occurs when the magnetron operates in the wrong
mode during some, but not all of the applied pulses (in pulsed operation). This malfunction=
ing is usually ascribed to pulser characteristics (e.g. improper rise time of applied pulse),
poor cathode characteristics (low emission), improper cathode centering, or, sometimes,
poor end-hat or anode end-space design. A ‘‘mode skip’’ is aecompanied by missing lines
in the rf spectrum and by a double voltage trace on the synchroscope viewing screen - the
two traces corresponding to the two voltage levels associated with the two distinct modes
of operation. A "‘mode shift’’ is a condition in which the tube oscillates in the proper mode
during part (usually the beginning) of the pulse, and in a higher-voltage mode during another
part of the pulse. In this type of moding no missing lines are present in the spectrum analy-
zer display but the rf spectrum broadens (since the pulse duration is effectively shortened).
A ""mode shift"" is usually associated with improper loading of the magnetron, but other
factors (such as e.q., cathode-surface conditions) may alse come into play.

A g



ZMviuy OF U MOGGNEeTron IS USUTlly deTined as any condifion during which the tube draws
higher-than=normal plate current. Arcing is usually related to the finish of the anode segments,
the surface condition of the cathode, and the ultimate pressure in the tube. It may also be
caused by improper pulser and load characteristics.

A certain amount of arcing normally occurs during the aging period of a new magnefron and _
in the starting of o tube after prolonged inactivity, but excessive arcing may permanently
damage the tube. From an application point of view, starting the magnetron with insufficient
filoment warm-up time is conducive to destructive arcing.

OPERATING CURVES FOR MAGNETRONS

It has been found convenient to present magnetron operational data by means of two
special forms of charts, the Rieke Diagram and the Performance Chart«

The Rieke Diagramis arranged to permit a study of the effects of load variations on mag-
netron frequency and power output under the conditions of fixed input conditions and a fixed
magnetic field. A typical Rieke Diagram shows power and frequency contours for a tube opera-
ting into a suggested load (such as o waveguide of a specified type) with the magnitude of
the standing-wave ratio varied over practical limits and its phase angle varied over 180 elec-
trical degrees. From the diagram, the resulting frequency ‘‘pulling,”’ a factor that indicates
the deviation in the magnetron frequency resulting from o mismatch in the output transmission
line, can be readily determined. The ""pulling’’ factor of a tube usually gives the value of
the maximum frequency variation that results from a YSWR of 1.5:1 in the output transmission
line.

A magnetron Performance Chart corresponds most closely to the typical characteristic
curves of other types of tubes - that is, voltage-current plots. Curves representing a series
of typical values of magnetic field, power output and efficiency are plotted in a system of
voltage-current coordinates. Voltage and field strength are the controlled variables which
together determine the current. The resulting efficiency and output power are indicated for
a given load impedance, which usually represents the matched-transmission-line condition.
Most magnetron performance charts exhibit a region of improper operation and poor efficiency
ot low magnetic field densities and low values of current. In general, one should not attempt
to operate a mognetron at other than within the limits of its published performance chart con-
ditions.

ELECTRICAL CHARACTERISTICS

Absolute Ratings: The absolute ratings published in this catalog represent extreme
(maximum or minimum) operating values of the various tube parameters that must not be ex-
ceeded. The published absolute ratings are not intended to be applied simultaneously, Thus
if, for instance, the maximum allowable current under certain conditions cannot be reached
without exceeding the maximum allowable voltage, a lower current must be used, so that the
“‘absolute maximum'’ voltage rating will not be exceeded.

Typical Operation: Conditions described under this heading usually represent the speci-
fications to which Amperex magnetrons are tested after manufacture. In general, whenever
operation at conditions materially different from those described is contemplated, the Amperex
Application Engineering Department should be consulted.

The following notes apply to the quantities which appear in the Typical Operation sec-
tions of the catalog data sheets,

In pulsed operafion: Duty cycle — pulse width X pulse repetition frequency
average power

Peak (pulsed) power =
Duty cycle

Peak (pulsed) plate current =-2¥Er9ge plate current

Duty cycle

The average power is normally measured by calorimetric methods. In this arrangement,
the heating effect (average power) of the magnetron output signals is measured by measuring
the difference in temperature of a column of water at constant flow rate (gradually introduced
into a waveguide to produce a matched load for the magnetron),at the points of incidence and
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emergence from the guide. This temperature difference is directly related to the magnetron
average power output,

Pulse voltage can be measured in a variety of ways. The arrongements most commonly
used make use of a capacitive voltage divider for displaying and measuring a known fraction
of the pulse voltage on a synchroscope screen; or, apply the full pulse voltoge directly to a
peak-reading voltmeter. The pulse current, on the other hand,cannot be measured convenient-
ly; rather, the, average plate current is measured by means of a pul se-stretching (averaging)
network and a suitable milliammeter.

Pylse width is usually measured either at half-amplitude of the current pulse (which can
be viewed by placing a non-inductive current-viewing resistor between the non-pulsed magne-
tron electrode and ground) or at 50% of the amplitude of the detected rf output envelope when
measured with a square-law detector.

The rote of rise of the voltage pulse is an important factor in some magnetrons, as both
too slow and too fast a rise time may lead to poor magnetron operation. Usually too high a
rate of rise is the more serious offender, because under this condition the magnetron tends
to operate in a higher-voltage mode. Thus, maximum rates of rise (measured in kilovolts/micro-
second) are usually specified. A good definition for maximum rate of rise is the maximum
slope of the voltage pulse above the 80% level of the voltage pulse amplitude. Oscilloscope
photography can be used to advantage in the measurement of this quantity.

The shape of the rf spectrum is of importance in pulsed-magnetron applications, since
broad rf spectra usually Tead to poor operation of the radar receiver AFC systems. The rf
bandwidth is measured on a spectrum analyzer display, and is defined as the width of the
spectrum at the half-power level (3 db down from maximum if a square-law detector is used
as the spectrum analyzer mixer).

The pulling factor of a magnetron is a measure of the tube’s sensitivity to changes in
load conditions. Usually the pulling factor is defined as the maximum frequency variation
of the magnetron when a mismatch of 1.5:1 in VSWR is introduced in the output transmission
line and varied over all phases (180 electrical degrees). A knowledge of the magnetron pull-
ing factor thus permits the system designer to predict transmitter frequency changes for
various values of antenna mismatch, and aids him in establishing proper design specifico-
tions for the load components, such as rotary joints, feed lines, antenna matching devices,
etc. It should be recognized that the degree of coupling used in the magnetron output is, of
necessity, a compromise between adequate power output and comparative insensitivity to ex-
ternal load variations (low pulling factors). .

HANDLING AND OPERATING PRECAUTIONS

Complete mechanical protection of leads is needed, to insure completely vacuum-tight
seals and to prevent even small alignment shifts of the cathode.

The preliminary cathode heating time that is specified for each type must be main-
tained before power is applied.

Power should never be applied with the magnetic field absent.

If the heater current is to be reduced after an initial period, the specified schedule
should be followed exactly.

Recommended cooling must be maintained.

Recommended duty cycle in pulsed operation should not be exceeded. If it is necessary
to exceed the specified duty cycle, check with the AMPEREX Application Engineering De-
partment for best operating levels consistent with satisfactory life.

The filament should not be operated from power sources substantially higher than 400
cycles, without checking with the AMPEREX Application Engineering Department. If the
mechanical vibration period of the filament approaches resonance conditions with the fila-
ment current frequency, shortened life may result.

Magnetic materials should be kept at least 2 inches away from field magnets to avoid
demagnitization.

Operation must be kept within maximum ratings. s

Symbols and abbreviations used in the Amperex Magnetron data sheets conform
to those used in Specification MIL-E-1B




AMPEREX MAGNETRONS 4)57°4)58°4)59

GENERAL DESCRIPTION

The types 4J57, 4J58 and 4J59 are packaged, fixed-frequency, pulsed magnefron
oscillators designed for operation in the 4.5 cm. band. The output of these tubes
is in 1'% by % inch rectangular waveguide. The operating frequencies under

matched-load conditions are as follows:

Frequency
Tube Type (megacycles per second)
4157 6475 to 6575
4J58 6375 to 6475
4159 6275 to 6375

GENERAL CHARACTERISTICS

ELECTRICAL DATA

Absolute Ratings

Filament Voltage (max.) . . . . . . . . . 126+410% volts
Plate Voltage (max.) . . . . . . . . . . 25 KV

Plate Current (max.) . . . . . . . . . . . 35 amps.

Power Input—peak (max.) . . . . . . . . 600 KW

Power Input—average (max.) . . . . . . . 400 watts

Duty Cycle Product (max.) . . . . . . . . .00l

Pulse Duration (max.) . . . . . . . . . . 2.5 microseconds
Filament Warm-up Time (minimum) . . . . . 120 seconds
Anode Temperature (max.) . . . . . . . . 100° C.

MECHANICAL DATA

Dimensions . . . . . . . . . . . . . . seeoutlinedwg.
Mounting Position . . . . . . . . . . . any
Mounting Method . . . . . . . . . . . output plate (see dwg.)

Weight (approx.) (with magnet) . . . . . . 121bs.



4)57+4)58-4159

Operation
. see

Frequency . . . . .
Power Output—pulsed .
Power Output—average
Pulse Voltage . . . .
Plate Current—pulsed .
Plate Current—average
Pulse Width . .

Duty Cycle Product . .
R.F. Bandwidth (max.) .
Pulling Factor (max.)
Life (min.) . . . . .
Filament Voltage—start
Filament Current . . .

"General Description”
. 210 KW

. 210 watts

. 16to 19KV.

d 30 amps.

" 30 ma.

" 1 microsecond
. .001

s 3 mc./sec.

. 15 mc./sec.

. 500 hrs.

. 12.6 volts

. 3.25 to 4.0 amps.

NOTES ON OPERATION

. Forced-air cooling is required on the anode

to keep its temperature below approximate-
ly 100°C.

2. The temperature of the cathode support
must not exceed 275° C. It is advisable to
cool the cathode radiator fins by means of
forced air.

3. The heater voltage should be reduced fol-
lowing the application of high voltage, as
per the following schedule:

Average Power Input Filament Volts
B850 o csiinaisn =0
800-850 __
750-800
700-750 ......
650-700
600-650
550-600 .
500-550 ...
450-500 ..
400450 __.

4. Magnetic materials should be kept away
from the permanent magnet a distance of
at least 3 inches.

5. The AMPEREX Application Engineering

Department should be consulted whenever
it is contemplated operating the tube at
conditions substantially different from those
given above.
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AMPEREX MAGNETRON TYPES 558050651

GENERAL DESCRIPTION

The Amperex types 5586 and 5657 are identical in physical appearance and
electrical performance, except for frequency coverage and pulse voltage.

These are unpackaged, tunable, pulsed magnetron oscillators designed for
operation in the 10 cm. region of the electromagnetic frequency spectrum. They
are used with an external magnet having an air gap of 1.8 inches and a mag-
netic field density of 2700 gauss. The output of the tubes is in 1% " coaxial
transmission line. The frequency ranges of these tube types are as follows:

Tube Type Frequency
(megacycles per second)
5586 2700 - 2900
5657 2900 - 3100

GENERAL CHARACTERISTICS

ELECTRICAL DATA
Absolute Ratings

Filament Voltage (max.) . . . . . . . . . 16.0410% volis
Plate Voltage (max.) . . . . . . . . . . 30 KV

Plate Cwrrent (max.). . . . . . . . . . . 70 amps.

Plate Input—peak (max.) . . . . . . . . . 2000 KW

Power Input—average (max.) . . . . . . . 1200 watts
Filament Warm-up Time (minimum) . . . . . 120 seconds
Duty Cycle Product (max.) . . . . . . . . .00l

Pulse Duration (max.) . . . . . . . . . . 2.5 microseconds
Anode Temperature (max.) . . . . . . . . 100° C.

MECHANICAL DATA
Dimensions . . . . . . . . . . . . . . seeoutlinedwg.
Mounting Position . . . . . . . . . . . any

Weight (approx.) . . . . . . . . . . . . 5lbs.



558645657

Typical Operation

Frequency (tunable){ gggg

Power Output—pulsed .
Average Power

Pulse Voltage{gggg

Plate Current—pulsed .
Plate Current—average
Pulse Width

Duty Cyecle Product .
Magnetic Field .

R.F. Bandwidth (max.) .
Pulling Factor (max.)
Life (min.)

Filament Voltage—start

Filament Current (at 16.0 volts) .

. 2700-2900 mc./sec.
. 2900-3100 mc./sec.

800 kw
400 watts

.27 to 32 kv
.27.5 to 32.5 kv

70 amps.
35 ma.
1 microsecond

.0005
2700 gauss

2.5 mc./sec.

15 mc./sec.
500 hrs.

16 volts

2.8 to 3.4 amps.

NOTES ON OPERATION

. During high voltage op
to operate the heater according to the fol-
lowing schedule:

itis ti

Pi (watts) Ef (volts)
1000-1200 eS8
800-1000 ..o e 10,5
600-800 ........... S— |
400600 ... =g ]
Less than 400 ... 16

The above schedule is valid only for repe-
tition rates of 300 pps or greater.

2. For the calibration procedure of the mag-

netic field see Spec. JAN-1A-5586 or JAN-
1A-5657 or communicate with the AMPEREX
Application Engineering Department.

. The output of the tube can be maintained

at a pressure of 40-45 lbs./sq. inch.

. The AMPEREX Application Engineering

Department should be consulted whenever
it is contemplated operating the tube at
conditions substantially different from those
given above.
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i, TEST COUPLING MAGNETIC FIELD CALIBRATORS
(NOT FURNISHED WITH TUBE)
2y FIGURE B FIGURE A
MAGNET WITH MAGNET WITH
< £ g =02 POLE PIECE S S e oA
S & 8 2125%00
8 8 8 5 2! F-2 3
a0 A - 2 318 NF- 10-32 FLAT —_
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- TR Li20.0.x.04swaLe
.937+.003 4|r
1.125+.003 4 lz L
—1{ 1.875.005 |~—
—7gHOLE Csk
P
DRAWINGS REFERENCES
1. The center of the jack holes shall be within a radius of .100 of the location speci-
fied, but shall be spaced .797 *.015 with respect to each other.
2. This anular area shall be flat within .015 (a thickness gage .125 wide shall not
enter more than .250).
3. The periphery of the anode shall lie within a 2.160 dia. circle located as specified
for non-tunable side of anode.
4. Common cathode connection marked with letter C.
5. Input flange can be pressurized.
6. Tube may be supported by mounting plate or guard pipe.
7. Applies to location of centerline of guard pipe only.
8. Centerline of max. dia. is concentric with centerline of guard pipe to within .040.
9. Applies to inner conductor insert only. Centerline of inner conductor insert is con-
centric with centerline of guard pipe to within .025.
P 10. Applies to straight portion of inner conductor wall.

11. Tube can be supplied with spline located as shown when specified by customer,

12. Tuning mechanism will provide full range of tuning with 110 complete revolutions
of tuning spline.

13. Protective guard for shipping purposes.
14. Hex locking head banana pin jack 19/32 long hole. .169 *.005 dia.
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(5586 - 5657 RiERE DIAGRAM |

PEAK CURRENT = S0 AMPERES

MAGNETIC FIELD= 2100 GaussS
FREQUENCY OF OMG/SEC cConTOUR
5586 =2800MG/SEC
5637 =3000mMc/8EC
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AMPEREX TUBE TYPE 8108

The Amperex 8108 is a disc seal triode designed for use as a CW amplifier,
oscillator, frequency doubler or frequency tripler to frequencies over 6000
mc/sec. The 8108 delivers a saturation power of more than 2 watts with an
operating voltage of only 180 volts. Amplifier gain of 19 db or more can be
achieved. In suitable cavity circuits the 8108 can operate at full power with
sink cooling or free-air convection cooling. Life expectancy is 10,000 hours.
For fuether circuit information contact Amperex Applications Engineering
Department,

GENERAL CHARACTERISTICS

MECHANICAL

Dimensions see outline drawing
Base OCTAL
Mounting 1 any
Seal Temperatures

Anode 2 150° C max

Grid 2 75° C max

Cathode 2 75° C max

ELECTRICAL
Heater Voltage 6.3 volts ac or dc
parallel supply

Heater Current 0.735 amps
Direct Interelectrode Capacitances 3

Anode to Grid 1.4 puf

Anode to Cathode 0.035 puf

Grid to Cathode 3.0 puf

Min, Nom, Max,

Anode Voltage - 180 - 180 volts
Anode Current - 60 - 30 ma
Negative Grid Voltage 0 1.25 2.5 2.8 volts
Transconductance 15,000 21,000 ~ 18,000 micromhos
Amplification Factor 33 43 52 43

Special attention should be paid to the mounting of the tube in those cases where it
is used in portable equipment, Shocks, especially in a direction perpendicular to the
axis of the tube should be avoided,

A low velocity air flow may be necessary.

Measured with 6.3 volts on the heater under conditions where no cathode current is
drawn.

9/61 Hi



8108

MAXIMUM RATINGS, ABSOLUTE VALUES

Anode Voltage (Cut-Off Condition) 500 volts max
Anode Voltage 300 volts max
Anode Dissipation 10 watts max
Negative Grid Voltage 50 volts max
Positive Grid Voltage 0 volts max
Grid Current 10 ma max

Grid Dissipation 200 milliwatts max
Grid Input Power (f = 4000 mc)

(Grounded GridCircuit) 1 watt max
Cathode Current 70 ma max
Cathode-Heater Voltage 50 volts max
Heater Voltage 6.3 * 2% volts max

MAXIMUM CIRCUIT VALUES

External Cathode-Heater Resistance 20,000 ohms max
External Grid Lead Resistor # 3000 ohms max

TYPICAL CHARACTERISTICS AS AMPLIFIER (Frequency = 4000 mc)

Anode Supply Voltage, Epp (See Figure 3) 200 200 volts
Grid Supply Voltage, Ecc (See Figure 3) +20 +20 volts
Cathode Resistor 5 - -

Anode Current 60 30 ma
Bandwidth € 50 50 mc
Power Output (Power Gain = 8 db) 1.87 = watts
Power Qutput (Power Gain = 6 db) - 0.5 8 watts
Power Gain (Power Input = 1 mw) 138 1392 db

4 This value can be multiplied by the dc inverse feedback factor to a maximum of
25,000 ohms,

A variable resistor of 500 ohms max (at an anode current of 60 ma) or 1000 ohms
max (at an anode current of 30 ma) is to be used. It should be adjusted for the de-
sired anode current. See Figure 3.

8 The quoted value is the bandwidth between the 0.1 db points of the flattened re-
sponse curve, See Figure 4.

1.5 watts min.
0.35 watts min,

8 10 db min.

|2 9/61



8108
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8108

> CATHODE R.F. AND D.C. CONNECTION. PINS 3 AND 8
ARE CONNECTED INTERNALLY TO THIS TERMINAL .

.039 MAX

DIA.
.709+.008

.138 MIN

77775772572 P27777777772272

77— 177777

R.F. CONTACT

7
}-32Ns-28

FIG.2
RECOMMENDED MOUNT

NOTES: OUTLINE DRAWING (FIGURES 1 AND 2

Thread of the Grid Disc and of Recommended Mount

32 turns per inch
Thread angle = 60°

Figure 1

Figure 2

Minor Diameter  Major Diameter  Pitch Diameter

+0 +0 +0 .
0-835 _ 5006 ©0-874_g,006 ©0:854— q,0035 inches
+0 . 0 :
0.847 _ 0.006 0.874 min 0.858 _ 0.0047 inches

Note 1: The eccentricities are given with respect to the axis of the threaded hole
(see Figure 2) in which the tube is screwed firmly against the flange, the
inner diameter of which is 0.709 inches,

Note 2: Eccentricity of the axis of the anode = 0.006 inches max.

Note 3: Eccentricity of the axis of the cathode = 0,008 inches max.

Note 4: The tolerance of the eccentricity of the axis of the base is such, that this
base fits into a hole with a diameter of 1,280 inches, provided this hole
is correctly centered with respect to the axis of the hole of Figure 2.

Note 5: The tolerance of the eccentricity of the axis of the base flange is such,
that this flange firs into a hole with a diameter of 1.319 inches, provided
rhis hole is correctly centered with respect to the axis of the hole of

Figure 2.
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8108

ANODE CURRENT AS A FUNCTION OF GRID VOLTAGE
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POWER OUTPUT (MILLIWATTS)

8108
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ANODE CURRENT = 60mA
FREQUENCY = 4000 Mc/s
BANDWIDTHO"db = 50Mc/s ® )
10,000 = N
S AL
o A
5
L)
ho
Cxl
L
1,000
74
100 /
7/
/i
-
/
o
10 /.
/
I
0l
o. [ 10 100 1000

POWER INPUT (MILLIWATTS)

9/61 B



( J




aMPEREX TuBe TYPe EGLDI

The Amperex EC157 is a disc seal triode designed for use as a CW amplifier,
oscillator, frequency doubler or frequency tripler to frequencies over 6000
mc/sec. The EC157 delivers a saturation power of more than 2 watts with an
operating voltage of only 180 volts. Amplifier gain of 19 db or more can be
achieved. In suitable cavity circuits the EC157 can operate at full power with
sink cooling or free-air convection cooling, Lifeexpectancy is 10,000 hours.
For further circuit information contact Amperex Applications Engineering
Department,

GENERAL CHARACTERISTICS

MECHANICAL

Dimensions see outline drawing
Base OCTAL
Mounting 1 any
Seal Temperatures

Anode 2 150° C max

Grid 2 75° C max

Cathode 2 75° C max

ELECTRICAL
Heater Voltage 6.3 volts ac or dc
parallel supply

Heater Current 0,735 amps
Direct Interelectrode Capacitances 2

Anode to Grid 1.4 puf

Anode to Cathode 0,035 puf

Grid to Cathode 3.0 pud

Mine  Hogr " WS

Anode Voltage - 180 - 180 volts
Anode Current = 60 - 30 ma
Negative Grid Voltage 0 1.25 2.5 2.8 volts
Transconductance 15,000 21,000 ~ 18,000 micromhos
Amplification Factor 33 43 52 43

1 Special attention should be paid to the mounting of the tube in those cases where it
is used in portable equipment. Shocks, especially in a direction perpendicular to the
axis ‘of the tube should be avoided. 1

2 A low velocity air flow may be necessary.

3 Measured with 6.3 volts on the heater under conditions where no cathode current is
drawn.

2/61 H1




EC157

MAXIMUM RATINGS, ABSOLUTE VALUES

Anode Voltage (Cut-Off Condition) 500 volts max
Anode Voltage 300 volts max
Anode Dissipation 10 watts max
Negative Grid Voltage 50 volts max
Positive Grid Voltage 0 volts max
Grid Current 10 ma max

Grid Dissipation 200 milliwatts max
Grid Input Power (f = 4000 mc)

(Grounded Grid Circuit) 1 watt max
Cathode Current 70 ma max
Cathode-Heater Voltage 50 volts max
Heater Voltage 6.3 * 2% volts max

MAXIMUM CIRCUIT VALUES

External Cathode-Heater Resistance 20,000 ohms max
External Grid Lead Resistor 4 3000 ohms max

TYPICAL CHARACTERISTICS AS AMPLIFIER (Frequency = 4000 mc)

Anode Supply Voltage, Epp (See Figure 3) 200 200 volts
Grid Supply Voltage, Ecc (See Figure 3) +20 +20 volts
Cathode Resistor 5 - -

Anode Current 60 30 ma
Bandwidth & 50 50 mc
Power Qutput (Power Gain = 8 db) 1.87 - watts
Power Output (Power Gain = 6 db) - 0.5 8 wartts
Power Gain (Power Input = 1 mw) 138 139db

4 This value can be multiplied by the dc inverse feedback factor to a maximum of
25,000 ohms.

A variable resistor of 500 ohms max (at an anode current of 60 ma) or 1000 ohms
max (at an anode current of 30 ma) is to be used. It should be adjusted for the de-
sired anode current. See Figure 3.

6 The quoted value is the bandwidth between the 0.1 db points of the flattened re-
sponse curve, See Figure 4,

7 1.5 watts min.
8 0.35 watts min.

©

10 db min.
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% CATHODE R.F. AND D.C. CONNECTION. PINS 3 AND 8
ARE CONNECTED INTERNALLY TO THIS TERMINAL .

DIA.
.709+.008

039 MAX .} 138 MIN
L —/ ! LR

V77777 %

R.F.CONTACT

1-32NS-28 -]

FIG.2
RECOMMENDED MOUNT

NOTES: OUTLINE DRAWING (FIGURES 1 AND 2

Thread of the Grid Disc and of Recommended Mount

32 turns per inch
Thread angle = 60°
Minor Diameter  Major Diameter Pitch Diameter

. +0 0 + 0 L
F 0.835 — :
igure 1 835 _ 0.006 0.874 _ 0.006 0.854 0.0035 inches
Pigurd 2 0.847 " 9 0.874 min 0.858 7 0 s salies
~ 0.006 — 0.0047

Note 1: The eccentricities are given with respect to the axis of the threaded hole

(see Figure 2) in which the tube is screwed firmly against the flange, the

inner diameter of which is 0,709 inches.

Note 2: Eccentricity of the axis of the anode = 0,006 inches max.

Note 3: Eccentricity of the axis of the cathode = 0,008 inches max,

Note 4: The tolerance of the eccentricity of the axis of the base is such, that this

base fits into a hole with a diameter of 1.280 inches, provided this hole

is correctly centered with respect to the axis of the hole of Figure 2,

Note S: The tolerance of the eccentricity of the axis of the base flange is such,

LI

that this flange fits into a hole with a diameter of 1.319 inches, provided
chis hole is correctiy centered with respect to the axis of the hole of

Figure 2.

2/61



EC157

+
=i /__
&
Ebp
Ecc ?
' p—
FIG.3
RECOMMENDED D.C.CIRCUIT
GAIN_ oip)
GA,NMAX
6 1}
-ol———f——————
| |
} |
| |
|
| |
' |
! i
I | —>f
[e——8 ——
FIG. 4

2/61

BS




EC157

)

(S1T0A) 39VLTOA 3AONY

00g 062 002 (o]°]] 00l 08 0
= - = =
- 1 =t
A 1 rad
N L A A A
P
Er= e 7
A 7 T
ey P pd
-70 7
) .
g ~ 11
ol A ~ T P
[N, [ A P ¥
- 7 P pad B
wvo_\T = = =
| -
e A A »
| N e LA L LA
L - = ]
o 7/\ = 1 e - 1
Lty LA LA
] 1
W= = = A
- o~
TN\ ] - = =
gt
) NeX 4 L~ [~
gt
B Ner A
Lﬂ_w\_hawoav..
il
[
[ [ ]

SO|LSIYILOVHVHO 3AONV

0S

00l

(el°1}

002

(S3Y3JAVITTIN ) LNIYHND 3AONV

2/61

mA



EC157

(SLT0A) 39YL10A 3AONY
00¢ 0s2 002 0S| 00l 0S
I
I-LA0
— Al+
& T
T .
T~
F——t———, ™y
- N
v —
0A Qlu9 = ] N
| —
— AN
——
~
i N
[
| I
I
Bl k, ?
M
| I |
[ l,ﬁ RN |
SOILSIMILOVHVHO YH34ASNVYHL JAONV-QIY9

(

ol

Sl

02

G2

(S3Y3dAVITTIN) LNINYND a1y

B7

2/61




80

(SIHIAJWYITTIN)LNIHEND FAONY

o O
(o] <

2/61

20

L1

L1

GRID VOLTAGE (VOLTS)

Tl

L1

ANODE CURRENT AS A FUNCTION OF GRID VOLTAGE

EC157

' D.C.AN




POWER OUTPUT (MILLIWATTS)
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AMPEREX THYRATRON TYPE 21021

The AMPEREX 2D21 is an inert-gas-filled thyratron of the tetrode type

with negative control characteristic. The cathode is indirectly heated.

The tube features a high control ratio independent of temperature over
a wide range, low anode-to-grid capacitance and very low grid current.
Because of its low capacitance, the operation of the 2D21 is not app-
reciably affected by line voltage surges, and the low grid current per-
mits it to be used with a high value of resistance in the grid circuit.
This results in a high circuit sensitivity so that the tube can be oper-
ated directly from a high-vacuum photo cell for example.

The AMPEREX 2D21 can be used in relay circuits, grid controlled re-
ctifier applications, the stabilization of A.C. output, in electronic

timers and in grid circuits of power thyratrons.
The type 2D21 is interchangeable with the following tube types:
GL-2D21, 20A2 and 4G/280K

MAXIMUM RATINGS
Absolute Values
Maximum peak anode voltage

IAVEIS® s s s v vssasomnesvsnnsnesscase 1300 volls

Forward . . . .........

....... o5 e sy 000 Yolts
Maximum cathode current
Potk s ssisons ssnmanssnumessemossnsesss U9 amp
Average . .. ... ... Thanessnnesesumass Ul CBp
Max. averaging time . ..... 30 seconds
Maximum negative control-grid voltage
Before conduction . v o« « s s eseses csaaaeaas.— 100 volts
During conduction . « v e v svsvencnsecsenesas —10 volts

Maximum positive control-grid current (averoge value)

Anode ppsitive . . . ... o oie e s e b 86w e e aie 0501 Gmp

Anode negative . . .. ... teeeesesssssssssses 001 amp



2D21

Maoximum negative shield-grid voltage
Before conduction . o« v vt v v it naess. —100 volts
During conduction . « « e v cvvvvvnvnseneesse —10 volts
Maximum positive shield-grid current

Anode positive . . .. .vtvvet tirnenaannsas 0,01 amp

Anode negative . .......00000vieesessas 0,01 amp

Maximum heater-cathode voltage
Heaternegative . . . . . v v v v teveeneseesss—100 volts
Hootel poRithne:. .« 27u's = v ainiviis erueh ¥a osaiar TR Wbits
Moximum external resistance between

control-grid and cathode . . . . .. ... ... veveueee._+ 10 megohms

Ambient Temp. limits ..o vveeueree veeenneee v oo.—70°t0 +90°C

GENERAL ELECTRICAL DATA

Heater Voltage . . . .ot tvvvvvcnncenennenneenees 6.3310% volts
HocterCurrom(Ef=6.3vol's)....................0.6 amp
Cathode heating timerequired . . . .....0vev0eveee... 10 seconds

Capacitances

Imput . t v evvivnneeenee. 2.4 uuf
Output s e cvneecnvassnne 1.6 uwof
Anode to control-grid . ..... 0.026 uwuf

Mechanical Data

Mounting position...... ... any
Base................. miniature button, 7 pin

Net weight (approx.) . .+ . ... 0.3 oz

TYPICAL CHARACTERISTICS

lonization Time

(DC anode voltage = 100 volts
Peak anode current during conduction =0.5 amp.

Grid overvoltage (square pulse) =50 volts) . ......... 0.5 microseconds

Max. critical grid current

(AC anode voltage =46 volts rms

A d. ¢ ~N 1 amn) N E losn mmna




2021

AreVolMgo........................... cscesess B volts

GENERAL CHARACTERISTICS

Control ratio between anode and control-grid
at striking point (Control-grid resistor = megohms
Scuon-gvldvol'qo"ﬂvoln )Jeesesoone oa 250

Control ratio between anode and screen-grid
at striking point (Control-grid resistor = megohms
Screen-grid resistor =0 megohms
DC control-grid voltage =0 volts) vus v vuuns, 1000

OPERATING CHARACTERISTICS FOR RELAY SERVICE

A.C. anode voltage 17 400 volts rms
Screen-grid voltage 0 0 volts
A.C. grid bias voltage (phase difference

between D,C, control-grid voltage and

anode voltage approx, 1800) 5 === volts rms
D.C. control grid voltage o —6 volts
Peak control-grid signal voltage 5 6 volts
Ancde resistor 1.2 2.0 megohms
Grid resistor 1.0 1.0 megohms

APPLICATION NOTES

Since the control-grid current of the tube is very low, an external
resistance of up to 10 megohms between the control grid and the
cathode is allowed. However, when a high value of grid resistor
is used, care should be taken to keep the tube base and socket
clean and dry in order to minimize leakage currents,

When the tube is operated with A.C, anode voltage supply and a
high value of grid resistor is used, it is necessary to keep the
circuit capacitance between the grids and the anode as low as
possible. This can be effected by placing the grid resistor direct-
ly at the socket terminal, by connecting the screen-grid terminals
(pins 5 and 7) to the cathode (pin 2) at the socket, and by using a
closefitting shield connected to the cathode terminal.

The screen grid is normally connected to the cathode but it can
also be used to shift the control characteristic of the tube. When




2D21

the screen grid is made negative the control-grid characteristic is
shifted in the positive direction. The use of the screen grid as con-
trol electrode has the advantage of increased sensitivity. However,
in this case the pre-conduction current and the capacitance to anode
will be higher.

The tube can be employed under constant blocked condition, i.e.
nonconductive, while heating current is continuously flowing. The
life will thereby be practically unlimited provided every three months
the full-load current is passed through the tube for a few minutes..

e —-%—MAX.DIA.

Al

zMAX.

275 MAX-
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AVERAGE GRID CHARACTERISTICS W
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AMPEREX THYRATRON TYPES

- €3J/5632 « C3JA,/5684

The Amperex tube types C3]/5632 and C3JA/5684 are three-electrode, xenon
filled thyratrons with negative-control characteristics. They are designed for
use in relay service, motor control and ignitor firing service.

GENERAL CHARACTERISTICS *

MECHANICAL
Overall Dimensions see outline drawing
Base medium, 4 pin with bayonet (A4-1C)
Mounting Position any
Net Weight (approx) 4 ounces
ELECTRICAL
—
Cathode directly heated
Heater Voltage 2.5 volts
Heater Current 8.5 amps
Recommended Heating Time ? 60 seconds
Interelectrode Capacitances
Plate to Grid 3 puf
Grid to Cathode 14 puf
Arc Voltage Drop 10 volts
Ionization Time 10 microseconds
Deionization Time 1 millisecond
o 1 Al values given apply to both tube types unless otherwise specified.

2 Minimum heating time is 30 seconds.

m]



€3J/5632 « C3JA/5684

m2

MAXIMUM RATINGS, ABSOLUTE VALL’ES1
Max Peak Anode Voltage

Forward
C3]/5632 900 volts
C3JA/5684 1000 volts
Inverse 1250 volts
Grid Voltage (before conduction) d 300 volts
Grid Voltage (during conduction) 10 volts
Peak Cathode Current 30 amps
Average Cathode Current (averaging time =5 secs.) 2.5 amps
Fault Current (0.1 sec. max)" 300 amps
Grid Current (averaged over one cycle) 0.1 amp
Peak Grid Current 0.5 amp
Grid Resistance e 10 - 100 kilohms
Ambient Temperature Range — SSOC to + 75°C
Commutation Factor 0.7 V/usec x A/usec

3 At plate voltage = 900 volts and grid resistance =50 - 100 kilohms, the grid voltage
can be 400 volts max,

4 Maximum anode fuse =10 amps. Recommended anode fuse =6 amps.

5 Recommended value =33 kilohms.

a7
s 154 MAX
®
ANODE ‘.I I'.
MEDIUM CAP —
cl-5
PIN CONNECTIONS
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A4-10 S— i
1!
29 19
&3 MIN L 35 MAX
EMAX
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~  GENERAL CONTROL CHARACTERISTICS
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GENERAL CONTROL CHARACTERISTICS
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amperex THYRATRON TYPE AX-105

The AX-105 is a four electrode, mercury vapor Thyratron with a negative control
characteristic. The tube is designed for relay and grid control rectifier appli-
cations.

GENERAL CHARACTERISTICS

Number of Electrodes . . . . . « « « « « « « « o e 4

ELECTRICAL

Continuous Intermitient
Service Service

Cathode—Indirectly heated:

Voltage . . . . . . - 5.0 5.5 5.0 volts
Current (approx.) . . . - 10.0 11.0 10.0 amps
Heating Time, typical . . . S 5 5 minutes
Peak Voltage Drop, typical . 16 16 16 volts
Approx. Control
Characteristics:
Anode voltage . . . . . 100 1000 100 1000 volts
Shield-grid voltage . . . 0 0 0 0 volts
Control-grid voltage . . . +1.0 —9.0 +1.0 —9.0 volts
Anode to control grid
capacitance (approx.) . . - 0.3 0.3 03 ppf
Ionization time (approx.) . . 10 10 10 psec.
Deionization time (approx.) . . 1000 1000 1000 isec.
MECHANICAL
Mounting Position . . . . . . . . o s e Vertical, base down

Net Weight (approx.) . . . . - .« - « = -« ° 19 ounces




AX-105

MAXIMUM RATINGS

Continuous Service

Max. peak anode voltage:

Inverse 2500

Forward 2500
Max. negative control-grid voltage:

Before conduction 1000

During conduction 10
Max. negative shield-grid voltage:

Before conduction 500

During conduction 10
Max. anode current:

Instantaneous, 25 cycles and above 40

Instantaneous, below 25 cycles 12.8

Average 6.4

Surge, for design only 400
Duration of surge current 0.1
Max. control-grid current:

Instantaneous 1.0

Average 0.25
Max. shield-grid current:

Instantaneous 2.0

Average 0.50
Max. time of averaging current 15
T limits, d d

mercury +401to 480

Recommended temperature,

condensed mercury 40

Intermittent Service |

750
750

1000
10

500
10

77

2.5
400

0.1

1.0
0.25

2.0
0.50

40

+30to 495

10,000 volts
10.000 volts

1000 volts
10 volts

500 volts
10 volts

16 amps
8.0 amps
4.0 amps
160 amps

0.1 sec.

1.0 amp
0.25 amp

2.0 amps
0.50 amps

15 sec.

-+25 to 450

degrees C

40°C

1
Interpolate linearly for values of anode current and temperature for operation at voltages between 2500 and 10,000 volts.

GENERAL APPLICATIONS

D-C  For use as battery charger, electronic switch. rectifier with variable or stabilized output volt-

age and for electronic D-C motor speed regulation.

A-C  For use as electronic switch and control of ignitron circuits; control of A-C motor speed and
light intensity of discharge lamps by 2 tubes in inverse parallel circuit; control of A-C power
by two tubes used as the load of a series transformer in the supply circuit.
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DC PLATE VOLTS
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During long periods of interrupted service, an approximate reduction of 60
to 80% in filament voltage is recommended instead of switching off the filament
entirely. In this way the filament heating time can be decreased according to the
dotted curve shown. Under higher peak anode current requirements, (i.e. 40 A.
and 77 A.) the filament heating time must be increased as shown in the solid
line curves.
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amperex THYRATRON TYee AX 255

The AX255 is a mercury vapor thyratron designed for controlled rectifier
applications. It is particularly suitable for heavy-duty motor control and A.C.
welder service,

In motor control applications, the tube can be operated up to 2500 volts
peak inverse, and at an average cathode current of 12.5 amperes. The corres-
ponding peak current under this condition is 80 amperes.

A particular feature of this tube is its extreme overload characteristic.
For 5 seconds in each 5 minutes, the tube may be overloaded up to cathode
currents of 160 amperes peak, 20 amperes average and 50 amperes RMS.

GENERAL CHARACTERISTICS

ELECTRICAL
Cathode indirectly heated
Heater Voltage 5.0 volts
Heater Current 16 amperes
Cathode Heating Time - minimum 5 minutes
Interelectrode Capacitances
Anode to Control Grid 8 uuf
Control Grid to Cathode 30 uuf
Deionization Time 1000 microseconds
Ionization Time 10 microseconds
Anode Voltage Drop 12 volts
Maximum Frequency 150 cps.
MECHANICAL
Cooling convection
Mounting Position vertical, base down
Overall Dimensions
Max. Tube Length 13 1/8 inches
Max, Base Width S 3/4 inches
Max., Diameter of Bulb 4 inches

Net Weight (approx.) 11b., 12 0z,



AX255

MAXIMUM RATINGS, Absolute Values
MOTOR CONTROL - CONTINUOUS OPERATION

Maximum Peak Anode Voltage

Inverse 2502 volts, max,

Forward 3 1500 volts, max.
Maximum Cathode Current

Peak ! 80 100 amperes

Average 1 12.5 10 amperes

RMS?! 30 amperes

Max, Averaging Time 15 seconds

Fault Current (Max. duration = 0.1 sec.) 1500 amps. max.
Maximum Negative Control - Grid Voltage

Before Conduction 300 volts max,

During Conduction 10 volts max.
Average Grid Current 0.25 amperes max.
Peak Grid Current min, 0.5 ma; max. 1.0 amperes
Grid Circuit Return Resistor max., 50; recommended 10 K ohm
Condensed Mercury Temperature 35° to 75°C
Recommended Mercury Temperature 60°C

A.C. WELDER CONTROL

Two Tubes in Inverse Parallel

Maximum Peak Anode Voltage

Inverse 750 volts

Forward 750 volts
Maximum Cathode Current

Duty Cycle 10 50 100 %

Peak 156 78 39 amperes

Average 5 12,5 12.5 amperes

RMS 110 55 27.5 amperes

Maximum Averaging Time 5 5 15 seconds

Fault Current (Maximum duration = 0.1 sec.) 1500 amperes
Maximum Negative Control - Grid Voltage

Before Conduction 300 volts

During Conduction 10 volts
Average Grid Current 0.25 amperes
Grid Circuit Return Resistor max. 50; recommended 10 K ohm
Condensed Mercury Temperature 40°C to 80°C
Recommended Mercury Temperature 60°C

For maximum 5 seconds in each 5 minute period, the tube may be overloaded up to
cathode currents of 160 amperes peak, 20 amperes average and 50 amperes RMS. Under
these conditions the condensed mercury temperature = 40° C minimum.
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AMPEREX THYRATRON TYPE AX-ZbU

o The AX260 is a mercury vapor thyratron designed for controlled rectifier
applications, It is particularly suitable for heavy-duty motor control and A.C.
welder service.

In motor control applications, the tube can be operated up to 2500 volts
peak inverse, and at an average cathode current of 25 amperes. The corres-
ponding peak current under this condition is 160 amperes.

A particular feature of this tube is its extreme overload characteristic.
For 5 seconds in each S minutes, the tube may be overloaded up to cathode
currents of 300 amperes peak, 40 amperes average and 100 amperes RMS.

GENERAL CHARACTERISTICS
ELECTRICAL
Cathode indirectly heated
Heater Voltage 5.0 volts
Heater Current bogey 25 amps; max. 27.5 amps
o Cathode Heating Time - minimum 10 minutes
Interel ectrode Capacitances
Anode to Control - Grid 15 uuf
Control=Grid to Cathode 60 uuf
Deionization Time 1000 microseconds
Ionization Time 10 microseconds
Anode Voltage Drop 10 volts
Maximum Frequency 150 cps.
MECHANICAL
Cooling * convection
Mounting Position vertical, base down
Overall Dimensions

Max. Tube Length . 16 inches

Max. Base Width 5 3/4 inches

Max. Diameter of Bulb 5 inches

Net Weight (approx.) 3 1/2 lbs.
1 Under normal operating conditions (heater voltage =5 volts, cathode current =25

amps.) the difference between the condensed mercury temperature and the ambient
temperature is approximately 35° to 40° C. When the ambient temperature is 35°C
or higher, it may be necessary to cool the tube with a low velocity air flow.



AX-260
MAXIMUM RATINGS, Absolute Values

MOTOR CONTROL, CONTINUOUS OPERATION

Maximum Peak Anode Voltage

Inverse 2500 volts max,

Forward 1500 volts max.
Maximum Cathode Current

Peak 2 160 200 amps

Average ? 25 20 amps

RMS 2 60 amps

Max. Averaging Time 15 sec.

Fault Current (Max. duration = 0.1 sec.)® 2500 amps max,
Maximum Negative Control - Grid Voltage

Before Conduction 300 volts max.

During Conduction 10 volts max,
Average Grid Current * 0.25 amps max.
Peak Grid Current min. 0.3 ma; max. 1.0 amps
Grid Circuit Return Resistor max. 20; recommen‘;‘led 10 g(ilohms
Condensed Mercury Temperature 35" to 75o C
Recommended Mercury Temperature 60" C

A.C. WELDER CONTROL

Two Tubes in Inverse Parallel

Maximum Peak Anode Voltage

Inverse 750 volts
Forward 750 volts
Maximum Cathode Current
Duty Cycle 10 50 100 %
Peak 285 156 78 amps
Average 9 25 25 amps
RMS 200 110 55 amps
Max, Averaging Time 5 5 15 seconds
Fault Current (Max. duration = 0.1 sec) 2500 amps
Max, Negative Control - Grid Voltage
Before Conduction 300 volts
During Conduction 10 volts
Average Grid Current * 0.25 amps
Grid Circuit Return Resistor max, 20; recomncl)ended 10 K ohm
Condensed Mercuty Temperature 40" C to 800 C
Recommended Mercury Temperature 60" C

2 For maximum 5 seconds in each 5 minutes period, the tube may be overloaded up to cathode
currents of 300 amps peak, 40 amps average and 100 amps RMS. Under these conditions the
condensed mercury temperature = 40° C minimum.

Anode fuse max, = 80 amps. Recommended = 60 amps,

4 In order to obtain low anode ignition voltages, a positive grid current of a least 3 ma is
necessary. The use of a fixed negative grid bias and a sharp grid pulse is recommended., The
bias voltage should be 30 to 50 volts d.c. for output voltages of 220-600 volts d.c. The grid
pulse voltage should be from 100 to 130 volts if a grid series resistor of 10 Kohms is used,
and the pulse transformer impedance is 10 Kohms, maximum.

If a sine wave is used for driving the grid, the voltage should be at least 60 volts RMS.
The impedance of the bias source should be low compared to the individual grid series im-
pedance. 2
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awperex ThvraTron Tyee 1701(5557/FG17

GENERAL CHARACTERISTICS

TRIODE THYRATRON

ELECTRICAL
Filament « « « « o« o « o« « o s« o « » o « o« o oxide coated
Woltage? ' WROGHGE SPTN INY sgEip VaYs © o 2.5 volts
e Current ol 854 e biel olls WOVETH Hailere o oo 5.0 amperes
Preheating Time . . & « o« ¢ o o o« o o o & 5 seconds
Peak Voltage DIOP « « o o o o s o o o o o o o 16 volts

Control Characteristics (approx.)
Anode Voltage . « « « « ¢ ¢« o o ¢ o« » » » 50 100 1000
Grid Voltage « o o ¢ « ¢ o o ¢ o o o o o @ 0 —2.2 —7.0

Anode to Grid Capacitance (8pproX.) « « « « o « 4 uuf
JIonization TIiMe « « o o s o s o o s o o o s o 10 microseconds
Deionization TIME « « o o o s o ¢ s o o o o 1000 microseconds
MECHANICAL
Overall Dimensions
Maximum Length . ¢« « « o ¢ ¢ o o ¢ o o = 6 5/8 inches
Maximum Diameter . « « o« o« o s o o o o o 2 7/16 inches

Mounting POSItion . « « « o s o o s o s o o o vertical, base down
Net weight (approXe) « o o o o o o o o o o s o 3 ounces

Shipping Weight (approx.) (one tube) « « + « « « 1 3/4 pounds



1701(5557/r(;17

MAXIMUM RATINGS
MAXIMUM PEAK ANODE VOLTAGE

Inverse . . 5 W e 5000 volts
Forward . . . . e e 2500 volts
MAXIMUM NEGATIVE GRID VOLTAGE
Before Conduction. . . e 500 volts
During Conduction . . . s 5 8 s o wom o 10 volts
MAXIMUM ANODE CURRENT
Instantaneous, above 25cycles . . . . . . . 2.0 amperes
Instantaneous, below 25 cycles s 8 0% 5 & & & 1.0 ampere
Average . . . 8 & & 5 % % 0.5 ampere
Surge, for desxgn only S 8N E @ s s & KBS 40 amperes
Duration of Surge Current . . . . . . . . 0.1 second
MAXIMUM GRID CURRENT
Instantaneous . . . SRR 0.25 ampere
Average . . @ & 8 & 0.05 ampere
Max. Time of Averugmg Current. . . . 15 seconds
Condensed Mercury Temperature Range . . .+4-40°to 4 80° cent.
Recommended Condensed Mercury Temperture . +40° cent.
fo—f—+}—s66: 005
} AVERAGE CONTROL CHARACTERISTICS

5002010 H ANOOE SHADED AREA SHOWS §
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AMPEREX THYRATRON TYPE  AX-2944

The AMPEREX thyratron type AX-5544 is a three electrode, Xenon filled tube
which allows reliable operation over a wide temperature range, It is interchange-
able in every respect with tubes of the same RETMA designation.

The AX-5544 is used in such applications as electronic control of the speed of
D.C. motors, regulation of current and voltage, counting and sorting devices
and electronic switching

Manufactured and designed to provide the optimum in efficient performance, re-
liability and ruggedness, this tube will satisfy the requirements of long life
under the most exacting operating conditions.

GENERAL CHARACTERISTICS

Cathode o« & olie o 4 o} d wehshd @ s'a & of o 's o o' Directly heated
Heater Voltage « ¢ o ¢ ¢ ¢ 4 o ¢ ¢ ¢ o o o o o ¢ o 2.5 volts
Heater Cutréit . |o 3 =i e g e Te s 7 o 5 o st d o 3 12 amps
Heating Time: @A) c=vl ecn e v e oo v o oo e ¢ ol e 1 minute
Arc Voltage DIop « v v o 4 o ¢ o o o o o o o o o o & 16 volts
Control Chatacteristic .0 « &' o % 4 <50 o o317, §8: neg./pos.
Deionization Time (Vg =—250 volts) . « o o o o o . . . 40 microsec,
(Vg:=— 12volts). . . . . . . . .. 400 microsec.

Max. Peak Anode Voltage
Inverse....................lSOOvolts
Forward . . . . ¢ vt v v et o v v v . . 1500 volts

Max. Negative Control-Grid Voltage
Before conduction « « v v « 4 4 4 4 4 4 o o 00 . 250 volts
During conduction + &« v v ¢ « o o 4 4 o o o o o 10 volts

Max. Anode Current
Instantaneous, 25 cycles andabove . ., . ., . . . . 40 amps
Average....................3.2amps

Max. Control-Grid Current
Instantaneous . . . . . . e 4 4 4 4 e 4 4 e . W 2.5 amps
Average....................0.2amps

Max. Averaging Time, All Currents . . o« o o o o o o 15 sec.
Ambient Temperature RAnge .+ « v & o o o o o o o o o —55%to +70°C
Recommended Temperature . . . o v« o« v o o « . . 200C

Max, Resistance Bet., Control-Grid & Cathode . . . . . 0.1 megohm
Net Weight (approx.) « « « o o « o o o o o o o o o o « 9Y oz.
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AMPLREX THYRATRON TYPE AK-2049

The AMPEREX thyratron type AX-5545 is a three electrode, Xenon filled tube
which allows reliable operation over a wide temperature range. It is interchange-
able in every respect with tubes of the same RETMA designation.

The AX-5545 is used in such applications as electronic control of the speed
of D.C. motors, regulation of current and voltage, counting and sorting devices
and electronic switching machines.

Manufactured and designed to provide the optimum in efficient performance, re-
liability and ruggedness, this tube will satisfy the requirements of long life
under the most exacting operating conditions.

GENERAL CHARACTERISTICS

Cathode . ofs.fo d ola blop ot ale 5 ais o o aks Directly heated
Heater Voltage ¢ « e'c o ¢ o o ¢ o o o o o o o oo o 2.5 volts
HeatérCurtent ': 3 o lwlhsi"efle 4 w,0 o ol i o wls 21 amps
Heating Time (M) < o 50T e o ¢ siea s o o 1o & 5157 1 minute
Arc Voltage DEOP—3— v oo s o0 5 ¢ & o d—te=n 16 volts
Control Characteristic «+ « « . « v « ¢ v v ¢« o « « « « neg./pos.
Deionization Time (Vg =—250 volts) . . . + « « &« « & 50 microsec.
(Vg =— 12volts) . . ¢« « « « « « « 500 microsec.

Max. Peak Anode Voltage
IDVEIBE o o o o o gyoln o o ol & o106 o & 0 & o 1500 volts
Forward ¢ ¢ ¢« ¢« ¢ o o ¢« o« ¢« o o« o ¢ s o o« s o o« 1500 volts

Max. Negative Control-Grid Voltage
Before Conduction . . o+ o « « « « o« o ¢« o « « « 250 volts
During Conduction « « « o« &« « o o o o o o o« ¢ & 10 volts

Max. Anode Current
Instantaneous, 25 cycles and above . . . . . . . . 80 amps
AVerage . « « ¢« « « s e s s o o o o s s s s o s 6.4amps

Max. Control-Grid Current
Instantaneous . . « « « « ¢ ¢ ¢ « « o s s o s « 2.5amps
AVerage « « « o o s s o o s o o s s s s s o s 0.2amps

Max. Averaging Time, All Currents . « « « « « o« o o & 15 sec.
Ambient Temperature Range . + « « « « « ¢ « « « « « —550t0 +700C
Recommended Temperature . o« « o « o o « o o o o o 200C

Max. Resistance Bet. Control-Grid & Cathode . . . . . 0.1 megohm
Net Weight (8DProX.) « « « « « o o o o o« o s o o« o oo 10% 0z
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AMPEKEX THYRATRON TYPE H%%Y

The AMPEREX 5559 is a mercury vapor triode with a negative control
characteristic. The cathode is indirectly heated. Even though a screen
grid is not present, the anode-to-grid capacitance has been kept low
(4uuf) so that there is little risk of influence from anode voltage surges

into the grid circuit.
The AMPEREX type 5559 is interchangeable with the following tube
types:

1257 WL 5559/57
WL631 GL 5559/FGs7'
MT-57

The AMPEREX 5559 requires relatively little grid power and is suitable
for application in relay circuits, control of D.C. motor speed, variable
and stabilized D.C. output rectifiers, and in automatically operated bat-
tery charges. In anti-parallel circuits the tube can also be used for con-
trolling and switching A.C. power. Other applications are:
Firing tube for ignitrons in resistance welding machines.
Stage lighting control

Register controls
Servo mechanisms

GENERAL CHARACTERISTICS

ELECTRICAL DATA

Cathode........................... indirectly heated
Voltage......................S.Oj'_s%volts
Current ¢ « « c.v 0 o6& *esceceseeses 4,5amps
Heating time (min.) . .o v v v v e v s v S minutes

Peak Voltage Drop (typical) v v v v v v v e w ... 16 volts

Approx, Control Characteristics

D.C. Anode Voltage . . ....... 60 100 1000 volts
D.C. Grid Volrage . ......... 0 —1.75 —6.5 volts

. - . - e - - -
Heating time on initial installation - approx. 30 minutes.




5559

Anode to grid capacitanCe . « o« o oo o o o 0o oo 4 uuf
[ONiZAtion tiMe o o o o o o s s o s oo o oo oo 10 microseconds
Deionization time .« « « « o o s oo o o s o e 0o 1000 microseconds
MECHANICAL

Mounting poSition .« « « ¢ e s o o o v oo base up or down
BASE ¢ o o o 06 0 000 s s s s s s s medium 4 pin with bayonner

Net weight (approX.) « « e o o o o0 o oo 5Y% ounces

Max. peak anode voltage
.

INVErS@ o s s s s s ssssssssssosassssaesesns 1500 volts

Forword s s cepsspseessasesssssssssescs 1000 volts
Maximum negative grid voltage

Before conduction s s s s s s s s sssessesess so o 500 volts

During conduction s s sssessssssssvssnsecses 10 volts

Maximum onode current

Peak (under 25 ¢/5) s ssssansassroosnsssennssanss 5 omps
Peak (25 c/s and above) c e s s s s es s e s nnn e 15 amps

Average (averoging time = max. 15 s€Cs) csesscsawesss 2.5 amps
Maximum grid current

Pcok........-.............-....-......-..I.O amp

Average (averaging time = max. 15 s€Ce) sscsssssssnsns 0.25 amp

External resistance between grid and cathode oo seseesssss 10,000 -50,000 ohms
Temperature limits, condensed mercury s s s o s s s s s s s s + 40 to T 750C

Recommended Temperature, condensed mercury s s s s o s e s e o + 45°C

* Max. 1000 volts for temperature range = +75 10 + 80°C

Notes
After a shutdown of the supply lasting less than 1 minute, full load can again be
applied to the tube immediately. For every additional 5 minutes of shutdown, 1

minute of pre-heating is necessary, until 5 minutes pre-heat is reached.
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AMPEREX THYRATRON TYPE AX-5/(Z(

The AX5727 is an inert-gas filled tetrode thyratron with negative con-
trol characteristics, It is a ruggedized version of the standard type 2D21 thyra-
tron and is designed to assure dependable life and reljable operation in relay
and servo-control applications under the most exacting conditions encountered
in mobile and aircraft equipment,

The tube features a high control ratio independent of temperature over
a wide range, low anode-to-grid capacitance and very low grid current.

The AX5727 heater-cathode construction has been designed to give
the tube a high degree of mechanical strength combined with high dependabil-
ity of electrical characteristics to withstand the vigorous requirements of
intermittent operation.

This tube will meet all electrical and mechanical tests prescribed in
the MIL specifications.

GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage 6.3 volts

Heater current 0.60 ampere —=—
Cathode heating time 10 seconds
Anode-to-control-grid capacitance 0.026 uuf

Control-grid to cathode and shield-grid capacitance 2.4 uuf
Deionization time, approximate '

Ebb = 125 volts d-c, Ib = 0.1 ampere d-c

Ecq =—100 volts d-c 35 microseconds
Ecy = —11 volts d-c 75 microseconds
Ionization time, approximate 0.5 microseconds
Anode voltage drop 8 volts
Critical grid current, Ebb = 460 volts rms 0.5 microamp

MECHANICAL DATA

Type of cooling air
Mounting position any
Net weight, maximum 0.3 ounce

MAXIMUM RATINGS (absolute values)
GRID CONTROLLER RECTIFIER SERVICE

Maximum peak anode voltage

Inverse 1300 volts

Forward 650 volts
Maximum cathode current

Peak 0.5 ampere

Average 0.1 ampere

Maximum averaging time 30 seconds

Fault, maximum duration 0.1 second 10 amperes

Revised 12/56
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AX-57121

Maximum negative control-grid voltage

Before conduction — 100 volts

During conduction — 10 volts
Maximum positive control-grid current

Average, (averaging time one cycle) 10 milliamperes
Maximum negative shield-grid voltage

Before conduction — 100 volts

During conduction — 10 volts
Maximum positive shield-grid current

Average, (averaging time one cycle) 10 milliamperes
Maximum heater-cathode voltage

Heater negative — 100 volts

lHeater positive + 25 wvolts
Maximum control-grid circuit resistance 0.1 megohm
Ambient temperature limits —75t0 t 90°C

PULSE-MODULATOR SERVICE:

Maximum Peak Anode voltage

Inverse 100 volts |

Forward 500 volts
Maximum cathode current

Peak 10 amperes

Average 0.01 ampere
Maximum negative control-grid voltage

Before conduction — 100 volts

During conduction —10 volts
Maximum positive control-grid current

Peak 20 milliamperes
Maximum negative shield-grid voltage

Before conduction —50 volts

During conduction —10 volts
Maximum positive shield-grid currend

Peak 20 milliamperes
Maximum pulse duration 5 microseconds
Maximum pulse recurrence rate 500 pulses per sec.
Maximum duty cycle 0.001
Maximum rate of change of cathode current 100 amperes per

microsecond

Maximum heater-cathode voltage 0 volt
Maximum shield-grid circuit resistance 25000 ohms
Minimum shield-grid circuit resistance 2000 ohms
Maximum control-grid circuit resistance 0.5 megohm
Ambient temperature limits —75t0 +90°C
Maximum impact acceleration in any direction 750 g.

After the completion of a pulse, a 20-microsecond delay is required before a positive

valtane of more than 10 volts is applied to the tube.
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CONTROL-GRID CURRENT MILLIAMPERES

AX-5121

AVERAGE GRID CHARACTERISTICS
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amperex THYRATRONS869/AGR-9950

The 5869/AGR-9950 is a three-electrode mercury-vapor rectifier with negative

~~. control characteristics, This tube is designed for grid-control rectifier applica-
tions of relatively high voltage and current. The cathode is directly heated, oxide-
coated.,

GENERAL CHARACTERISTICS
ELECTRICAL DATA

Filament Voltage ! 5.045% volts
Filament Current at 5,0 Volts avg. 6.5, max 7.5 amps
Filament Heating time
(before applying Plate Voltage) min. 60 seconds
Anode-to-control-grid capacitance 3 puf
Control-grid-to-cathode capacitance 8 puf
Deionization Time, approximately 250 pseconds
Ionization Time, approximately 10 puseconds
Typical Bias at 13,000 volts —100 volts
Typical Bias at 10,000 volts — 50 volts
Typical Grid Current (Average) 1 ma
Typical Grid Resistance 20,000 ohms
e Tube Voltage Drop (Output current = | amp) 13 volts
MECHANICAL DATA
Type of cooling - Convection
E quilibrium Condensed-Mercury Temperature Rise
At Full Load, approximately +25°C
At No Load, approximately +22°C
Mounting position Vertical with base down
Socket Johnson 123-211 or equal —e—ro
Net weight, approximately 8.5 ounces
1 In order to obtain maximum life from the tube it is recommended that a filament voltage
phase shift of 90° .‘t30° with respect to plate voltage be applied.
~ 2

The minimum heating time refers only to the filament. Sufficient additional time must

be allowed to permit the condensed mercury temperature limit to rise to the minimum s
condensed mercury temperature limit and to permit all the mercury to condense in the

lower part of the tube. Particular attention must be paid to tubes which have been in

storage for extended periods and tubes initially placed in service. Tubes which have

been stored or handled must be placed in a vertical base down position to allow time

for the mercury to become distributed in the tubes.

Revised 1/60 (Replaces old page no. 531) Rl



5869/AGR-9950

MAXIMUM RATINGS, ABSOLUTE VALUES

Maximum Peak Anode Voltage
Inverse i w5 om
Forward . .
Condensed Mercuty
Temperature Limits .
Maximum Plate Current
Peak .
Average (Averag’mg tune max. 10 sec. )
Surge, for design only .
(Maximum duration 0.1 second)
Maximum Negative Control-Grid Voltage
Before Conduction

Maximum Positive Control- Gnd Curtent
Average (Averaging time max. 10 sec.) .

Peak: ‘.t « &« & s = = &
Maximum Grid Resistance .
Frequency Range

Circuit
* Single-phase, fulllwave — 2 tubes
Three-phase, half wave — 3 tubes .

Three-phase, double-Y parallel — 6 tubes .

Four-phase, half-wave — 4 tubes .
Single-phase, full-wave — 4 tubes
Three-phase, full-wave — 6 tubes
Four-phase, full-wave — 8 tubes .

* Voltage across one half of transformer.

. 13,000
. 13,000

.+425°to +55°

-
10,000 volts
10,000 volts
+25°to--60°C
4.0 amp
1.0 amp
40 amp
300 volts
10 ma
50 ma
0.1 megohms a
25 — 150 cps g
Input D.C. Cutput
Voltage Voltage D.C. Cutpui
rms value to filler Current
kv kv amp
48 4.1 2
5.3 6.2 3
2x5.3 6.2 ]
48 5.8 4
9.2 8.3 2
9.2 124 3
8.2 11.7 4

(Replaces old page no. 532)
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5869/AGR-9950
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5869/AGR-9950
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Note: The band width illustrated in this curve includes the unavoidable variations in the
characteristics of a mercury thyratron. These include:
1. Shift due to ds d mercury P i within the rated range.
2. Shift caused by filament voltage variation
3. Differences from tube to tube due to manulacturing variances.
4. Shift due to aging effects within the guaranteed life period.
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5869/AGR-9950

TYPICAL GRID CHARAGTERISTIC
BEFORE GONDENSATION

Ep= 5.0 VOLTS

Ep = 0 TO 6000 VOLTS
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Notet The circuit returns are connected 10 the center tap of the filament transformer




5869/AGR-9950
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amperex THYRATRON 5870/AGR-9951

The Amperex 5870/AGR-9951 is a three-electrode mercury-vapor rectifier with nega-
tive control characteristics. This tube is designed for grid-control rectifier appli-
cations of relatively high voltage and current, The cathode is directly heated,

oxide-coated.

GENERAL CHARACTERISTICS

MECHANICAL

Type of cooling

Equilibrium condensed-mercury temperature rise

At full load (approx)
At no load (approx)
Mounting position

Accessories
Socket
Top cap
Plate cap

Net weight (approx)

ELECTRICAL

Filament
. 1
Filament voltage
Filament current at 5 volts

Filament heating time 2 (before applying

plate voltage)

Direct Interelectrode Capacitances

Plate to control grid

Control grid to cathode
Deionization time
Ionization time

Tube voltage drop (Output current = 2,5 amps)

convection
+15°C

+13°C
vertical, with base down

Johnson #124-215 or equal

$-25818 -
S-25819 ———
1-3/4 lbs.

oxide coated
5.0 volts
13.5 amps

90 seconds min

4 puf
13 puf

500 microseconds
10 microseconds
12 volts

NOTES

1 In order to obtain maximum life from the tube it is recommended that a filament voltage
phase shift of 90° * 30° with respect to plate voltage be applied.

2 The minimum heating time refers only to the filament. Sufficient additional time must be ———or
allowed to permit the condensed mercury temperature limit to rise to the minimum con-
densed mercury temperature limit and to permit all the mercury to condense in the lower
part of the tube. Particular attention must be paid to tubes which have been in storage
for extended periods and tubes initially placed in service. Tubes which have been
stored or handled must be placed in a vertical base down position to allow time for the
mercury to become distributed in the tube.

Revised 11/59 (Replaces old page no. 537) 1



5870/AGR-9951

Maximum Ratings, Absolute Values

Peak Inverse plate voltage (f = 150 c/s max)
Peak forward place voltage

27,000 volts max —
27,000 volts max

Peak plate current 10 amps max ~
Output current 2.5 amps max
Surge current, for design only
(maximum duration 0.1 second) 100 amps max
Negative control grid voltage (before conduction) 300 volts max
Control grid current (averaging time = 30 sec max) 25 mA max
Peak control grid current 125 mA max
Grid resistance 0.1 megohm max
Frequency range 25 - 150 cps
——— Temperature range
Peak inverse plate voltage (KV). 27 21 15 13 10
Condensed mercury temperature (OC)3 30-40 30-45 25-50 25-55 25-60
Ambient temperature (° C) 20-25 20-30 15-35 15-40 15-45
Maximum Operating Conditions
(Peak Inverse plate voltage = 27,000 volts)
Input D-C Output
Voltage Voltage D-C Output D-C Qutput
rms value To Filter Current Power ~
Circuit kV kV amp kW
Single-phase, full wave 2 tubes 9.5 8.6 5 43
Three-phase, half wave 3 tubes 11 12.9 7.5 97
Three-phase, double-Y
parallel 6 tubes 9.5 1142 15 168
Four-phase, half wave 4 tubes 9.5 12.1 10 121
Single-phase, full wave 4 tubes 19.1 17.2 5 86
Three-phase, full wave 6 tubes 19.1 25.8 7.5 194
Four-phase, full wave 8 tubes 19.1 24,3 10 243
Typical Operation
Negative grid voltage at 27,000 volts 100 volts
Negative grid voltage at 10,000 volts 50 volts
Grid current (average) 2 mA
Grid resistance 10,000 ohms
N

3 3 .
—_— If the equipment is started not more than twice daily, application of high voltage at a con-
densed mercury temperature 5°C less than the values mentioned is permitted.

#— 4 With natural cooling; approximate values

B2 (Replaces old page no. 538)
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5870/AGR-9951
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5870/AGR-9951
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Note’ The band width illustrated in this curve includes the unavoidable variations in the
characteristics of a mercury thyratron. These include:
L. Shift due to condensed mercury temperature variation within the rated range.
. Shift caused by filament voltage variation.
. Ditferences from tube to tube due to manufacturing variances
- Shift due to aging effects within the guaranteed life period.
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5870/AGR-9951

TYPICAL GRID CHARACTERISTIC
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Note: The circuit returns are connected to the center tap of the filament transformer.



5870/AGR-9951

TYPICAL GRID CHARACTERISTICS
DURING CONDUCTION
Ep= 5.0 VOLTS
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amperex THYRaTroN TYe D949/190

The 5949/1907 is an indirectly heated hydrogen thyratron especially designed for
use in pulse modulator circuits of microwave radar systems, The electrical mid-
point of the heater is connected to the cathode in order to minimize jitter, The
tube has a positive control characteristic and allows high peak currents at high
working voltages with a high pulse repetition rate. In pulse forming network dis-
charge service, it is capable of producing a pulse output power of more than

6 MW at an average power level of more than 6 KW.

PIN CONNECTIONS

I-HEATER CATHODE, HEATER RESERVOIR
2-CATHODE, HEATER CENTER TAP
3-GRID

4-HEATER RESERVOIR

5-HEATER

HK,HRES. H CAP — PLATE

“ RES. = RESERVOIR

GENERAL CHARACTERISTICS
MECHANICAL DATA

Dimensions see outline drawing
Envelope see outline drawing
Plate Cap % see outline drawing
Base medium shell, giant
5 pin bayonet

5 o s 2
Mounting Position any
Cooling? radiation

. o
Max Plate Terminal Temperature 200 C
Net Weight 20 ounces
4

ELECTRICAL DATA
Heater Voltage 6.3 + 5%

Heater Current 15 - 22 amperes

. 5
Reservoir Voltage 3 - 5,5 volts
Reservoir Current 2 = 5 amperes
Minimum Heating Time (cathode + reservoir) 15 minutes

1 The anode cap should be connected to its cable with a solder suitable for operation at
temperatures up to 200°C.

2 yertical position with base down is recommended.

3 Cooling of the anode lead may be accomplished by directing a stream of air on it. How-
ever, care should be exercised to avoid having this stream of air come into contact with
the glass envelope.

4 In order to prevent uncontrolled emission due to ionization of the hydrogen filling, the
tube should be kept away from strong fields.

5

The optimum value of reservoir voltage muat not vary more than 159, of the value stamped
on the base.

|l



5949/1907

MAXIMUM RATINGS, ABSOLUTE VALUES

Plate Supply Voltage 5000 volts min
Peak Plate Voltage ¢ 25,000 volts max
10,000 volts min

Peak Plate Inverse Voltage ’ 25,000 volts max

0.05 ep  min
Peak Plate Current 500 amps max
Average Plate Current 0.5 amps max
Peak Grid Voltage 8 1000 volts max

550 volts min
Peak Grid Inverse Voltage 8 450 volts max
Grid Circuit Impedance %8 S0 - 200 ohms
Grid Pulse Time ® 2 microseconds
Operating Factor 0 6.25 x 10
Rate of Plate Current Rise 2500 amps/microsecond max
Rate of Grid Voltage Rise 8 1800 volts/microsecond min
Plate Time Jitter 0.01 microsecond
Ambient Temperature —55°C to + 75°C

TYPICAL OPERATION
(Pulse Modulator)

Peak Plate Voltage 25,000 20,000 volts

Peak Plate Current 500 200 amps

Grid Pulse Time 2 1 microsecond

Grid Pulse Frequency 500 1200 c/s
WARNING

High voltage thyratrons emit X-rays which can be extremely harmful. The inten-
sity of these X-rays is maximum in a narrow beam emanating in a circle from the
grid-plate region. Adequate shielding should therefore be provided personnel
operating or testing these tubes.

6 Instantaneous starting is not recommended. However, if absolutely necessary, the max-

imum permissable peak anode voltage is 18 KV reached in 0.04 seconds minimum.

7 In pulse operation the peak plate inverse voltage should not exceed 5 KV during the
first 25 microseconds after pulse (except with a spike of max 0.05 microseconds duration).

8 Measured at socket with grid disconnected.
Impedance of grid drive.

10 Operating factor =eb (volts) x ib (amps) x grid pulse frequency (c/s).
(This relationship holds true for a repetition rate of up to 2000 pps).

m2



AMPEREX THYRATRON TYPE 6268

The Amperex 6268 is a three electrode, hydrogen filled thyratron with a self-con-

‘\»tained and self-regulating source of hydrogen. This tube has a positive control
characteristic and is designed for long-life pulse modulator applications, The life
€xpectancy of this tube is over 1000 hours, It is completely interchangeable in
every respect with the standard type 4C35 tube,

PIN CONNECTIONS

1~ GRID
2~ HEATER ,CATHODE

— 3~ HEATER
4~ CATHODE
TOP CAP - PLATE
GENERAL CHARACTERISTICS
MECHANICAL
Heating direct
Dimensions see outline drawing
Mounting Position any
Base Standard jumbo 4 pin
with bayonet (A4-18)
Cooling see note ]
Clamping see note 2
Weight (approx) 7 ounces
ELECTRICAL Min Boke .

Heater Voltage 5.8 6.3 6.6 volts
Heater Current (at 6.3 Volts) 5.5 6.1 6.7 amps
Cathode Heating Time Required 180 seconds
Tube Drop (egk) 150 volts
Trigger Voltage (source unloaded) 130 volts
Trigger Width (70%) 2.0 microseconds
D-C Plate Striking Voltage at 130

Volts Peak Trigger Voltage 1500 voles
Plate Delay Time (from 26% of

Trigger Pulse to Start of

Current Pulse) 0.6 microseconds
Plate Delay Time Drift 0.15 microseconds
Waiting Time 3 minutes

1 Cooling of the plate lead is permissible,

bulb.

2 Clamping is permissible at the base,

Revised 2/61

but there shall be no air blast directly on the
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6268

Maximum Ratings, Absolute Values

Supply Voltage

Peak Inverse Plate Voltage3
Peak Forward Plate Vcnltage4
Plate Current

Peak Plate Current

Operating Factor

Rate of rise of Cathode Current
Trigger Source Impedance
Trigger Rise Time (26%=70.7%)
Peak Inverse Grid Voltage
Peak Forward Grid Voltage
Pulse duration (at 50 Volts Min Amplitude)
Ambient Temperature Limits
Time Jitter N

NOTE

The tube should be kept away from stron
tube,

The return lead of the plat

g fields which could ionize the

2500 volts min
8000 volts max
8000 volts max
100 mA max
90 amps max
2.0 x 1:;8
1000 amps/microsec max
1500 ohms max
0.5 microsec max
200 volts max
175 volts min
2 microsec min
—55°C to + 90°C
0.02 microsec max

gas in the

e and grid circuits should be connected to pin 4.

TYPICAL MODULATOR CIRCUIT

PULSE FORMING NETWORK

the maximum permissible forward
than 0.04 seconds.

voltage is

In pulsed ope
maximum duration shall not ex
pulse.

ration, the peak inverse volta

ceed 2500 volt

Operating factor = the value of peak forward
plate current. The stated maximum value app
far in excess of 2800 pulses per second. For

«tApplications Engineering'’.
€ Measured at 3000 volts in typic
e A€ wiate time iitter is 0.004 micros

ge, exclusiv

al circuit, Under practical operating condit

For instantaneous starting applications where plate voltage is applied instantaneously,
7000 volts and shall not be attained in less

e of spike of 0.05 microsecond
s during the first 25 microseconds after the

voltage x the pulse repetition rate x peak
lies to pulse repetition rates which are not
considerably higher values consult Amperex

ions the aver-
econds.



AMPEREX THYRATRON TYPE 62179

The Amperex 6279 is a three electrode, hydrogen filled thyratron with a self-

contained and self-regulating source of hydrogen,? This tube has a positive con-
trol characteristic and is designed for long-life pulse modulator applications, The
life expectancy of this tube is over 1000 hours, It is completely interchangeable
in every respect with the standard type 5C22 tube,

2209
MAX. |
.866—1
.567 {__'492

PIN CONNECTIONS

I. GRID

2. HEATER, CATHODE

3. HEATER 8.071 8.740

4. CATHODE MAX  MAX

CAP~-ANODE

—
_ ¥
GENERAL CHARACTERISTICS
MECHANICAL
Dimensions see outline drawing
Mounting Position any
Base Standard Jumbo 4 pin
with Bayonet (A4-18)

Cooling See Note 2
Clamping See Note 3
Weight (approx) 9Y; ounces

1 The tube should be kept away from strong fields which could ionize the gas in the tube.

2 Cooling of the plate lead is permissible, but there shall be no air blast directly on the
bulb,

3 Clamping is permissible at the base and/or the bulb in the area up to 4 inches above
the top of the base only.

Revised 12/60 ul



6279

ELECTRICAL
Heater Voltage 6.3 volts + 7.5% -
Heater Current at 6.3 Volts 9.6 am