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Wesrerrn Llecirse 3014
301A Vacuum Tube

Classification—Full wave, thermionic, merc
The 301A vacuum tube is designed to supply direx

r ectifier
st Sszeehtfrom an alternating-current supply.

Dlmensions—The dimensions and outline diagrams are given in Figures 1 and 2. The overall di-
menSlOl’lS are:

Maximum length....... e 615"
Maximum diameter. . £ . ..o 245"

pin thrust type base suitable for use in a Western
Ysions and the arrangement of electrode connections to

The tube should be mounted in tical position with the base end down. There should be
a free circulation of aj# gy

@=ghe tube. No object should touch the glass bulb.

.................................... 5.0 volts
ommal ﬁlament CUITENT. ot v ie et en s eaeiianean . . 3.0 amperes
The fila v pube is designed to operate on a voltage basis from an alternating-current
supply. The véit gshouid be maintained to within 5% of its rated value (5.0 volts). Operation
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301A

of the filament at a voltage above the upper limit will definitely reduce the life of the tube while a
decrease in voltage below the lower limit may cause immediate failure.

Sufficient time must always be allowed for the filament temperature to reach its normal aperat-
ing value before the anode potential is applied. If filament circuits with good regulation are
used, this time is 30 seconds. If the tube is operated at ambient temperatures below 20° C., a
longer period of time is required for the purpose of bringing the mercury vapor pressure to a satis-
factory operating value. The minimum filament warming time as a function of ambient tempera-
ture is shown in figure 3.

For proper distribution of the mercury a period of 10 to 15 minutes filament warming time
should be allowed when the tube is used for the first time or if it has been reinserted in the apparatus
after having been removed.

Characteristics and Operating Conditions

Approximate anode-cathode potential drop.... . .. ............... ....10 volts
Maximum peak plate current.... ... ... ... L. e e ...1.0 ampere
Maximum peak potential between electrodes.......... e .. 1800 volts
Maximum operating ambient temperature range. . ...... e 0t 50°C
Recommended operating ambient temperature range. . . .. e ... ..10to 40° C

The anode-cathode potential drop is substantially independent of the plate current. The
exact value varies from tube to tube and during the life of a given tube. Within the specified
ambient temperature range and plate current range, it may vary from 3 to 25 volts.

The anode-cathode drop as a function of temperature is shown on fig. 4 for a typical 301A rube
after reaching temperature equilibrium and when passing the rated plate current.

The maximum permissible peak plate current (1.0 ampere) is a limitation on the instantaneous
value that the tube can carry safely in the direction in which it is designed to conduct and should
not be cxceeded. The maximum direct load current is not fixed but will depend upon the wave
form required by the load and filter circuit.

The maximum permissible peak potential between electrodes (1800 volts) is a limitation on
the instantaneous value that the tube can stand safely. If it is exceeded, an arc-back may result
which will injure the tube. The maximum direct potential available is not fixed but will depend

upon the type of circuit used.

301A vacuum tubes may be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode, may be used for this purpose. The size of the reactors or resistors depends upon the circuit
design.

In most cases the termination of the useful life of the 301A tube is due to the loss of filament
activity. This causes the tube to fail by arcing between the electrodes. Failures of this kind
should be safeguarded by proper fuse protection to prevent injury to other tubes in the circuit and
to the auxiliary equipment.

[2]



Typical Rectificr Circuits—The 301A vacuum tube may be used in any standard high vacuum
rectifier circuit subject to its current, voltage and temperature limitations. Typical circuits are
shown below. The approximate direct output current and voltage for each type of rectifier circuit
where tubes are operated at maximum permissible plate current and inverse voltage are given in
Table 1. The values listed are average values of the pulsating current and voltage for an

unfiltered circuit.
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Westery FElecrrre
308B Vacuum Tube

Classification—Filamentary alr-cooled triode

This tube was designed primarily for use as an audio-frequency amplifier or modulator; or as
a radio-frequency oscillator or amplifier.

Dimenslons—Dimensions and autline dizgrams are shown in Figures 1 and 2 and are:

Maximum overall length. . ............ ... ............... 13%4”
Maximum diameter. .. ..ooooviin oo e 334"

Copyright 1938 Western Electrie Company, Incorperated



308B

Mounting—Large four-pin bayonet base for use in a W. E. 1134 or similar socket, for either
vertical or horizontal mounting. If mounted horizontally the plane of the filament, which is
indicated in Figure 2, should be vertical.

Filament—Thoriated tungsten.

Fillament voltage...... ... ... .. .o i i 14 valts

Nominal filament current..... 6 amperes

Average thermionic emission 4 amperes
Approximate Direct Interelectrode Capacitances

Platetogride..vvieirinnnns DI | X 77791 3

Gridtaflament.......ooooitiiiiiiie e e .. 18.6 ppf.

Platetofilament............... ... .. ..., 9.8 puf.

Characteristics—Performance data given below are based upon a typical set of conditions.
Variations can be expected with different circuits and tubes,

Figures 8 and 4 give the static characteristics of a typical tube plotted against grid and plate
voltages.

Average Characteristics at 1500 volts direct plate potential and minus 150 volts grid bias,
I = ,187 ampere.

AmplAcation Factor. . ....vunivi ittt 8
Plate resistance 1070 ohms
Grid to plate tranconductance 7500 micromhos

Operation
Maximum Ratings

Max. direct plate voltage.............. .. .. 2250 volts
Max. direct plate current...... e 825 milliamperes
Max. plate dissipation.................. 250 watts
Max. direct grid cuerent. ... ...ooii e e 75 milliamperes
Max. r-f grid current....... e e e e . 6 amperes
Max. frequency for the above ratings. .. ............... ... 1.5 megacycles
Max. plate voltage for upper frequency limit of 4.5 Mc 750 valts

Max. plate voltage for frequencies between 1.5 and 4.5 Mc in proportion.

The above are maximum ratings which do not apply simultaneously but depend on the
type of service as specified below,

Class A Audio Amplifier or Modulator

Direct plate voltage.. ..vovvvrrrevririeanenienins 1500 1000 volts
Grid bias. ........ s Lees =155 —80 volts
Direct plate corrent......oo.oooivennin. - 135 210 milliamperes
Plate dissipation......c..ooiiiniiiiiniinianens 200 210 watts
Load impedance, . ..., RPN 13000 3000 ochms
Undistorted output. . ... 50 85 watts
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Class B Audio Amplifier or Modulator—for Balanced 2 Tube Circuit

Direct plate voltage..............oovs ooin o 1760 1500 volts
Grid bias............ooo0l e e —215 —180 volts
Direct plate current per tube
Nodrive. ... ... 30 25 milliamperes
Max.drive. ... Veeeoas 300 300 milliamperes
Plate dissipation............ 240 210 watts
Load resistance plate-to-plate . 5200 4280 ohms
Load resistance per tube........ ....... ... 1300 1070 ohms
Approximate maximum output........ .. c... BT 475 watts
Recommended power for driving stage 35 85 watts
Class B Radio-Frequency Amplifier
Direct plate voltage. . ............. ..o Ll 1750 1500 veits
Direct plate current.. ...... ......... R 1 260 milliamperes
Plate dissipation 250 watts
Grid bias.. voovvniiiiiiiis e —200 volts
Approx. carrier watts for use with 100% modulation 126 126 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmeodulated
Direct plate voltage 1500 volts
Direct plate current 300 milliamperes
Grid bias. ..o v v veee i —345 to —460 —300 to —400 _volts
Nominal power cutput.........vcooveeniovrien.es 380 300 watts

Class C Radio=Frequency Amplifier—~Plate Modulated

Direct plate voltage. ... ..ot i aas 1000 volts
Direct plate current....... 300 milliamperes
Grid bias. ..........oon. e — 260 volts
Max. direct grid current 75 milliamperes
Nominal carrier power output for use with 100%,

modulation. ........ooviii i 250 200 watts

Operating Precautions

Mechanical—Figures 1 and 2 show the overell dimensions and basing arrangement for the
tube.

‘The tubes should not be subjected to mechanical shock or excessive vibration. Mechanical
vibration may cause breakage of the thoriated tungsten filaments.

A free circulation of air must be provided to insure adequate cooling of the glass during operation.

Electrical—Overload protection should always be provided for the plate circuit. A suitable
fuse or circuit breaker should remove the plate voltage if the plate current exceeds 425 milliamperes.
Although the tube is sufficiently rugged to withstand momentary overloads, a prolonged overload
caused by inefficient adjustment of the circuit, may damage the tube. When adjusting a new
circuit, reduced plate voltage or a series resistance of 1000 to 5000 ohms in the plate circuit should
be used until it is operating properly.

(8]
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The filament should always be operated at the rated voltage, measured at the tube terminals,
A 5% decrease m filament voltage reduces the thermionic emission approximately 26%. Either
ditect ot alternating current may be used for heating the flament. If direct current is used, the
plate and grid cireuit returns should be connected to the negative filament terminal. If alternating
current is used, the circuit returns should be connected to the center tap of the filtament heating
transformer winding or to the center tap of a resistor placed between the filament terminals.
A resistance of 30 to 40 ohms of ten watt rating is suitable.

In cases where severe and prolonged overload has temporarily impaired the electronic emission
of the filament, the activity may be restored by operating the filament, with the plate and grid
voltages off, 30%; above normal voltage for 10 minutes followed by a longer period at normal voltage.

Audio Amplifter or Modulator
Class A=~Peak grid drive equal to or less than the grid bias.

Grid bias may be obtained from the drop across a resistance in the plate current return
or from a battery or rectifier supply.

Plate dissipation allowable for this type of service is generally lower than is safe for other
uses since the energy is dissipated in the plate in smaller ateas due to relatively high voltage
drop in the tube.

The plate dissipation is equal to the plate voltage multiplied by the normal plate current.
Performance data are based upon the use of a resistance load. Undistorted output is calculated
on the basis of 5% second harmenic distortion.

Class B—Grid bias practically at cut-off and grid driving voltage higher than the bias.

Two tubes may be used in a balanced circuit. An adequate driving stage and an input
transformet with good regulation must be used so that the grid current drawn during positive
grid swings does not produce appreciable distortion. The output transformer must transform
the load impedance to the proper value for the tubes used. The power output obtainable will
be determined by the quality of the transformer used and the amount of distortion which can
be tolcrated. The grid bias must be held constant and therefore cannot be obtained by grid
leak or series tesistor methods. A battery or ather source having good regulation is necassary.

The power required of a modulator for complete modulation of a Class C amplifier is
one-half the direct power input to the plates of the Class C amplifier.

Radio-Frequency Oscillator or Power Amplifler
Class B~~Radio-Frequency Amplifier.

The Class B radio-frequency amplifier is used to amplify a modulated radio-frequency
carrier wave without appreciable distortion. It operates similarly to the Class B audio
amplifier except that a single tube may be used, the tuned output circuit serving to preserve
the wave shape. The push-pull circuit, however, eliminates the even order harmonics and
thus increases the efficiency slightly.

Class C—Grid bias below cutoff.

Unmodulated
This type of operation is suitable for telegraphy, or the production of a continuous flow
of radio-frequency power for purposes other than communication.

[4]
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Plate Modulated

This type of operation is for use when the modulating voltage is superimposed on the
plate supply voltage and to obtain good quality the cutput power should vary as the square of
the plate voltage. For complete or 1009 modulation, the plate voltage varies from zero to twice
the applied direct value during a cycle of the audio frequency. With no meduladon applied,
the plate voltage is, of course, the direct value and the catrier power output is one-foutth of
the peak power output under 100% modulation. In this case, since the plate voltage varies
with modulation, the direct value must be rated lower than for other types of operation.

High Frequency Batings

The frequency limits specified under maximum ratings are based on the tube being used as
an oscillator, The tube may be used at full rating up to 1.5 megacycles. When operating at higher
frequencies, the dielectric losses, charging cutrents and lead-in heating are increased greatiy.
The plate voltage and hence plate dissipation must be reduced to values specified for the upper

frequency limit and for frequencies between these two limits the plate voltage should be propor-
tionately reduced.
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PLATE VOLTAGE
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BELL SYSTEM PRACTICES ABLG.3104
Transmission Engineering and Data Issue 2, Februery 1956
Electron Tube Data A.T.&T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 310A ELECTRON TUBE

310A

DESCRIPTION

The 310A is an indirectly heated cathode type pentode having e separate
suppressor grid connection., It is intended for use in gudio, carrier and radio-~
frequency voltage amplifiers, oscillators or modulators.

CHARACTERISTICS

Heater Voltage « ... « « ¢ o v v v v v v v v 0 v 4 *¥9.0 10.0 volts

Plate Current . f B, = 180 volts; Egp = 135 volts; 5.1 5.5 milliamperes
Transconductance \ E,1 = -3 volts; Ec3 = 0 1760 1820 micromhos

*Qperation with the heater at 9.0 volts is permissible
only when such voltage is regulsted to * 1.0% or better.

File: General Purpose Section
Issue 3, 2-56

3I0A
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GENERAL CEARACTERISTICS

ELECTRICAL DATA )
Heater Voltage . + « « v & o 4 v = s 4 s & 4 o 9.0 10.0 volts
heeter Current . . . . s e e e e 300 320 milliamperes
Direci Interelectrode Cana.c:.tar.ces . s e wlthout with
external external shield
shield (RETHA #311)
Grid to Plate (maximum) . ... . 0.016 ¥0.010 ppf
Input: gl to (h+tk+g2+g3+i.s.). . . 6.0 *7.0 uuf
OQutput: p to (h+k+g2+g3+i.5.). . . 13 *¥13 puf
MECHANTCAL DATA
Cathode o & v 4« ¢ v v 4 6 v v o v e 4 o s e e e e e s Coated unipotential
BESE « « 4 v s v o 4 4 e s h e e e e e e e e e e Srell 6-pin
Mounting Position . . . . T Any

Dimensions and pin counectlons shovm in outline drawings on page 5

MAXTMUM RATTNGS, Design-Center Values

Plate Voltage + + ¢ ¢ ¢ ¢ o o v o 4 4 v ¢« 2 s & o o 2 & s 250 volts
Sereen Grid Volta8EE « « v o « « = o « o & o « & o« & & = 2 » 180 volss
Plate DiBSipQLION « « « « o ¢ o ¢ o o o o o » v 4 0 4 4w s 2.0 wetts
Screen Grid Dissipation o o « 4 o o o » o o s o+ 4 0 2 o4 0 . 0.4 watt
Cathode Current . ¢ . + ¢ ¢ o = o 5 s o s + & 4 4 s s s 8 s 10 milliamperes
Heater-Cathode VOLLEEE + « « & o o o o o s & 2 + » » & & = 150 volts

TYPICAL OPFRATING CONDITIONS AKD CHARACTERISTICES

Heeter VOltage + « « v o v ¢ ¢ & o = 4 o o 10.0 10.0 10.0 volts
Plete Voltage . « . « « v « ¢ & o ¢ + o « 135 180 250 volts
Screen Grid Voltage . « &+ + ¢ « & & & & = 135 135 135 volts
Control Grid Voltage + « + « + & « s « = « -3 -3 -3 volts
Surcressor Grid Volta.ge f e e e e s 0 0 0 volts
Plate Current . « « ¢ s+ v o o 4 b 4o s 5.40 5450 5.60 milliawperes
Sereen Grid Current . .+ .« 4 s 4 4 s o4 e 1.20 1.18 1,17 miliiamperes
Pepk A-F Signal Voltage . . . . . « « + 3.00 1.50 2.10 volts
Plate Registance . . + ¢« &« « ¢ o & &+ « « o Q.75 0.90 1.15 megohms
Trensconductance « « « « ¢ o « o o s 4 4 . 18¢0 1820 1840 micromhos
Load Resistance . . « « & o ¢ & « o o & = 20000 100000 1G0000 ohms
Power Output .. e e e e e e e 250 150 310 milNiwatts
Total Harmonic Dlstortlon .. e e 8.5 6 6 per cent
Control Grid Voltage, Approxn.:ntte , ior

:0 Microamperes Plate Current . . . . -0.5 -0.5 -9.5 volts

*With externel shield (REMMA #311) connected to cathode pin.
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3104 - Page b

PLATE CURRENT IN MILLI1AMPERES

PLATE RESISTANCE

PLATE CURRENT IN MILLIAMPERES

E¢= [0 VOLTS T T
Ecp:135 VOLTS Ec,?0 VOLTS —]
i2 Ecg=0 VOLTS
1
10 —
. 1
o {
L~ -2
6 =37
]
s |
o1 |.'~
-5
2 i
-6
o |
0O 40 80 120 160 200 240 280
PLATE VOLAGE
4 E¢=10 VOLTS
Ec,1 35 VOLTS
3 Ec3*0 VOLTS
@ Ec >-6 VOLTS
z -
@2
) “ b refer—t -5
g, //.—__..-—- ______...—;‘:33_
o | l
O 40 80 120 160 200 240 280
PLATE VOLTAGE
6
EeqtO VOLTS|
bty
|17 —
) ~-10
y I( ot LT
-20, P
) {l LA~ 30 41
.
, =40
WL LA T 1A //
2 / Ef=10 VOLTS
/ 7 EcFI135 VOLTS ——
| Ec)=-3 VOLTS 4+
/ / ]
/T [ 1 ]I
0 40 80 120 160 200 240 260

PLATE VCLTAGE

TRANSCONDUCTANCE (N MICROMHOS

5
E¢= 10 VOLTS
E¢2=I35 voLTs T
. a Ecq 0 vomls ——
g TN |
3
3 ‘é‘ N Ec,=0 VOLTS
o |
g3, s 5
3 -
E ; a 2
S 1 -3
(7] N -g
o -6
40 80 (20 160 200 240 280
PLATE VOLTAGE
2400 —
Ec,=0vOLTs | ] L__
-—‘—‘ 2
2000, =2
] -3 |
| oot
1600/ — —4
—5_
1200f—p= ]l
sool 1 °
Ef 10 VOLTS
Ecp® 135 VOLTS
400 Ec,Q,VOLTS
o l
© 40 BO 120 160 200 240 280
PLATE VOLTAGE
5
Eg 10 VOLTS
Eca=!35 VOLTS —
Y = Ecy-3voLTS _|
z
w o \\ \\
- p Ecy-90VOLTS T
3¢ P
03 N IN]-30
54 2 N\ 20 INLE LT
& 3 L\ =l0 \\ [t
oz RS - ==
Qo ]
2]
o
40 80 120 160 200 240 280

PLATE VOLTAGE



Page 5 - 310A

PLATE RESISTANCE IN MEGOHMS

= €= 10 VOLTS ' 2 Ec30 VOLTS |
=[35 T =10
2 EECZ 3:‘:;_735 Ec=0 VOLTS g 1600 e 1 11 -20
X =- — Eca® T j—1-30
] 3/. | 5 P [~ ’1/ 1
! =
-40
oe ] - 10 Z 1200 / // < v 1 =
1 | W ,/ V.
> /
oa ] alo— g 800} A )4 va
LA LT 1 g / / p
ol —4-30 2 Y 4
o et | et ~40 g ao0 A y.
o 80 120 160 200 240 280 g / A / E‘: Jgvars 1|
PLATE VOLTAGE E . VIV 7 el avoLTs

2000

0 40 80 120 160 200 240 280
PLATE VOLTAGE

"
o1 2 MAX. —
L)
12 max,
CONTROL GRID
{cl-1 caP)
51# (
i€
L sTI2
9" BULB
43—2MAX
29"
4 max.

AB-7 SMALL SHELL
6 PIN BASE

SUPPRESSOR GRID &
SCREEN GRID INTERNAL SHIELD

CATHODE



BELL SYSTEM PRACTICES ABA6, 310B
Transmission Engineering and Data Issue 2, February 1956
Electron Tube Data A.T.&T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 310B ELECTRON TUBE

310B

DESCRIPTION

The 310B is an indirectly heated cathode type pentode having a separate
suppressor grid connection. It is intended for use in sudio, cerrier end radio-
frequency voltage amplifiers, oscillators or modulators. This tube, except for
having special design features to minimize microphonic noise end hum and heving
an appreciably lower maximum hester-cathode voltage rating, is identical to the
3104.
CHARACTERTSTICS
Heater Voltage « + v v v ¢ v v« v 4 v w4 o o o o s o o s o 10.0 volta
Plate Current . . . Ey = 180 volts; Eep = 135 volts;y . . 5.5 milliamperes
Transconductance . . \ Es.) = -3 volts; Ee¢3 =0 4) .. 1820 micromhos

File: Ceneral Purpose Section
Issue 3, 2-56

310B
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GENZRAT, CHARACTZRTISTICS

SLECTRICAT, DATA

Heater Voltage . . . . . . . . .
Heater Current “ e e e u e

Direct Tnuere-ectrcrle Caracitances . .

Grid to Piate (maximum)

Input: gl to (h+k+g2+g3+i.s).
Output: p to (h+k+g2+g3+i.s).

MECHANTCAL DATA

Cathode + o + = & v & ¢ v v o o .
Buib . ¢ . . o v b e s e e
BASE ¢ ¢ 4 v e e e i e v s e
Mounting Pesition . . . . . .

Dimensions ané pin connections shown in

MAXTMUM RATINGS, Design-Center Values

Plate Veltage . . . . . . .

Sereen Grid Veltage . » . .

Plate Dissipation « » &+ & & & & . .
Screen Grid Dissipation . . . .

Cathode Current « h e e s e s
Feater-Cathcde Voltage . . . . . .

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

Plate Voltage . . . - + « &+ & & . .
Screen Grid Voltzge c e
Contrel Grid Voltage . . . . . .
Suppressor Grid Vcltage .

Plate Current . e e e e e e e
Screen Grid Current . . . . . . . .
reek A-F Signal Volts.ge P e e e
Plete Resistance . . e e e e .
Transconductance , , . . . . .,
Load Resistance

Power Jutput PO [P
Total Harmonic Distorvion . . . .

Control Gria Voltege, Approx_ma.uc, for
Plate Curreant of 10 Microamperes .

*Withk external shield (RETMA #311) connected to cathode

voe s s e e s e e e 10.0 volts
. e s e e e . 320 milliamperes
. « « without with
external external shield
shield (RETMA #311)
.. 0.016 *#0.010 ppf
. 6.0 *7.0 ppf
. 13 *13 puf
. . Coated univotential
. e . ST12
- . Small, 6-pin
outli_ne drawings on Page 5
e e . . 250 volts
e e . .. 180 volts
.. . e e 2.0 watts
. e . 0.4 watt
.. 10 millismperes
30 volts
. 135 180 250 volts
. 135 135 135 volts
. -3 -3 -3 volts
. 0 6] 0 volts
. 5.40 5.50 5.60 milliemperes
. 1.20 1.18 1.17 milliamperes
. 3.00 1.50 2,30 volts
0.75 0.90 1.15 megolms
18¢0 1820 1840 micromhos
. 20000 100000 10000C ohrs
250 150 310 milliwatts
3.5 6 6 per cent
. -9.5% -9.5 -9.5 volts

rin.
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14
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BELL SYSTEM FRACTICES SECTION AB46.311A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, DECEMBER 1948
ELECTRON TUBE DATA A.T&T. CO. STANDARD

PENTODE »
Weslern Eleclric
DESCRIPTION
The 311A is a suppressor grid power pentode having an indirectly heated cathode.
. It is designed for use as an audio, carrier or radio-frequency amplifier.
CHARACTERISTICS
Heater Voltage . e 10.0 volts
Plate Current E = 135 vol : 33 milliamperes
. Transconductance Eh - IS%SVO lts’ E — 5 vol 2900 micromhos
Power Output 2 = 135 voles; Bo = — 15 volus 2.5 watts
ELECTRON TUBE DATA SHEET 311A

FILE: GENERAL PURPOSE SECTION
5-48
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GEINERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage, A-C or D-C
Heater Current
Direct Interelectrode Capacitances

Grid to Plate
Input
Ourput

MECHANICAL DATA

Cathode

Bulb

Base

Mounting Position

10.0 volts
) 0.64 ampere
without with
external shield external shield
(RMA 3311)
0.32 0.09 uuf
8.0 9.5 uuf
8.5 10.4 uuf

Coated unipotential

Dimensions and pin connections shown in outline drawing on Pag2 6

MAXIMUM RATINGS, Design-Center Values

Plate Voltage

Screen Grid Volrage
Plate Dissipation

Screen Grid Dissipation
Cathode Current
Heater-Cathode Voliage

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

SINGLE TUBE AMPLIFIER—CLASS A,

Plate Voltage

Screen Grid Voltage

Control Grid Voliage

Peak A-F Grid Voltage

Zero Signal Plate Current
Maximum Signal Plate Current
Zero Signal Screen Grid Current

Maximum Signal Screen Grid Current

Transconductance

Plate Resistance

Load Resistance .
Maximum Signal Power Quiput
Total Harmonic Distortion

ST12
Small, 5-pin
Any
180 volts
150 volis
8 warts
2 wartts
60 milliamperes
150 volts
135 180 volts
135 135 volts
—15 —15 volts
15 15 volts
33 34 milliamperes
36 38 milliamperes
6.5 6.0 milliamperes

11.0 10.0 milliamperes
2900 3000 micromhos
40000 47000 ohms
3500 4000 ohms
2.0 2.8 watts
9.0 10.5 per cent
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BELI, SYSTEM PRACTICES ABt6.311B
Transmission Engineering and Data Issue 1, 10-60
Electron Tube Data A.T. & T, Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 3IIB8 ELECTRON TUBE

311B

DESCRIPTION

The 311B is a suppressor grid power pentode having an indirectly heated
cathode. It is designed for use as an audio, carrier or radio-frequency amplifier.

CHARACTERISTICS

Heater Voltage « ¢ o « ¢ ¢« 4 o o o ¢« o o o ¢ o o« s o @ 9.0 10,0 volts

Plate Current « ¢ « » “ e e 0 milliamperes
& ' Eb =5 5 = 135 volts 3 33 e

Transconductance . . . € e « o . 2800 2900 micromhos

Power QUtput « o » o . \ g1 = ~10 volts e e e 2.5 2.5 watts

File: General Purpose Section
Data Sheet Issue 1, 10~60

© Averican Telephone end Telegraph Conpany 1960 3 l l B
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SuhmPal THARACTERISTICS

E_ecirica’ Data

Fea-er
Hezter
Direct

Current . . . .

rlechanical Data

Catrncdes « o o o & o W
BulD 4 6 o o 6 a4 o &
385€ ¢ 4 s s s 4 e e .
Mounting Position. . o
Dimensions snd pin

connections

“nterelectrode Capacitances

Voltage, A-C or D-C (Note 1).

shown

.

9.0

0.60
without
external shield

. . 0.32
L] 8-0
.. 8.

10,0 volts
0.6l ampere
with
external shield
(RMA #311)

0.09 ppf
9.5 put
10k ppf

Coated unipotential
ST12

Small, 5 pin

Any

in outline drawing on Page L

Mexirim Ratings, Absclute System (Note 2)

P.zte Voltage. . .
Screen grid Voltage.
Plate Dissipaticn. . .

Screen Grid Dissipation.

Cathode Current. . . .
Heater-Cathode Vcltage

TYPICAL CPERATING CONDITIONS AND

CHARACTERISTICS

Note.l: For optimum tube life,

Note 2:

Single Tuve Amplifier -

Class

Heater ""oltage . . .

Flete Yoltage . . . .
Screen Grid Voltage .
Control 3rid Voltage .
Pegk A-F Grid Voltage.

-

Zero Signel Flagte Current.

Meximum Signal Plate Current
Zero Signal Screen Grid Current.
Meximum Signal Screen Grid Current

Trensconductance . , .
Flste Resistgnce . . .
Lord Resistance . . .

Meximum Signal Power Output.

Tots1 Hsrmonic Distortion.

a

However, when 9 volts is

In the "Absolute System"

9.0
135
135
-15
15
30
33
6.3

11,5
2800
k5000
3500

2.0

10.0

hester voltage of 9 volts is recommended.
used, it must be regulsted to % 1%.

10.0 10,0

135 180
135 135
=15 ~15
15 15
33 3k
36 38
6.5 6.0
11.0 10.0
2900 3000
Loooo %7000
3500 Looo
2.0 2.8
9.0 10.5

200
150
9.0
1.8

60
150

volts
volts
walts
watts
milliamperes
volts

volts

volts

volts

volts

volts
millismperes
milliamperes
milliemperes
millismperes
micromhos
ohms

ohms

watts

per cent

the maximum ratings specified are limiting
values above which the serviceability of the deviece may be impaired
from the viewpoint of life and satisfactory performance.
ratings, as such, do not constitute a set of operating conditioms
and all values may not, therefore, be attained simultaneously.

Maximum
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PLATE CURRENT IN MILLIAMPERES

TYPICAL CHARACTERISTIC CURVES

These curves are representative of the characteristics of typical tubes when
9.0 volts are applied to the heater. However, these characteristics do not
differ significantly when 10.0 volts are avrlied to the heater.
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BELL SYSTEM PRACTICES SECTION AB46.595
Transmission Engineering and Data Issue 1, September 1936
Vacuum Tube Data AT & T Co Standard

Wesrera Lloctrse

313A Yacuum Tube

3
¢
i
H
]
1

Classifieation—Double gap, cold cathode, gas-filled tube for use as a relay, rectifier or voltage
regulator in special circuits.

The elements of the 313A tube consist of two similar control electrodes and one anode. The
conduction path between the control electrodes is known as the control gap. The conduction path
between either control electrode and the anode is known as the main gap.

The glass bulb has been given an opaque coating so that the discharge is not visible while the
tube is operating. In the photograph at the right the coating has been removed to show the tube
elements.

Dimensions—The dimensions and outline diagrams are given in Figs. 1 and 2. The overall
dimensions are:

Maximum length.. ... .. .. o e e 3134
Maximum diamcter . . . . . e oL 134

Mounting—The 313A vacuum tube employs a standard four-pin thrust base suitable for use in
a Western Electric 143B or similar socket. The arrangement of electrode connections to the base
terminals is shown in Fig. 2.

It may be mounted 1n either a vertical or horizontal position.

Ratings
Maximum peak control-electrode current. . ... e e 30 milliamperes
Maximum average control-efectrode current (averaged over
lsecond).. ... .. L. L .. 10 milliamperes
Maximum peak reverse current in maingap.. .. .. .... . 5 milliamperes

Copynight 1936 Western Electric Company, Incorporated

313A



313A

Characteristics
Nominal control gap breakdown voltage . . . ~... . 70 volts
Nom:nal control gap sustaining voltage .. ... . . . . 60 volts
Nominal main gap breakdown voltage. . R . 175 volts
Nominal main gap sustaining voltage. . . . . .. T3 volts
Transfer current e . .. .. ... . .. ... b5 microamperes (max.)
Nominal deionization time
Maingap .. ... . . . ... .. . . . .. . 10 milliseconds
Control gap.. .. . e 3 milliseconds

The “maximum peak control-electrode current” is the maximum value of current which may
be drawn from either control electrode when it is acting as a cathode.

The “maximum average control-electrode current” is the maximum value of current (averaged
over 1 second which may be drawn from either control electrode when it is acting as a cathode,

The “maximum peak reverse current in the main gap” is the maximum value of current which
may be drawn from the anode in the reverse direction, that is when it is acting as a cathode. The
reverse current rating is intended for use in designing rectifier circuits and is the maximum inverse
current which 1t 1s permissible to draw from the tube in such circuits.

The “control gap breakdown voltage™ is the potential required to initiate ionization, thereby
starting conduction in the control gap, Once ionization has occurred the potential across the gap
will be reduced to the ““control gap sustaining voltage” and will be approximately independent
of the current. It is this property of the tube which enables it to be used as a voltage regulator.

The “main gap breakdown voltage™ is the potential required to start conduction in the main
gap when no ionization is occurring in the control gap. After breakdown, conduction will take
place at the “main gap sustaining voltage” and will be practically independent of current.

The *“main gap sustaining voltage” is substantially independent of current when the current
passes through the tube in the forward direction. When the current passes through the main gap
in the reverse direction the sustaining voltage increases rapidly with increasing current. It is this
asymmetry in the properties of the main gap of the 313A tube which enable it to be used as a
rectifier. The current voltage characteristics of the main gap of a tvpical 313A tube in both forward
and reverse directions as shown in Fig. 3. This curve was obtained with a cathode ray oscillograph.

When the anode potential is maintained at a value intermediate between the “main gap break-
down and sustaining voltages” the passage of a small amount of current in the control gap will
produce ionization sufficient to initiate conduction in the main gap. It is this property of the tube
which enables it to be used as a relay. The amount of current in the control gap required to initiate
conduetion in the main gap is known as the transfer current. This quantity varies considerably
from tube to tube and during the life of a given rube but will in general be less than 5 microamperes
and usually only a few tenths of a microampere.

The deionization time is the time during which the voltage must be removed from the tube in
order that the discharge shall not be reestablished when the voltage is restored. This time increases
with increasing applied voltage and with increasing current through the tube before the deioniza-
tion period. This rate of increase of deionization time is such that the tube will not deionize with
a 60 cvcle sine wave main gap voltage if the load is inductive or if the peak voltage 1s near the
main gap breakdown voltage or the current near the maximum rated value.

The “transfer time” is the time during which the control gap must be energized in order that
the discharge may transfer to the main gap. It depends upon the amount of current flowing in
the control gap and on the main gap voltage. For a control gap current of 10 microamperes the
“transfer time” is approximately 200 microseconds.

[2]



Typical Circuits

Circuit A shows a circuit using the control gap of the 313A as a voltage regulator,

Circuit B shows a circuit using the 313A as a relay. The anode voltage should be intermediate
between the main gap breakdown and sustaining voltages and the control anode may be biased
at any desired potential less than the control gap sustaining voltage. The resistance R, in the
control anode circuit should be of the order of 100,000 ohms. This circult possesses a “lock-in™
feature, since the anode potential must be removed momentarily to restore the tube to a non-
conducting condition. When supplied from alternating current this circuit does not possess a

“lock-in" feature unless the frequency of the supply voltage is so high that the tube is not ailowed
a sufficient interval to deionize.

Circuit C shows a circuit using the 313A as a rectifier. The rectifying properties of the main
gap are used but the control gap should be connected into the circuit as indicated through a high
resistance. This will cause conduction in the forward direction to begin at a voltage much below
the main gap breakdown voltage. It is important to note that as a rectifier the 313A tube possesses
4 unique property not common to other rectifiers in that its impedance is infinite for voltages
below the breakdown voltage. In many applications thatis of importance since the tube may be
used to pass current at the higher potentials without placing a bridge across the linc for signals of
lower voltage.
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BELL SYSTEM PRACTICES AB46.313C
Transmission Engineering and Data Issue 3, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 3I3C ELECTRON TUBE

313C

DESCRIPTION

The 313C is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control circuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voitage . . . . . . . . o . L o .. 185 volts
Average Cathode Current . . - - . .« - « . . .+ .+ . . 10 100 milliamperes
Average Life, Approximate - - - - . - .« . o . . . . 10000 10 hours

File: Cold Cathorde Section

@ American Telephone and Telegraph Company 1962 3I3C
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MAXIMUM RATINGS, Absolute System (Note 1)

Forward Peak Anode Voltage. . . . . . . .« . « . . « . 185 volts
Forward Cathode Current(Note 2)
Peak - . . . B 100 milliamperes
AVETABE « » + & v v e s e e e e e e e e e 35 milliamperes
Averaging Time . . . L 2 seconds
Peak Inverse Anode Current(Note 2) e e e e e e e 5 milliamperes
Ambient Temperature Limits - . . . . . . . « . . . . -53 to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note ) . . . . . . . . . 82 70 89 volts
Starter Voltage Drop at 20 milliamperes . . . . . . 52 60 74 volts
Anode Voltage Drop at 20 milliamperes - s s+« .« . . B8 TS 90 volts
Transfer Current - - . « + + +« « + .+ See Curve - Fig. 1
Ionization Time - Starter Gap (Note 4) L R 6 - milliseconds
Deionization Time, Approximate

Starter Gap- - -« < - o« -+ o . o . o e ... . = 3 - milliseccnds
Main Gap- - - - - 10 - milliseconds
Inverse Current at —120 VOlts Anode Potent1a1 (Note 5) - - 3 milliamperes

MECHANICAL DATA

Mounting Position - - - + « + .« o . L . . L. e e e e e e e Any
Net Weieht, Approximate . . . . . . .« .+ 1 Ounce
Dimensions and pin connections shown in outllne draw1ng on page 4

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individuval tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residnal broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.



PAGE 3—313C

180

160

140

120

ANODE VOLTAGE IN VOLTS D.C.

100

80

Note 1:

Note 2:

Note 3:

Note 4:

Note 5:

TRANSFER CURRENT CHARACTERISTIC
\\rL
~
\ S~ [MAXIMUM
T~y —
~<TYPICAL T —
N
‘\
\\
o) 4 8 12 16 20 24 28 32 36 40
TRANSFER CURRENT I[N MICROAMPERES D.C.
FIG.I

In the "Absolute System' the maximum ratings specified are limiting values above which the
serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.

sufficient resistance must be used in series with the tube to assure that the electrode
currents do not exceed the maximum rated values.

Limits aprly immediately after tube has conducted current. If tube has been idle, these
values 1nitially may be as much as 3 volts higher or lower.

with 15 volts overvoltage (15 volts above starter breakdown voltage) with tube in total
darkness.

Negative anode voltage applied through 8000 ohms. Starter connected to ancde through

100, 200 ohms.
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BELL SYSTEM FRACTICES AB46.313CA
Transmission Engineering and Data Issue 3, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 3I3CA ELECTRON TUBE

313CA

DESCRIPTION

The 313CA is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control circuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voltage . . . . . .+ « « o < « o o . . . 200 volts
Average Cathode Current . . . . . . . . . . . . . . T 72 milliamperes
Average Life, Approximate . . . . . . . . . . . . . 10000 10 hours

File: Cold Cathode Section

© American Telephone and Telegraph Company 1962 3I3CA
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MAXIMUM RATINGS, Absolute System (Note 1)

Forward Peak Anode Voltage. . . . . . . « « + « « .« & 200 volts
Forward Cathode Current ¢Note 2)

Peak. . . . . - - . . . . . e e e e e 72 milliamperes
AVETAEE - -« + = « 4 o+ e e e e e e e e e e e e 25 milliamperes
Averaging Time T T T 2 seconds
Peak Inverse Anode Current (Mote 2). . . . . . . .+ .+ . . 5 milliamperes
Ambient Temperature Limits. . . . . . . . . . . . . . =-55to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note3) . . . . . . . . . 66 T2 T8 volts
Starter Voltage Drop at 20 milliamperes . . . . . . 52 60 T4 volts
Anode Voltage Drop at 20 milliamperes . . . . - - . 68 75 88 volts
Transfer Current - . + « + « « « « « « + « - . . See curve - Fig. 1

Ionization Time - Starter Gap (Note 4). . . . . . . . - 6 - milliseconds
Deionization Time, Approximate

Starter Gap- - - - « .« - . - 3 - milliseconds
Main Gap - P T T 10 - milliseconds
Inverse Current at -120 Volts Anode Potential (Note 5) . - - 3 milliamperes
MECHANICAL DATA
Mounting Position. . . . . . . . . . . T o o e e e e Any

Net Weight, Approximate . . . . 1 Ounce

Dimensions and Pin Connections shown in ocutline drawing on page 4,

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any speciml care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system, Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.
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Note 1: In the "Absolute System" the maximum ratings specified are limitinz values above which the
serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.

Note 2: Sufficient resistance must be used in series with the tube to assure that the electrode
currents do not exceed the maximum rated values.

Note 3: Limits apply immediately after tube has conducted current. If tube has been idle, these
values initially may be as much as 2 volts higher or lower.

Note 4: With 15 volts overvoltage (15 volts above starter breakdown voltage) with tube in total
darkness.

Note 5: Negative anode voltage applied through 8000 ohms. Starter comnected to anode through 100, 000
ohms.
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A development of Bell Telephone Laboratories, the research laboratories of the American Telephone
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BELL SYSTEM PRACTICES AB46.313CB
Transmission Engineering and Data Issue 3, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 313CB ELECTRON TUBE

313CB

DESCRIPTION

The 313CB is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in contrel circuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voltage . . . . . . . . . . . . .« .+ . . 170 volts
Average Cathode Current . . . . . . . . . . . . . . 7 72 milliamperes
Average Life, Approximate . . . . . . . . . . . . . 10000 10 hours

File: Cold Cathode Section

© American Telephone and Telegraph Company 1962 3'3CB
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MAXIMUM RATINGS, Absolute System (Note 1

~

Forward Peak Anode Voltage. . . . . . . . . . . . . . 170 volts
Forward Cathode Current (Note 2)
Peak. . . . . . . . . . . oo 72 milliamperes
AVETAZE . . . « . e e e e e e e e e e e e e 25 milliamperes
Averaging Time . . e e e e e e e 2 seconds
Peak Inverse Anode Current (Note 2) e e e e e e 5 milliamperes
Ambient Temperature Limits. . . . . . . . . . . . . . -bbto +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage(ote 3y . . . . . . . . ., 62 70 89 volts
Starter Voltage Drop at 20 milliamperes . . . . . . 52 60 T4 volts
Anode Voltage Drop at 20 milliamperes O | 76 81 volts
Transfer Current . . .« « « <. . .See Curve - Fig. 1
Ionization Time - Starter Gap(Note 4) e e e e e e .- 6 - milliseconds
Deionization Time, Approximate
Starter Gap. . . . . . . . . < < . . . ... 3 - milliseconds
Main Gap . . . - 10 - milliseconds
Inverse Current at -120 Volts Anode Potentlal(Note 5) - - 2 milliamperes

MECHANICAL DATA

Mounting Position . . . . . . . . . . . o . . o000 e e e e e Any
Net Weight, Aprroximate . . . .« « + 1 Ounce
Dimensions and pin connections shown in outllne draw1nv on Page 4

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-385 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.
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In the "Absolute System" the maximum ratings specified are limiting velues above which the

serviceability of the device may be impaired from the viewpoint of li‘e anl satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all velues may not, therefore, be attained simultaneously.

Sufficient resistance must be used in series with the tube to assure that the electrade
currents do not exceed the maximum rated values.

Limits apply immediately after tube has conducted current. If tube has been idle, these
values initially mey be as much as 2 volts higher or lower.

With 15 volts overvoltage (15 volts above starter breakdown voltage) with tube in total
darkness.

Negative anode voltage applied through 8000 ohms. Starter connected to anode through 100,000
ohms.
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BELL SYSTEM PRACTICES AB46. 313CC
Transmission Engineering and Data Issue 3, January 1962

Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 3I3CC ELECTRON TUBE

313CC

DESCRIPTION

The 313CC is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control circuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voltage - . . - . .« . « . .« o . . . 150 volts
Average Cathode Current - -« - « « « =+ « « « « .+ T 72 milliamperes
Average Life, Approximate - - - -« - + + « o o . s 10000 10 hours

File: Cold Cathode Section

@ American Telephone and Telegraph Company 1962

3i3cC
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MAXIMUM RATINGS, Absolute System (Note 1)

Forward Peak Anode Voltage- - . - - . . .« . .« . . . . 150 volts
Forward Cathode Current (Note 2)
Peak - + - R B T2 milliamperes
Average - - ¢ ¢+ e e e e s e e e e e e s e e 25 milliamperes
Averaging Time - - - S 2 seconds
Peak Inverse Anode Current(Note b5 SN R R 5 milliamperes
Ambient Temperature Limits- - - - - - - - - -« - -« -55 to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note?) . . . . . . . . . B8 72 78 volts
Starter vVoltage Drop at 20 milliamperes . . . . . . 52 60 74 volts
Anode Voltaee Drop at 20 milliamperes -+« .+« . . . 68 75 88 volts
Transfer Current . . . . . . . « . . .8See Curve - Fig. 1

Ionization Time - Starter Gap (Note 4) e e e e e = 6 - milliseconds
Deionization Time, Approximate

Starter Gap - « .« .+« o« o e e 0 e e e e - 3 - milliseconds
Main Gan. . . .- 10 - nilliseconds
Inverse Current at -120 volts Anode Potentlal(Note 5) « = - 3 milliamperes

MECHANICAL DATA

Mounting Position . . . . . . . . . L . . o Lo oo 0o Any
Net Weicht, Approximate . . . .« « + 1 Qunce
Dimensions and pin connhections shown in outllne draw1ng on Page 4

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.
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Note 1: In the "Absolute System' the maximum ratings specified are limiting values above which the
serviceability of the device may be impsired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attazined simultaneously.
Note 2: Sufficient resistance must be used in series with the tube to assure that the electrode
currents do not exceed the maximum rated values.
Note 3: Limits apply immediately after tube has conducted current. If tube has been idle. these
values initially may be as much as 3 volts higher or lower.
Note 4: With 15 volts overvoltage (15 volts above starter breakdown voltage) with tube in total
darkness.
Note 5: Negative anode voltage applied through 8000 ohms. Starter connected to anode through 100, 000

ohms.
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BELL SYSTEM PRACTICES SECTION AB46.315A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, APRIL 1948
ELECTRON TUBE DATYA AT&T. CO. STANDARD

1
- ‘_-s“;i‘i

RECTIFIER
HALF-WAVE, MERCURY-VAPOR

Western Electric

. . DESCRIPTION

The 315A is a half-wave, mercury-vapor rectifier tube for use in high-voltage rectifier
circuits,

MAXIMUM RATINGS

Peak Inverse Anode Voltage . . . . . . . . . . . . . 12500 volts
’ Average Cathode Current (Quadrature Operation) . . . . . . 2 amperes

ELECTRON TUBE DATA SHEET
FILE: RECTIFIER SECTION {
6-47 i

315A
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MAXIMUM RATINGS, ABSOLUTE VALUES

Peak Inverse Anode Voltage for
Condensed Mercury Temperature 20 to
Condensed Mercurv Temperature 20 to

Cathode Current
Peak
In-phase Operation
Quadrature Operation.
Average
In-phase Operation
Quadrature Operation.
Surge (maximum duration 0.1 sec0r1d)
Averaging Time
Frequency .

ELECTRICAL DATA

Filament Voltage .
Filament Current at 5 \olts .
Cathode Heating Time, Required
Anode Voltage Drop . .
Critical Anode Voltage

MECHANICAL DATA
Net Weight, Approximate

Equilibrium Condensed Mercury Temperamre Rise

At Full Load, Approximate

At No Load, Approximate
Cooling

Mounting

base end down.

C
C

Min.

4.75

RATE OF CONDENSED MERCURY

TEMPERATURE RISE

12500
7500

00

(W RN
SO~

Bogey Max.
50 5.25
10 11.5
15
100
10
18
15

5]

ury
=N

N

CONDENSED MERCURY
TEMPERATURE RISE. DEG. C
=]
N

o

o] 10 20

TIME IN MINUTES

30

40

50

60

volts
volts

amperes
amperes

ampere
amperes
amperes
seconds
cycles ‘sec.

volts
amperes
seconds
volts
volts

ounces

centigrade
centigrade
Convection

. ThlS tube 5h0uld be mounred in a verncal posmon only, with the
Sufficient clearance should be maintained around
the tube to insure free air circulation.
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BELL SYSTEM PRACTICES SECTION AB46.323B
Transmission Engineering and Data Issue 2, October 1963
Electron Tube Data A.T.& T.Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 323B ELECTRON TUBE

DESCRIPTION

The 3238 is a thregzelectrode®y
nerpative contro@ Pzristic.

or controlled rﬂ

ury-vapor und ras-fillad thyratren with =
This tube is dzsigned for use in ragulated

Qge ............ . 1250 velts

rveraze CHihoie Current. . . . . . . . . Lo 1.5 memperes

FILE:THYRATRON SECTION

3238

(j) American Telephone and Telegraph Company 1962
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HALIMUY R~TINGS, Absolutz Values

Peak inode Voltuge

INVErSe ¢« v v v v o+ 4 s o o o v & o o & 0 s 1250 volts

Forward . . v & 0 v 0 e e e v e e e e 1250 volts
CatLode Current

Peak. v ¢ v v v v v v e e e e e e e s 6 emperes

EVEPBEE v 4 v v b b e e e e e e e e e 1.5 amperes

Surge (maxirum 4uratiorn 0.1 second) . . . . 120 ampsres

Averaging Time. 4+ « + ¢ & o o « o o & & o 5 seconds
Vegative Grid Voltage

Before Conducticn . . . . « ¢ ¢ & 4 & o o . 500 volts

During Conduction . . . . . « « « « + « . . 10 volts
Positive Grid Current, iverage

{averaging tire - one cyele). . . . . . . . .010 amperas
Condensad Nercurv Temperature Limitsl. . . . . -55 to + 80 contiarads
ELECTRICAL DAT4

Kin. Bogey HKax.

Filament TOLEARE « » « v « v o v » o = v « o « « . R.37 2.5 2.62 volts
Filament Current at 2.5 Volts. . . « + « o o & « v === 7.0 7.75 eamperes
Filument Heuting Time Reguired . « . . « « « 4+ . . 15 --- --- sgeconds
Apode to Grid Capscitance. . . + « v » « « « o . . === 1.8 --- uur
Grid tc Filament Capacitance . . . . .« . « .« « ., =--- 5.0 --- uuf
Daicnization Time, Approxirete

Epp=l
Beg=-
Ionizati
Epp=1
Epb=1
Anode V
Critica
Change

250 volts;TEg=80C;Iy=6 amperas;

12 volts; Rg=20,00C ohms. . . . . . . . ., . --—- 1200 --- nierosecpnds
ion Time, Approx1mate3 e e e e e e e

00 volts;TEe=40C;grid overvoltagexﬁ volts . ... 35 --- =icrcssconds
00 volts;TEe=8CC;grid overveltage=25 volts. --- 0.5 --- crierosszecond

oltags Droc e e e P 15 =--- volts

1 Grid Current at 220 Anode Volts . « v o« » =—== -—- 5 microecperes

in Critical Grid Voltagz at

500 Anode Volts from +20 to +B80THE. « + o o + o+ —-- 0.2 ---— volt
EECEARTCAL DATA

Type of Cooling. . . e e e e e e e e e e Cenvection
Bquilibrium r‘or.mlnnsm:l iarcurv Tent=ratur=
Rise above imbient, Approzimete
At Full Load. + ¢ v v o e s e a e e s e e e e e {0 centigrade
At HO Loade v v v v e v b e a e e e e e e e s v 20 centigraie

Founting Positionm. . « « v v 4 ¢« s x e e s e 0 e w0 0

Ket Wei
Dimensi

1.

Yertical-base down

ght, Lpproximate. . . ¢« « o . . C e e e e e J ounces

ons and pin connections shown in out11ne dreving on Psge 4

Por starting conditions cnly. Egquilibrium overation is limited to +20©
pinimur coniasnsed marcury temperaturs.

Deionization time dscrzasss with an increase in negative grid voltazs or
with a decrzess in (a) condsnsed mercury temperature (THg), (b) grii resis-
tance or (e¢) enode current immedistely precedingz the and of conduction.

Tonization time decreases with an inerzase in (a} anode voltags, (b) con-
jensed nsrcury tempsraturs (PHg) or (c) mrid overvoltage. Grid cvervcltage
ig defined a8 the magnituls by whick tks applied voltage sxceeds, in a
positive dirzction, ths eritieal grid voltags value. Critical grid voltage
js tke instantanszous value of grid voltage at the time when anode currsnt

starts to flow.
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TYPICAL CONTROL CHARGTERISTICS, TYPICAL GRID CURRENT CHARACTERISTICS
SHADED AREA SHOWS RANGE OF GHAR- DURING ANODE CONDUCTION
ACTERISTICS, CONDENSED MERCURY +200

jMPERATURE ~55°C. TO +80°C.
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2 L pax —
27 MAX.
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BELL SYSTEM PRACTICES SECTION AB46.634
Transmission Engineering and Data Issue 1, February 1938
Vacuum Tube Data AT & T Co Standard

Wesfterrn Electric
327A Vacuum Tube

Classification—Half-wave, tungsten filament, argon filled rectifier,

The 327TA vacuum tube is designed to supply direct current from an alternating_current supply
in power systems for battery charging and for other purposes.

Dimensions—The dimensions and outline diagram are given in Figure 1. The overall dimen.
sions are:

Maximum length. e e e o 44"

Maximum diameter.. . . .. ... . .. .. .. L. 214

Mounting=-This tube employs a 3 connection, skirted medium screw base. Overall dimensions
are shown in Figure 1.

The tube may be mounted either in a vertical or a horizontal position. There should be a free
circulation of air around the tube. No object should touch the glass bulb.

Filament Rating

Filament voltage . .. . .. . ... .. . 2.0volts
Nominal filament curtent. . . .. .. . . . . 12 amperes

The filament of this tube is designed to operate on a voltage basis from an alternating-current
supply. The voltage should be maintained to within 109, of its rated value (2.0 volts). Operation
of the filament outside of these limits may cause the tube to become inoperative. Filament and
plate voltage may be applied to the tube simultaneously.

Copyright 1938 Western Electric Compuny, Incorporated
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327A

Characteristic and Operating Conditions

Approximate anode-cathode potential drop . . ... 8 volts
Ignition voltage at 60 cvcles... ... . .. ... ... 7-16 volts, r-m-s
Maximum peak plate current.. . .. .. . . .. . 6.0 amperes
Maximum average plate current .. . .. ... ... 2.0 amperes
Maximum peak inverse potential .. . ... . . 275 volts

The anode-cathode potential drop is substancially independent of the plate current. The
exact value may vary from tube to tube and during the life of a given tube over the range from 3 to
10 volts.

The ignition voltage is the voltage required to start conduction within the rube. In a-c. circuits
this is a function of frequency, increasing as the frequency increases. The values are given for
60 cycles since this frequency will be most generally encountered in circuit design.

The maximum permissible peak plate current (6 amperes) is a limitation on the instantaneous
value that the tube can carry safely in the direction in which it is designed to conduct and should
not be exceeded. The maximum average load current (2 amperes) is the maximum direct output
current which may be obtained from a half-wave circuit using one tube. A full-wave circuit using
two tubes will supply 2 maximum of 4 amperes.

The maximum permissible peak inverse potential (275 volts) is a limitation on the instan-
taneous value that the tube can stand safely. If it is exceeded, an arc-back mav result which may
injure the tube. All circuits should be adequately fused to prevent injury to the equipment in
event of arc-back due to line surges. The maximum output voltage obtainable in either the half-
wave or full-wave circuit is approximately 75 volts.

327A vacuum tubes may be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode, may be used for this purpose. The size of the reactors or resistors depends upon the circuit

design.
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BELL SYSTEM PRACTICES SECTION AB46.636
Transmission Engineering and Data Issue 1, April 1987
Vacuum Tube Data AT &T Co. Standard

Westerrnr Eleciric

328A Vacuum Tube

Classification—Voltage-amplifier, suppressor-grid pentode with indirectly heated
cathode

The electrical characteristics of the 328A tube are identical with those of the 810A tube except
for the heater voltage and current.

This tube is intended primarily for use in audio, carrier and radio-frequency voltage amplifiers,

oscillators or modulators. The connection for the suppressor grid has been brought out to an external
terminal, thus making the tube more flexible in its applications.

Dimensions=—=Dimensions, outline diagrams of the tube and base, and the arrangement of the
electrode connections to the base terminals are shown in Figures 1 and 2,

Base—Small, six-pin thrust type with pins silver-plated. A small, metal cap control-grid terminal
is located at the top of the bulb.

Socket—Standard, six-contact type, preferably provided with silver-plated contacts such as the
Western Electric 144B socket.

Mounting Positions—This tube may be mounted in any position.

Copyright 1937 Western Electric Company, Incorporated
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328A

Average Direct Interelectrode Capacitances

A B
Control grid to plate. . L. .. ... 0.0%5 0.007 uuf.
Suppressor grid toplate .. ... . . ... .. 125 12,5 ppuf.
Plate to heater, cathode and screen El‘ld .. 22 3.2 puf.
Control grid to suppressor grid.. .. . .. .. 18 1.3 ppf.
Control grid to heater, cathode and screen gnd .. 4.0 6.5 puf.
Suppressor grid to heater, cathode and screen grid .. 7.5 145 puf.

Column A—Without shield.
Column B—With close-fitting metal shield connected to cathode.

Heater Rating
Heater voltage.. .. .. ........ ... ... .. .. T.3volts,ac. orde
Nominal heater current.. .. . ... .... o 0.425 ampere

The heater element of this tube is designed to operate on a voltage basis and should be operated at
as near the rated voltage as is practicable.

Cathode Connection—Preferably direct to the hearer. If voltage must be applied between
the cathode and heater, it should not exceed 150 volts.

Characteristics—Plate current and screen-grid current characteristics of a typical 3284 tube are
shown in Figures 8 and 4, respectively, as functions of control-grid voltage for several values of
screen-grid and plate voltage and zero suppressor-grid voltage. The screen-grid voltage for these
characteristics 15 equal to the plate voltage. Corresponding amplification factor, plate resistance,
and transconductance characteristics are given in Figures 5, 6 and 7. Plate current and screen-
grid current characteristics as functions of plate voltage are given in Figures 8 and 9, respectively,
for several values of control-grid voltage, a screen-grid voltage of 185 volts, and zero suppressor-
grid voltage. Corresponding amplification factor, plate resistance, and transconductance charac-
teristics are shown in Figures 10, 11 and 12. Plate current, screen-grid current, plate resistance,
and transconductance characteristics are shown in Figures 13, 14, 15 and 16 as functions of plate
voltage for several values of suppressor-grid voltage, a screen-grid voltage of 135 volts, and a control-
grid voltage of —3 volts. These last characteristics are of particular interest in modulator applica-
tions where separate inputs are applied to the control and suppressor grids.

Limiting Conditions for Safe Operation

Maximum plate voltage ... .. e e 250 volts
Maximum screen-grid voltage. . .. ... . ... ... 180 volts
Maximum cathode current (screen-grid current p]us plate current) 10 milliamperes
Maximum screen-grid current . .. .. . .. .. .. ... . . 2.5 milliamperes

Operating Conditions and Qutput—Nominal performance data are given in the table below
for a2 number of typical operating conditions. Less severe operating conditions should be selected
in preference to maximum operating conditions wherever possible. The life of the tube at maximum
conditions may be shorter than at less severe conditions.

The performance data include the fundamental voltage or power output for the indicated
values of load resistance and input voltage, and the maximum second and third harmonic levels
for input voltages no greater than the indicated values. The voltage output is given in peak volts,
the power output in milliwatts, and the harmonic levels in decibels below the fundamental.

[2]



Plate
Volt-
age

Volis

135

Screen-
Grid
Voltage

Volts

135

Control-
Grid
Bias

Yolis

-3

Suppressor-
Grid
Voltage

TABLE

Plate
Current

Load
Resis=
tance

Yolts

Milli-

amperes
0 5.4

*Maximum operating conditions.

Ohms

20,000
60,000
60,000
60,000

100,000

100,000

40,000
100,000

60,000
100,000

60,000

60,000
100,000
100,000

Input
Volt-
age

Peak
Voltis

3.00
1.60
0.95
1.15
0.57
0.40

2.70
1.50

2.70
1.80

2.70
1.20
2.10
1.50

Output
Volt-
age

Peak
Yolts

100
75
50

175

220

250
200

Second Third
OQuiput Har- Har=

Power monic monic

Milli- db db
waits

250 22 30
130 26 28
60 35 45
33 39
35 50
40 55
340 26 28
26 30
425 27 27
27 31
480 26 30
110 30 55
26 29
30 43

Curves showing the fundamental power and voltage output and the second and third harmonic
levels as functions of input voltage for a number of values of load resistance and a typical operating
condition are given in Figures 17, 18, 19 and 20.
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328A

SCREEN-GRID CURRENT
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SCREEN-GRID CURRENT
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AMPLIFICATION FACTOR
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FUNDAMENTAL POWER QUTPUT
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BELL SYSTEM PRACTICES AB46.328A
Transmission Engineering and Data Issue 1, February 1956
Electron Tube Data A.T.&T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 328 A ELECTRON TUBE

328A

DESCRIPTION

The 328A is an indirectly heated cathode type pentode havipng a separate
suppressor grid connection. It is intended for in use in audio, carrier and radio-
frequency voltage amplifiers, oscillators or modulators. This tube, except for
having a different heater voltage and current raking, is identical to the 310A
tube.

CHARACTERISTICS

Heater Voltage . . « + ¢« v v v « 4 & « & o« & e e e e e e e s 7.5 volts

Plate Current . . . . /By = 180 volts; Eqp = 135 volts; N\ . . 5.5 milliamperes
Trensconductance « . . Bap = -3 volts; Ee3 =0 ') “ . 1820 micromhos

File: General Purpose Section
Issue 2, 2-56

328A



3264 - Page 2

GENERAL CEARACTERISTICS

ELECTRICAL DATA

Heater Voltage « o+ « v v+ o 4 v 4 o v » o o o o
Heater Current . . . . . . . « s e e e
Direct Interelectrode Cana.bl*'ance;

Grid to Plate (maximus) « + « + o + o+ &
Input: gl to (h+k+g2+g3+i.8.) « . . .
Cutput: v ts (h+k+g2+g3+i.5.) « & + « .

MECHANICAT DATA

Cathode « « o ¢ v ¢ 4 v s e e e e
Base . . .

Mounting P051t10n f e e e PR « o s o
Dimensions and pin connections showu in cutline

MAXTMUM RATINGS, Design-Center Values

7.5 volts
L25 milliemperas
Wwith
external shield
(RETMA #311)

witnout
externgsl
shield

016
6.0
13

*G,010 pp
*7.0 upf
*13 ppf

Coaved unfpotential
. 3112
. Small ©-pin
.. Any
drawings on vage >

Plate Voltage « + « v + v = « =« v o e e w4 o - .. 250 veolts
Sereen Grid VOILEZE + o » « + + o o o o s o 0 o o o o o o 180 volts
Plate Dissipation . . . . . & . & ¢ 4 4 4 4 a4 e e e e 2.0 watts
Sereen Grid Dissipetion . -« « + ¢ v ¢ v e 4 e e e e e s 0.4 watt
Catnode Current s e e e e s e e e e e e e e e e oa 10 milliamperes
Heater-Cathcde Voltage .« « & « & o = » o « ¢ ¢ ¢ . . 150 volis
TYPICAL OFFRATING CONDITIONS AND CHARACTERISTICS
Plate Voltage . . . . ., ., . . . . .. 135 180 250 volts
Screen Grid Voltage . . .« « v 4 4 v v« o & 135 135 135 volts
Control Grid Voltage . . . . . . . . . . . -3 -3 -3 volts
Suppressor Grid Voltage . . . . . . ., , . 0 0 0 volts
Plate Current . . e e e e e e e e 5 .40 5.50 5.6C milliamperas
Screen Grid Current e e e e e a e e e e 1.20 1.8 1.17 miliiamperes
Pesx A-F Sigpel Voltege . . . o o o . « 4 .+ 3.00 1.50 2.10 voits
Plate Resistance . . .. ... ... ... .75 C.%0 1.15 =egcolms
Transcorductance . . . . . . . 4 4 4 . . . 2800 152¢ 18L) micromhos
Load Resistanee . . . . . . . .. ... 20CC0 100000 103000 ohms
Power Cutput . . e e v e a e e e . 250 150 31C milliwatis
Totel Harmonic Distortion e e e . 8.5 € & per cent
Cor:trol Grid Veltage, Approx::nate, _or

10 Microsmperes Plate Current . . . . -G.5 -G.5 -9.5 volts

*¥W¥ith external shield {RETMA #311) connected to csthode pin.
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BELL SYSTEM PRACTICES SECTION AB46.585
Transmission Engineering and Data Issue 1, August 1939
Vacuum Tube Data AT & T Co Standard

Wesrerrr Llectric

311A and 329A Vacuum Tubes

Classification—Low-power, suppressor-grid pentodes with indirectly heated cathodes
The 3114 and 829A tubes are identical except for the heaters.

These tubes are intended primarily for use as audio, carrier or radio-frequency power amplifiers
where power outputs of approximately two watts are required and where the plate voltage is not in
excess of 180 volts. The suppressor grid is permanently connected to the cathode within the tube.

Dimensions and Connections—Dimensions, outline diagrams of the tubes and bases, and the
arrangement of the electrode connections to the base terminals are shown in Figures 1 and 2.

Base and Mounting—These vacuum tubes employ small five-pin thrust type bases with silver
plated pins. They are adapted for use in standard five-contact type sockets, preferably those pro-
vided with silver-plated contacts such as the Western Electric 141A socket. A small metal cap
control-grid terminal is located at the top of the bulb.

The tubes may be mounted in any position.

Copynght 1939, Western Flecteic Company, Incorporated

311A[
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Average Direct Interelectrode Capacitances

Control grid to plate e
Control grid to heater, cathode and screen grid. . .. .. 8 upnf.
Plate to heater, cathode and screen gnd. .. ..... ... 9 12 ppf,
Column A—Without shield.
Column B—With close fitting metal shield connected to the cathode.

Heater Ratings
311A Tube 3294 Tube

Heater voltage. .. ..... .. ... e (X valts, a.c. or d.c.

7.5
Nominal heater current e o 0.64 0.85 ampere

The heaters should be operated on a voltage basis and at as near the rated voltage as

practicable.

The voltage between the cathode and the heater should not exceed 150 volts.

Characteristics—Figures 3 and 4 respectively, show plate current and screen-grid current as
functions of control-grid voltage for several values of screen and plate voltage. In all curves the
plate voltage is equal to the screen voltage. Amplification factor, plate resistance and transcon-
ductance curves for the conditions corresponding to those of Figures 8 and 4 are given respectively
in Figures 3, 6 and 7.

Plate current and screen-grid current are shown as functions of plate voltage in Figures 8 and
9 respectively, for a screen-grid voltage of 135 volts and for several values of control-grid voltage.
Corresponding curves for amplification factor, plate resistance and transconductance are given in
Figures 10, 11 and 12 respectively.

Curves showing the fundamental power output and the second and third harmonic levels as
functions of input voltage for a number of values of load resistance for tvpical operating conditions

are given in Figures 13, 14 and 15 respectively.

Limiting Conditions for Safe Operation

Maximum direct plate voltage. ... . . : .. .. 180 volts
Maximum direct screen-grid voltage . e e .. 150 volts
Maximum cathode current (plate current plus screen-grid current) 60 milliamperes
Maximum direct screen-grid current .. . ... ... . 12 milliamperes

Operating Conditions and Output — Ncminal performance data are given in the table
on page 3 for a number of typical operating conditions. Less severe operating conditions should be
selected in preference to the maximum conditions wherever possible. The life of the tube at maxi-
mum conditions will be shorter than at the less severe conditions.

The performance data include the fundamental power output for the indicated values of load
resistance and input voltage, and the maximum second and third harmonic levels for input voltages
not exceeding the indicated values. Under certain conditions the maximum second harmonic level
occurs at a lower input voltage than that given in the table. The power output is given in watts,

and the harmonic levels in decibels below the fundamental.

(2}
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329A

TABLE

Control-grid voltage =—15 volts

Sereen - grid voltage = 135 volts

Plate Amplifica- Plate Transcon-  Plate Load Input OQutput Second Third
Voltage tion Factor Resistance ductance Currenté Resistance Voltage Power Harmonic Harmonie
Yolis Ohms  Micrombos Milli- Ohms Peak Watts dab db
amperes Volts
135 122 43,000 2800 30 3000 15 1.9 23 24
3500 15 2.0 27 21
4000 15 2.0 29 19
6000 15 1.9 20 18
180* 1486 50,000 2900 31 3000 15 2.5 18 30
4000 15 2.8 21 24
7000 15 2.5 23 18
*Maximum plate voltage.
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} 64
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BELL SYSTEM PRACTICES SECTION AB45.333A
TRANSMISSION ENGINEERING AND DATA 1SSUE 1, SEPTEMBER 1950
ELECTRON TUBE DATA A.T.&T, CO. STANDARD

333A

COLD CATHODE

Western Electric

The 333A is a three-electrode, inert-gas-filled, cold cathode tube for use in relay,
voltage regulator, or rectifier circuits. This tube is especially suitable for use in control
I circuits such as in triggering, counting, or switching apparatus.

DESCRIPTION

MAXIMUM RATINGS

Peak Anode Voltage . - 150 volts

Y_ Average Cathode Current . 10 100 milliamperes
Average Life, approximate 10000 10 hours

. Transfer Current 5 microamperes

ELECTRON TUBE DATA SHEET
FILE: COLD CATHODE SECTION

i 333A

COLD CATHODE



333A — PAGE 2

MAXIMUM RATINGS, Absolute Values

Forward Peak Anode Voltage
Forward Cathode Current

Peak

Average

Averaging Time :
Peak Inverse Anode Current
Ambient Temperature Limits

ELECTRICAL DATA

Starter Breakdown Voltage*
Starter Voltage Drop at 20 m11ha.mperes
Anode Voltage Drop at 20 milliamperes
Required Transfer Current at 130 Anode Volts (D.C.)
Deionization Time, approximate
Starter Gap
Main Gap

Inverse Current at-—120 Volts Anodc Potcntlal"‘" '

MECHANICAL DATA

Mounting Position
Net Weight, approximate

150

100
35

i N

—55 to +85

Min. Bogey Max.

62 70 89
52 60 74
68 75 90
5

3

10
3
Any
1

volts

milliamperes
milliamperes
seconds
milliamperes
centigrade

voits
volts
volts
microamperes

milliseconds

milliseconds
milliamperes

ounce

* Limits apply immediately after tube has conducted current. If tube has been idle,
these values initially may be as much as 3 volts higher or lower.
#** Negative unode voltage applied chrough 8,000 ohms. Starter connected to anode

through 100,000 ohms.
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BELL SYSTEM PRACTICES SECTION AB46.336A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, NOVEMBER 1948
ELECTRON TUBE DATA AT.&T. CO. STANDARD

PENTODE Wesrern Electric

DESCRIPTION
. The 33GA is a suppressor grid, power penthode with an indirectly heated cathode. —
It is designed for use as an audio-frequency power amplifier in Class A, and AB,
service.
CHARACTERISTICS
. Heater Voltage 10.0 volts
Plate Current 32,5 milliamperes
E, = E.. = 250 volts; . 1amp
Transconductarnce 4250 micromhos
E., = —14 volts
Power Output ] . 3.5 watts

ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION

148 336A
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage, A-C or D-C
Heater Current
Direct Interelectrode Capacitances

without

external shield

Grid to Plate 0.52
Inpuc 11.5
Output 8.1

MECHANICAL DATA

Cathode

Bulb

Base

Mounting Posinon

Dimensions and pin connections shown in outline drawing on Page 7

MAXIMUM RATINGS, Design-Center Va

Plate Voltage

Screen Grid Voltage
Plate Dissipation
Screen Grid Dissipation
Cathode Current
Heater-Cathode Voltage

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS
SINGLE TUBE AMPLIFIER — PENTODE CONNECTION

Plate Voliage

Screen Grid Voliage

Control Grid Voliage

Cathode Resistor

Peak A-F Grid Voluage

Zero Signal Plate Current
Maximum Signal Plate Current
Zero Signal Screen Grid Current

Maximum Signal Screen Grid Current

Transconductance

Plate Resistance

Load Resistance

Maximum Signal Power Qutput
Total Harmonic Distortion

180 250
180 250
—8 —14
8 10
28.0 32.0
29.5 34.0
6.0 6.5
8.2 11.0
4100 4250
70000 84500
5000 7000
1.8 3.6
6.3 8.0

#With external shield (RMA #311) coanected to cathode pin.

10.0 volis
0.64 ampere
with
external shield
(RMA #311)
*¥0.34 uuf
*]12.2 uuf
¥10.5 uuf

Coated unipotential
ST12

Small 6-pin

Aay

volts

volts

watts

watts
milliamperes
volts

250
250
12
3.5
50
150

250
250

volts

volts

volts

ohms

volts
milliamperes
milliamperes
milliamperes
milliamperes
micromhos
ohms

ohms

watts

per cent

330
10
32.0
30.5
6.5
10.5
4400
75000
7000
3.3
8.8
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SINGLE TUBE AMPLIFIER — TRIODE CONNECTION*

Plate Voltage C e 250 volts
Control Grid Voltage o : —16 volts

Peak A-F Grid Voliage S . 16 volts

Zero Signal Plate Current o . 30.0 milliamperes
Maximum Signal Plate Current . . . 33.0 milliamperes
Transconductance ‘ S . 4550 micromhos
Amplification Factor Coe o . 10

Plate Resistance . s 2200 ohms

Load Resistance o Ce e 4000 ohms
Maximum Signal Power Qutput . . e 1.3 watts

Total Harmonic Distortion . . . . S 4.8 per cent

PUSH-PULL AMPLIFIER — PENTODE CONNECTION

Unless otherwise specifted, values are for 2 tubes

Plate Voltage o 250 250 volts

Screen Grid Voltage . 250 250 volts
Control Grid Voltage o . o —18 ... volts
Cathode Resistor C : e 200 ohms

Peak A-F Grid-to-Grid Voltage . 36 36 volts

Zero Signal Plate Current : 35.5  55.0 milliamperes
Maximum Signal Plate Current 68.0  64.0 milliamperes
Zero Signal Screen Grid Current . 8.0 12.0 milliamperes
Maximum Signal Screen Grid Current o 20.5 19.5 milliamperes
Effective Load Resistance (plate-to-plate) 7000 7000 ohms
Maximum Signal Power Output . 8.2 7.2 watts

Total Harmonic Distortion . 5.5 5 per cent

PUSH-PULL AMPLIFIER —TRIODE CONNECTION*

Unless otherwise specified, values are for 2 tubes

Plate Voltage . e . , 250 Volts
Control Grid Voltage e —18 volts

Peak A-F Grid-to-Grid Voltage L 36 volts

Zero Signal Plate Current e . 47.5 milliamperes
Maximum Signal Plate Current . 59.5 milliamperes
Effective Load Resistance (plate-to-plate) . 7000 ohms
Maximum Signal Power Qutput A o o 3.0 watts

Total Harmonic Distortion oo oo . 3.2 per cent

* Screen grid connected to plate.

ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION
1-48



336A — PAGE 4

100 : : : I _
LTI N RN N RN
N BN L | . T [m=r=275 250 22
Ef=100 VOLTS | P |
80 |t L : ! . i [ / '200|
. [ I I VAV
5 70_L ! | I [ : | :I: - | | }{ / / 175
3 . L : /7 :// [
e | 171 =
. E o @Al
F N
= |1 | i /
g 40 L I / / / / / '}25
' /
o , : VAV S aAVl
E 30 il AV g AL [ o
A AV M
20 [— ! : ALV /L)
L ,/ 4 /' y rYV/
10 /A AN //
) ! . //l/ /)
0 RN B ot ot o A I f
ZAS  —44 -40 -36 -32 -28 -24 -20 -6 -12 ~8 -4 O +4

CONTROL GRID VOLTAGE

S0 R O L N B A I V1Y

)
(=]
o

S I ' §b=ﬂ5/ 250( f225
8 | Ef=10.0 VOLTS i | ' | | | | w, /’

g s T W WL Y A A

I R T 77 /1
s | AT AVAViYE
= ARV §AAAEE
z "L . | /7] 7 A J=
3 1 AV
gg | | L] [ LAV [ s
I L T N 7]
a RN IVAVIV.V8 NAAR:
5 T AT T
g L ! AV
g BRIV,
T AL T T
N I NV ALY
P I T | —-—"-2-—-_54%/—//'./4]/1 |

-48 -44 -40 -36 -32 -28 -24 -20 -6 12 -8 -4 o]
CONTROL GRID VOLTAGE



PAGE 5—336A

O e=oovors | [ [ | | ]
SCREEN GRID VOLTAGE = 250 YOLTS
110 Ee, =0
="
100 Pl
/,
90 ’/’
] //
g 80 -5
e G
32 / —
3 70 /
= //
£ 40 /
= /
r
P
-
2 o
g ’ /} /
30 / ~15
I / ]
/T
20 77
/! -20
wolf - 1
,.——/ -25
- —30
0 40 B0 120 160 200 240 280 320 360 400 440 480 520 560
PLATE VOLTAGE
80
g=w0ovours | | | | | |
SCREEN GRID VOLTAGE = 250 VOLTS
70 |
60
\ ]
50 O\ 2o S S

\ T
40 \\ Np

l/

30

SCREEN GRID CURRENT IN MILLIAMPERES

[
;5 \\- |
20 \\ N\ | T
<10 —— ]
e !
NI~
0 -15
20 T
__25 l
b + ) ) H
0 40 80 120 160 200 240 280 320 340 400 440 480 520 560

PLATE VOLTAGE

ELECTRON TUBE DATA SHEET
F_I‘%.E: GENERAL PURPOSE SECTION
1-48



336A —PAGE 6

8060

080

E;=10.0 VOLTS

072

[«]
o
-3

[

7200 i
| o\
S
6400 I\ ! ' P

\
5600 \

S
n
o~

vy
2 "
3 2
g : ' \ e
= oo i i Z
z Ep=Ec =250 \175 L /%50. . 75 048
E4800 \\ \—' / 7 I ‘;’ / I %
g 4000 ; N 7 : 0 4o§
; U ! <
: N S N ;
g N NZA P
s I =
E 1600 PN N ; i o6
I pd S~ N .
800 e M \-._._ I 008
/Qm /{n . \\-& .
0 , | /u L : ) i
Z98 26 24 -22 -26 18 16 -4 12 -0 -8 -6 -4 -2 0
CONTROL GRID VOLTAGE
8000 | . 0.80
Ef=10.0 VOLTS !
PLATE VOLTAGE = 250 VOLTS |
7200 | 0.72
| .
6400 ® . ! - 0.64

wy
o
T (73]
o :
& 5600 \ — 0569
s - / : b
Z 4800 | \\ | i i // 0.482
%anoo | ' \Ec.=-10 ~1i5' ' L0 1/115 °'4°§
ARy
§3200 \ X : I / ! L - 0323
: NNEPZE e :
§ 2400 — y \ / | 0.24",:;
Z ; : 3
E 1600 | // |\ /\\\ i 016
' i / A T T 008
800 T !gn/ er/ H I T .
| 7 V I f : | 0
0 20 40 60 8 100 120 140 160 180 200 220 240 260 280

SCREEN GRID VOLTAGE



PAGE 7 —336A

POWER OUTPUT IN WATTS

Ef=10.0 VOLTS
Eb=Ec,= 250 VOLTS
Ec,=-14 VOLTS

INPUT SIGNAL= 14 VOLTS PEAK

} POWER QUTPUT

T

24

20

1\ 1 \
\ 4
l - ////z——~ 16
/%TOTAL DISTORTION
. 3 .
/N T .
/
\ 8
\2nd HARMONIC //
3rd HARMONIC/ /
vl ‘
) /
0
2000 6000 8000 10000

LOAD RESISTANCE iN OHMS

—— I%IMAX. —

z“
4 6 MAX.

o
ulm
ol

I+
l—

N —— -

o

!-:— ey MAX*»l

ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION

1-48

SCREEN GRID

PLATE 2]
“

AB-7 SMALL
6-PIN BASE

(B!

HEATER

HARMGNIC DISTORTION IN PERCENT

CONTROL GRID

CATHODE &
SUPPRESSOR GRID



BELL SYSTEM PRACTICES SECTION AB46.3374
Transmission Engineering and Date Issue 1, April 1951
Electron Tube Data A.T.& T. Co. Stendard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 337A ELECTRON TUBE

337A

DESCRIPTION

The 337A is a variable-mu pentode of the unipotential cathode type. The sup-
pressor grid is connected to a separate base pin to provide flexibility in usage.
This tube is designed for use as an audio, carrier or radio~frequency amplifier,

oscillator or modulator.

CHARACTERISTICS
Heater Voltage . « . .« . . . P S S e T T 10 volts

E e e e e e Ep = 180 volts; e« « s « + 6.3 milliamperes
Plate Curren {Ec2' 135 volts,

Egl= -3 volts e 5 » « s » 1740 mieromhos

Transconductance . . . .

FILE:GENERAL PURPOSE SECTION
ISSUE 1 3-51 337A
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GENERAL CHARACTZRISTICS

ELECTRICAL DATA
Heatsr Ycltage, A-C or D-C . <« 4 »
Hegater Current .,

Direct Interelectrode Capacitances

Grid to Plate (maxi=mum). . . .

Ioput, . . . .

Cutput & & 4 ¢ 4 0 ¢ ¢ v o . .

* With externsl shield (QMA#311)

MECHANTICAL DATA
Cathods,
Bulb . . . « &

Base

LR R I Y B I D I B
4« s 4 2 e 4 4 e a s

P4 e e s s s e e s e oae
Mounting position .+ . 4 & & & o &

Dimensions and pin connections

KAXTMUM RATINGS,
Plate Voltage

Screen Grid Voltzge . . . . . . .

Plate Dissipaticn
Sereen Grid Dissipation ., . . ..
Cathode Current
Heater-Cathode Voltage . .

TYPICAL OPERATTILT CONDITIQNS
Plates Voltage
Screen Grid Voltage « ¢ 4 v o o »
Control Grid Voltags o o o o o + o

= e s e & o+ s 8 s

Buppressor Grid Voltage . « o o
Plate furrent
Screen Grid Zurrent
Peak A-F Signal Voltage . . . . .
Plate Resistance « « ¢ v « ¢ 4 & &

¢+ & e &4 s 2 & e

Transconductance o + v « 4 & o &
Load Rssistance . . v v « & « & &
« s 0 0 s 4 o v s e

Powar Cutput
Total Earmonic Jistortion

= v e &

Control Grii Voltags {aporoximats)
Transcorniuctanee »f 10 micrombos .

t v e w e e e e st w e e e« 10 volts

e+ e « a e s s 4 o » & s = «» 320 millianperes
WITHQUT WITH EXTERNAL
EXTERNAL SHIELD

S N1 *0,009 uinf

s e e e s e 5.9 * 6.5 uuf

P < = 13.0 uuf

Connected to Cathods (Pim #5)

a = & s s+ 2 a s
¢ & ¢ e 3 & » e s = s 2
e & 5 & s 2 s e e 3 & »

in outline drawing on

DESIGH-CENTER VALUES

PO 135 180
e .o 135 135
. s -3 -3
« e 4] 0
e -0 b2 6.3
v .. 1.3 1.27
e 3.C 1.5
e oaoe 0455 0.85
.. oa 1730 1740
« « « 30000  1CGLOO
v e« 230 150
e 6.0 7.0
for

. . . =18.5 ~18.5

. Coated unipotsntial
. ST12

+ Small 6-pin

. Any

Page 5

. . 250
180

volts

volts

watts

watt
milliamperes

0.4
10

150

70lts
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0
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1.16
1750
100000
30¢
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PLATE RESISTANGE

PLATE CURRENT IN MILLIAMPLRE

PLATE CURRENT IN MILLIAMPERES
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BELL SYSTEM PRACTICES SECTION AB46.338A
Transmission Engineering and Data Issue 1, October 1952
Electron Tube Data A.T.& T.Co. Standard

Wesferrn Llecrric
338A Vacuum Tube

Classification—Three clement, argon filled,\ fon, with an indirectly heated
cathode Sl

relay or trigger-action devjge.
oscillator giving a squar&, wate
sweep-voltage for a linear tibge s

diméngjons and outline diagrams are given in Figures 1 and 2. The overall

dimensions are¥a, Oj‘i
Masfmum length. .................. ...l 43"

DHAMEtEr. . o v vt e e 194"

Mountjsig—This vacuum tube employs a standard fivepin thrust type base suitable for use in
a Western Electric 141A or similar socket. The arrangement of electrode connections to the base
terminals is shown in Figure 2.

It may be mounted in either a vertical or horizontal position, although the vertical position
is preferable.

FILE: THYRATRON SECTION

(., American Telephone and Telegraph Company 1962 338A



338A

Heater Rating
Heater potential . . . ...... ......... ... ... 10.0 volts
Nominal heater carrent. ............ . .... 0.5 ampere
Required heating time................. 60 seconds

The heater element of this tube is designed to operate on a voltage basis from a direct or
alternating current supply. The voltage should be maintained to within 5% of its rated value
(10 volts). Operation of the heater element above the upper limit will definitely reduce the life
of the tube, while a decrease below the lower limit may cause immediate failure.

Sufficient time should always be allowed for the cathode temperature to reach its normal
operating value before anade current is drawn. Failure to allow sufficient time may result in
immediate failure,

Operating Conditions

Approximate tube voltage drop . ...... ... e 15 volrs

Max. peak voltage between anode and grid ......... 325 volts

Max, instantaneous anode current ... ....... .... 0.600 ampere
Max. averags anode current. .. ... T 0.100 ampere
Max. time of averaging anode current. e e 5 seconds
Max. instantaneous grid current. . ... .. e 0.010 ampere
Max. voltage between heater and cathode. . ...... . 50 volts
Operating ambient temperature range. ... . AU —20°to0 +50°C.
Normal deionization time. .. .................... 1000 microseconds

The characteristics of the 338A tube are such that, for any given anode potential, there is a
critical grid potential. If the grid is held more negative than this value and the tube is non-con-
ducting, the anode current will remain zero. If it is made less negative, the current will assume a
value determined by the applied poiential and the resistance in the anode circuit. To extinguish
the discharge and return the current to zero, the positive anode potential must be removed.
When current is flowing a visible discharge occurs in the tube. Under this condition, the tube
voltage drop is practically independent of the value of both the anode current and the grid
potential. A protective resistance should always be included in the circuit to limit the anode
current to the rated values. A typical curve relating the critical grid potential to the anode
potential is shown in Figure 8. This charactersitic may vary from tube to tube and during the
life of a given tube.

Sufficient resistance must always be included in the grid circuit to limit the negative grid po-
tential to 10 volts when anode current is flowing. Failure to observe this precaution will result in
short tube life.

Typical Circuits

The tube may be used in a variety of circuits adapted to the application of thyratrons. Two
general types are common. One use of the tube is to produce a saw-toothed, current wave. The
circuit for this application is shown in Figure 4. The resistance R should, ordinarily, be at least
100,000 chms, and the product RC (C in farads) approximately equal to the desired fundamental
period.

The second general use for the tube is as a relay device. In this application the anode may be
supplied from either alternating or direct current. When supplied from direct current, the circuit,
Figure 5, possesses 2 “lock-in”’ feature, since the anode potential must be removed momentarily
in order to restore the tube to the non-conducting condition. When supplied from alternating
current, the circuit possesses no “lock-in"" feature, but the average anode current may be controlled
by the relative phase of grid and anode potentials. The schematic circuit for this application
is shown in Figure 6. Figure7 is a simplified circuit employing a photoelectric cell in place of the
resistance, R, used in the phase shifting device in Figure 6. The photoelectric cell, however, is
equivalent to a variable resistance in the sense that the current passed will depend upon the
amount of light faliing upon it.

[2]
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BELL SYSTEM PRACTICES SECTION ABA46.345A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, AUGUST 1948
ELECTRON TUBE DATA A.T&T. CO. STANDARD
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RECTIFIER
FULL-WAVE, HIGH VACUUM Western Electric

DESCRIPTION

The 345A is a full-wave rectifier with indirectly beated cathodes. It is designed to
. supply direct current from an alternating current source or to rectify radio-frequency
currents for feedback purposes in broadcast transmicters.

CHARACTERISTICS

Heater Voltage . . A . S 6.3 volts
. Maximum Plate Voltage (RMS) pet Plate o 400 volts
Maximum D-C Output Current . . . . . . . . 100 milliamperes

ELECTRON TUBE DATA SHEET
FILE: RECTIFIER SECTION

-4 345A
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Volwage 6.3 volts
Heater Current . 1.0 ampere

MECHANICAL DATA

Cathode Coated unipotential
Bulb ST12

Base Small 5-pin
Mounting Position Any

Dimensions and pin connections shovm in outline drawing on Page 4

MAXIMUM RATINGS, Design-Center Values

Peak Inverse Voltage 1250 volts

Peak Plate Current per Plate 300 milliamperes
Peak Transient Plate Current per Plate 1.0 ampere
Peak Heater-Cathode Volrtage 450 vols

With Choke-Input Filter:

A-C Plate Voltage per Plate (RMS) . 400 voles

D-C Output Current . 100 milliamperes
Minimum Input-Choke Inductance 4 henrys

With Condenser-Input Filter:

A-C Plate Voltage per Plate (RMS) 350 volts
D-C Output Current . 100 milliamperes
Minimum Total Effective Plate-Supply Impedance per Plate 75 ohms

TYPICAL OPERATING CONDITIONS

With Choke-Input Filter:

A-C Plate Voltage per Plate (RMS) 350 voles

D-C Output Current 100 milliamperes
D-C Output Voltage, Approximate, at Input to Fileer 290 volts

Filter Input Choke 6 henrys

With Condenser-Input Filter:

A-C Plate Voltage per Plate (RMS) 300 vols

D-C Output Current 90 milliamperes
D-C Qutput Volts, Approximate, at Input to Filter 340 vols

Total Effective Plate-Supply Impedance per Plate 150 obms

Filter Input Condenser . . 4 microfarads
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BELL SYSTEM PRACTICES ABh6.346R
Transmission Engineering end Data Issue 3, Aprll 1956
Electron Tube Data A.T.&T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 346B ELECTRON TUBE

346B

DESCRIPTION

The 346B is a three-electrode, inert-gas-filled, cold cathode tube for use
in relsy, voltage regulator, or rectifier circuits. This tube 1s especially

suitable for use in control circuits such as in triggering, counting, or
switching apparatus.

MAXIMUM RATINGS
Peak Anode Voltage

..... .. e e e e e 225 volts
Average Cathode Current « « ¢« + & v v v o « « 10 100 milliamperes
Averege Life, Approximste . . . . . . . . .. 10060 10 hours

File: Cold Cathode Section
Issue 6, April 1956

3468



X468 - Page 2
MATMUM RATINGS, Absclute Values

Forward Peak Anode Vcltage . . ¢ « v v o o o o » o 225 velts
Forward Cathode Current +
PEAK 4 « o 5 o 5 5 5 ¢ o 2 2 a8 o o ¢ v o4 s o= e 100 milliamperes
AVETBEL o o o « o o o = o = « o o o o o o o s o 35 mil-iampere
Averaging Time . « & o ¢ « ¢« « & ¢« ¢ s s 2 4 4 s 2 secords
Inverse Peak Anode Currentl. . . . . . .. ... . > mil jiamperes
Amblent Temperature Limits . .« . « + + ¢ & 4 o o o -55 to +3 cerstizgrede
ELECTRICAL DATA Min. Bogey Hax.
Starter Breakdowr Voltage 2. . .+ v v v 4 & . . . €5 70 89 velts
Starter Voltage Drop at 20 M:lliamperes . . . . 52 60 T4 volts
Anode Voltage Drop at 20 Milliamperes. . . . . . 72 80 20 volss
Transfer Current . « « « « « o o o o 4 0 e . s See curve - Fig. 3
Tonization Time - Starter GAE S« o o« » + + + + » --- 6 ---milliseconds
Deicnization Time, Approximate
SArter GAD » + « + + s+ o ¢ 0 e 4 4 e e 4 e s -—- 2 --- milliseconds
MRIn GAD « + + + o o o o 5 8 o 4 e 4 e e .. -— 8 --- milliseconds
Inverse Current at
120 Volts Anode Potentiml *. . . . . . . .. — - 3 milliamperes
MECHATTCAL DATA
Mounting Position . o « 4 4 4 ¢ ¢ & ¢ o o o o & v 0 ¢« 0 0 0« « Any
Net wWeight, Approximeze . . & & 4 4 ¢ 4 4« o o + » s 5 » s+ &+ » + «» 1 cunce

Dimensions and pin zonrectizrs shown in outline drawing on rage 4

Note 1: Sufficient resiesance rust be used in series with the tube 3o
assure thuet the electrode currents do not exceed their mexinmm
rated values.

Note 2: Limits apply immediately after tube has conducted current. If the

tube bas been idle, these values initially may be as ruch as 3

volts higher or lower.

Hote 3: With 15 vclts starter overvoltage (15 volts above Starter Breakdoun
Voltage) with tube in total darkness.

Note 4: Negative anode voltage applied through 8000 ohms. Starter connected
to ancde through 100000 ohms.
HANDLING

Western Electric cold cathcde tubes contain a minute amount of radium bromide
which s a radicactive mater’ai. Tke amount in most types is too small to require
any special care in use, handling or disposal.

A few types contein a larger quantity of radium bromide in which the radium
approximates that found on a luninous weteh dial. These types bear a red three-
bladed propeller-shaped sy=bcl on the tube envelope. Instructions for handling
such tuves sre given below and also in Bell System Practices for Central Office
maintenance.

Installations ordinarily require no precautions against radiatioan. However,
quantities of the tubes should not be so instelled, or so stored outside the
shipping carton, that they will be within a few inches of persomnnel or ir proxi-
mity ©o photographic film for extended periods of time. For example, however, a
LO-hour weekx exposure at spbout one (1) foot fram a bank of 500 tubes (covering
an aree of 20 inches x 45 inches) is well within the accepted tolerance limits
for personnel. Reasonable care shouid be exercised in handling and disposal oF
broken tubes. In general, attention should be given to the Ifollowing:

(a) Avoid breathing dust or vapors fram broken tubes.

(t) Avoid contacting broken parts with bere hands.

(c) Use wet rag to pick ur broken parts. Wrap broken parts in rag and tie
secureiy sc as toc form a package. Thorougnly wash hands after disposal.

{d) Dispose of broken or defective tubes as they are taken out of service.
(ne or two tubes at a time may be disposed of with normel waste material.
Accumiletion of tubes in one concentrated area of the place of fInal
disposition should be avoided.
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NOTE 5 -CLEARANCE DIMENSIONS TO APPLY WITHIN THE LIMITS
DEFINED BY DIMENSION "A" ONLY. (SEE BASE END VIEW)

z
£

A development of Bell Telephone Laboratories, the research laboratories oif the
American Telephone and Telegraph Company and the Western Electric Company.
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BELL SYSTEM PRACTICES AB46. 346C
Transmission Engineering and Data Issue 1, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 346C ELECTRON TUBE

346C

DESCRIPTION

The 346C is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control circuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voltage e e e e e e e e e e e e e e e e 2925 voits
Average Cathode Current - -« -« - = = « « « ¢« « « « « « . 10 100 milliamperes
Average Life, Approximate - - - « +« + + « + <« + - - < 10000 10 hours

File: Cold Cathode Section

(© American Telephone and Telegraph Company 1962 346C
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MAXIMUM RATINGS, Absolute System (Note 1)

Forward Peak Anode Voltage . . . . . . « « « « « « « & « o .« 225 volts
Forward Cathode Current (Note 2)

Peak . . . « « « « « « &+ .« e e e e e e e e e e e e 100 milliamperes
AVEIAEE - + « « = o« o s s s e e e e s e s e e e s e e 35 milliamperes
Averaging Time R e e e e e e e s 2 seconds
Inverse Peak Anode Current (Note 2) . . . + « + + + o & « & 5 milliamperes
Ambient Temperature Limits . . . . . » « + . -« « . . . . . . -55 to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note 3). . . . . . . . . . . 65 70 89 volts
Starter Voltage Drop at 20 milliamperes. . . . . . . . 52 60 T4 volts
Anode Voltage Drop at 20 milliamperes. . . . . . . . . 72 30 90 volts
Transfer Current . e e e e e e e .See curve - Fig. 3
Tonization Time - Starter Gap(Note &) . . . . . . . . . - 6 - milliseconds
Deionization Time, Approximate
Starter Gap - « « -+ « « o+ 4 4 e e e e e e e e e e e - 2 - milliseconds
Main Gap . . - - - -« v . e e e e e e e e e = 8 - milliseconds
Inverse Current at -120 Volts Anode Potential (Note 5) . - - 3 milliamperes
MECHANICAL DATA
Mounting Position . - . . . . . . . o o 0o o s e e e e e e e e e e e Any
Net Weight, Approximate . . . . . . . .+ + « . 1 Ounce

Dimensions and pin connections shown in cutline drawing on page 4.
HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash dispusal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
serviceability of the device may be impaired from the viewpoint of life snd satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may nmot, therefore, be attained simultaneously.

Note 2: Sufficient resistance must be used ip series with the tube to assure that the electrode
currents do not exceed their maximum rated values.

Note 3: Limits apply immediately after tube has conducted current. If the tube has been idle, these
values initially may be as much as 3 volts higher or lower.
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fe— 1188  MAX. —=
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{SEE NOTE 6}
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A development of Bell Telephone Laboratories, the research laboratories of the Americazn Telephone

and Telegraph Company and the Western Electric Company.

PRINTED IN U.S.A.



BELL SYSTEM PRACTICES SECTION AB46.347A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, AUGUST 1948
ELECTRON TUBE DATA AT.&T. CO. STANDARD

TRIODE
AUDIO-FREQUENCY AMPLIFIER Westery Electric

DESCRIPTION

The 347A is a triode designed for use as an audio-frequency amplifier where exception-
. ally low tube noise is required. Special design features minimize both the microphonic

noise and the hum produced by a.c. operation of the heater.

CHARACTERISTICS

Heater Voltage ) e 6.3 volts
Maximum Plate Voltage . - : e 180 volws
' Amplification Factor . L 15

ELECTRON TUBE DATA SHEET ‘
FILE: GENERAL PURPOSE SECTION

1147 | 347A
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage, A-C or D-C
Heater Current

Direct Interelectrode Capacitances (without external shield)

Grid to Plate
Input
Output

MECHANICAL DATA

Cathode

Bulb

Base

Mounting Position

Dimensions and pin connections shown in outline drawing on

Page 5

MAXIMUM RATINGS, Design-Center Values

Plate Voltage

Plate Dissipation

Plate Current
Heater-Cathode Volrage

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS—CLASS A, AMPLIFIER

Plate Voltage 120
Grid Voltage -6.0
Peak A-F Grid Voltage 6.0
Plate Current . 1.0
Transconductance 560
Amplification Factor 14.8
Plate Resistance 26600
Load Resistance 100000
Maximum Signal Power Output 24
Total Harmonic Distortion 4

HUM

Under typical operating conditions, and
with the cathode of the tube connected to
the mid-point of the heater circuit, the
equivalent hum voltage in the grid circuit
will be less than 12 microvolts at the supply
frequency and less than 6.0 microvolts at

6.3 volis
0.50 ampere
1.9 uuf
2.4 uuf
3.8 uuf
Coated Unipotential
ST 12
Small Shell Octal 5-Pin
Aay
180 volts
2.0 watts
10.0 milliamperes
30 volts
135 160 180 volts
—4.5 —6.0 —7.5 volts
4.5 6.0 7.5 volts
3.0 30 2.8 milliamperes
890 880 840 micromhos
15.4 15.5 15.3
17300 17700 18300 ohms
100000 100000 100000 ohms
18 31 48 milliwatts
25 3 3 percent

double the supply frequency.

If the insulation leakage and capacitance be-
tween the external grid and heater connec-
tions are kept reasonably low, a resistance of
2 megohms may be used in the grid circuit
without materially affecting the hum level.
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ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION
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BELL SYSTEM FRACTICES ABLE . 3U8A
Transmission Engineering and Data Issue 2, February 1956
Electron Tube Data A.T.&T. Co. Stendard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 348A ELECTRON TUBE

348A

DESCRIPTION

The 348A is an indirectly heated cathode type pentode having a separate
suppressor grid connection. It is intended for use in audio, carrier and radio-
frequency voltage amplifiers, oscillators or modulators. It has epecial design
features to minimize microphonic noise and hum. This tube, except for having a
different base, top cap, heater voltage and current rating, is identical to the
310B.

CHARACTERISTICS

Heater VOLEBEE « + « & o o o o o « o o « s o s o s s o o s » 6.3 volts

Plate Current . . E, = 180 volts; By = 135 volts; .. 5.5 milliamperes
Transconductance . Eel = -3 volts; Eg3 =0 . 1820 micromhos

.

File: General Purpose Section
Issue 3, 2-56

348A
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GENERAL. CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage « v v v v o v v 4 v « o o o v o 0 o s o o o u 6.3 volts
Heater Current . . . . & 4 v v i et e e e e e e e e e e e . 0.50 ampere
Direct Interelectrode Capacitances without with
external external shield
shield (RETMA #311)
Grid to Plate (maximme) . . . . . . . . . 0.016 *0,010 puf
Input: gl to (h+k+g2+g3+i.8.) + + o 4 . . 6.0 *7.0 puf
Gutput: p vo (htk+gP+g3+i.8.) . « + « . . 13 *¥13 ppf
MECEANICAL. DATA
Cathode . . . . . . v v o v v i s e e e e e e e e Coated unipotential
Buld . v v 6 vt e e i e e e e e e e e e e e e e e sT2
L Small, 7-pin octal
Mounting Position « « « . & . & & . . . Any

Dimensions anc pin connections shown in outline drawing om page 5

MAXTMUM RATINGS, Design-Center Values

Plate VOLBAEE -« v v v v v v v v v v v e o s s s o e e e 250 volts
Screen Grid VOLTEZE & « v 4 t 4 v v ¢ v o o o o o o o s o 180 volts
Plate Dissipation f e e e e e e e e e e e e e e e e 2.0 watis
Screen Grid Dissipation « . 4« & v . f v i v h e b . . . 0.4 watt
Cathode Current . . . & v 4 4 4 v 4 4 v 4 v 0 v v v a4 10 milliamperes
Heater-Cathode VOlta8Z8e - + + v v ¢ 4 4 ¢ e 4 & v v o o & 30 volts

TYPICAL OPERATTNG CONDITIONS AKD CHARACTERISTICS

PIAte o o o « o s o v o 4 4 b e e e e e . 135 180 250 volts
Screen Grid Voitage . . v ¢+ ¢« v . 4 . . 135 135 135 volts
Control Grid Voltage . . + &+ « + « + . . -3 -3 -3 volts
Suppressor Grid Veltage . . . . . . . . . 0 o] 0 volts
Flate Current . « « « « + 4 & & & o . . 5.40 5.50 5.60 milliamperes
Screen Grid Current « « + &+ « s 4 0 4 4 s 1.20 1.18 1.17 milliamperes
Peak A-F Signal Voltage « + + + & & + = . 3.00 1.50 2.10 volts
Plate Resistance . . . . . + . « o . o & 0.75 0.9%0 1.15 megohms
TransconduCtBnce .+ . » + « « + « + o « & 1800 1820 1840 micromhos
Load Resistance S e e e s e e e e e 20000 100000 100000 ohms
Powey OQutput . . - - . . - . « < . « . . 250 150 310 milliwetts
Totel Harmonic Distortion « « « + 4 « . 8.5 6 6 per cent
Control Grid Voitage, Approximate, for

Plate Current of 10 Microamreres . . . -9.5 -9.5 -9.5 volts

*yith external shield (RETMA #311) connscted to cathode pin.
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BELL SYSTEM PRACTICES SECTION AB44.349A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, NOVEMBER 1943
ELECTRON TURE DATA AT.LT. CO. STANDARD

PENTODE 349A Western Electric

DESCRIPTION

The 349A is a suppressor grid, power pentode with an indirectly heated cathode.
It is designed for use as an audio-frequency power amplifier in Class A, and AB,

service.

CHARACTERISTICS

Heater Voltage 6.3 volts

Plate Current ) 32.5 milliamperes
E, = E., = 250 volts; .

Transconductance 4250 micromhos
E, = —14 volts

Power Output J 3.5 watts

ELECTRON TUBE DATA SHEET

FI“LE: GENERAL PURPOSE SECTION
s 349A

PENTODE
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage, A-C or D-C
Heater Current
Direct Interelectrode Capacitances

Grid to Plate
Input
Output

MECHANICAL DATA
Cathode

Bulb

Base

Mounting Position

Dimensions and pin connections shown in o

MAXIMUM RATINGS, Design-Center Values

Plate Voltage

Screen Grid Voltage
Plate Dissipation

Screen Grid Dissipation
Cathode Current
Heater-Cathode Voltage

6.3 volts
. 1.0 ampere
without with
external shield external shield
(RMA 3311)
0.46 *0.31 uuf
11.2 #11.7 uuf
8.1 *10.5 uuf

Coated unipotential

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS
SINGLE TUBE AMPLIFIER — PENTODE CONNECTION

Plate Volcage

Screen Grid Voltage

Contral Grid Voltage

Cathode Resistor

Peak A-F Grid Voltage

Zero Signal Plate Current
Maximum Signal! Plate Current
Zero Signal Screen Grid Current
Maximum Signal Screen Grid Current
Transconductance

Plate Resistance

Load Resistance

Maximum Signal Power Ourput
Total Harmonic Distortion

S§T12
Small shell octal
) Any
utline drawing on Page 7
250 voles
250 volts
12 watts
3.5 watts
50 milliamperes
150 voles
180 250 250 volts
180 250 250 voles
—8 —14 o0 vOlts
v - 330 ohms
8 10 10 volts
28.0 32.0 32.0 milliamperes
295 34,0 30.5 milliamperes
6.0 6.5 6.5 milliamperes
8.2 11.0 10.5 milliamperes
£100 4250 4400 micromhos
70000 84500 75000 ohms
5000 7000 7000 ohms
1.8 3.6 3.3 watts
6.3 8.0 8.8 per cent

= With external shield (RMA #311) coanected to cathode pin.
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SINGLE TUBE AMPLIFIER — TRIODE CONNECTION*

Plate Voltage

Control Grid Voltage

Peak A-F Grid Voltage

Zero Signal Plate Current
Maximum Signal Plate Current .
Transconductance

Amplification Factor

Plate Resistance

Load Resistance o
Maximum Signal Power Output .
Total Harmonic Distortion

PUSH-PULL AMPLIFIER — PENTODE CONNECTION

Unless otherwise specified, values are for 2 tubes
Plate Voltage
Screen Grid Voltage
Control Grid Voltage .
Cathode Resistor , .
Peak A-F Grid-to-Grid Voltage .
Zero Signal Plate Current
Maximum Signal Plate Current .
Zero Signal Screen Grid Current
Maximum Signal Screen Grid Current .
Effective Load Resistance (plate-to-plate) .
Maximum Signal Power Qutput
Total Harmonic Distortion

PUSH-PULL AMPLIFIER — TRIODE CONNECTION*

Unless otherwise specified, values are for 2 tubes
Plate Voltage .
Control Grid Voltage .
Peak A-F Grid-to-Grid Voltage
Zero Signal Plate Current
Maximum Signal Plate Current
Effective Load Resistance (plate-to-plate)
Maximum Signal Power Output .
‘Total Harmonic Distortion .

*Screen grid connected to plate.

ELECTRON TUBE DATA SHEET
FLLE: GENERAL PURPOSE SECTION
1-48

250 volts
—16 volts
16 volts
30.0 milliamperes
33.0 milliamperes
4550 micromhos
10
2200 ohms
4000 ohms
1.3 watts
4.8 per cent

250 250 volts
250 250 volts

—18 ... volts
. 200 ohms
36 36 volts

35.5 55.0 milliamperes
68.0  64.0 milliamperes

8.0  12.0 milliamperes
20.5 19.5 milliamperes
7000 7000 ohms

8.2 7.2 watts

5.5 5 per cent

250 volrs
—18 volts

36 volts
47.5 milliamperes
59.5 milliamperes
7000 ohms

3.0 watts

3.2 per cent
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BELL SYSTEM PRACTICES
TRANSMISSION ENGINEERING AND DATA
ELECTRON TUBE DATA

PENTODE

DESCRIPTION

service.

CHARACTERISTICS

Heater Voltage
. Plate Current
E, =
Transconductance

Power Output

ELECTRON TUBE DATA SHEET
F—I‘iLE: GENERAL PURPOSE SECTION
1-48

E.. = 250 volts;
E, = —14 volts

349A

SECTION AB46.349A
ISSUE 1, NOVEMBER 1948
A.1.&T. CO. STANDARD

&
k4
kA
b
&
o

oS A & T .

3

Western Electric

The 349A is a suppressor grid, power pentode with an indirectly heated cathode.
It is designed for use as an audio-frequency power amplifier in Class A; and AB,

6.3 volts
32.5 milliamperes
4250 micromhos
3.5 watts
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage, A-C or D-C
Heater Current .
Direct Interelectrode Capacitances

Grid to Plate
Inpur
Ourtput

MECHANICAL DATA
Cathode

Bulb

Base

Mounting Position

6.3 volts
. 1.0 ampere
without with
external shield external shield
(RMA #311)
0.46 #0,31 auf
11.2 #11.7 uuf
8.1 #10.5 uuf

Coated unipotential
ST12

Small sheil octal
Any

Dimensions and pin connections shown in outline drawing on Page 7

MAXIMUM RATINGS, Design-Center Values

Plate Voltage

Screen Grid Voliage
Plate Dissipation

Screen Grid Dissipation
Cathode Current
Heater-Cathode Voltage

250 volts
250 volts

12 watts

3.5 watts

50 milliamperes
150 volts

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

SINGLE TUBE AMPLIFIER — PENTODE CONNECTION

Plate Voltage

Screen Grid Voltage

Control Grid Voltage

Cathode Resistor

Peak A-F Grid Voltage

Zero Signal Plate Current
Maximum Signal Plate Current
Zero Signal Screen Grid Current
Maximum Signal Screen Grid Current
Transconductance

Plate Resistance

Load Resistance

Maximum Signal Power Qutput
Total Harmonic Distortion

180 250 250 volis
180 250 250 volts

—8 —14 ... volts
e v 330 ohms
8 10 10 volts

28.0 32,0 32.0 milliamperes
29.5 34.0 30.5 milliamperes
6.0 6.5 6.5 milliamperes
8.2 11.0 10.5 milliamperes

4100 4250 4400 micromhos
70000 84500 75000 ohms
5000 7000 7000 ohms

1.8 3.6 3.3 wats
6.3 8.0 8.8 per cent

% With external shield (RMA #311) connected to cathode pin.
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SINGLE TUBE AMPLIFIER — TRIODE CONNECTION*

Plate Voltage . 250 volts
Control Grid Voltage —16 volts

Peak A-F Grid Voltage 16 volts

Zero Signal Plate Current 30.0 milliamperes
Maximum Signal Plate Current 33.0 milliamperes
Transconductance o S 4550 micromhos
Amplification Factor . R . L : 10

Plate Resistance . . . . . . . . . . . . . . . . ... 2200 ohms

Load Resistance o - 4000 ohms
Maximum Signal Power Output . . S 1.3 watts

Total Harmonic Distortion , 4.8 per cent

PUSH-PULL AMPLIFIER — PENTODE CONNECTION

Unless otherwise specified, values are for 2 tubes

Plate Voltage 250 250 volts

Screen Grid Voltage . 250 250 volts
Control Grid Voltage —18 ... volts
Cathode Resistor , . 200 ohms

Peak A-F Grid-to-Grid Voltage 36 36 volts

Zero Signal Plate Current . 35.5 55.0 milliamperes
Maximum Signal Plate Current . 68.0  64.0 milliamperes
Zero Signal Screen Grid Current 8.0 12.0 milliamperes
Maximum Signal Screen Grid Current 20.5 19.5 milliamperes
Effective Load Resistance (plate-to-plate) . 7000 7000 ohms
Maximum Signal Power Output 8.2 7.2 watts

Total Harmonic Distortion . . A 5.5 5 per cent

PUSH-PULL AMPLIFIER — TRIODE CONNECTION*

Unless otherwise specified, values ate for 2 tubes

Plate Voltage 250 volts
Control Grid Voltage : —18 volts

Peak A-F Grid-to-Grid Voltage . 36 volts

Zero Signal Plate Current 47.5 milliamperes
Maximum Signal Plate Current 59.5 milliamperes
Effective Load Resistance (plate-to-plate) : ‘ . 7000 ohms
Maximum Signal Power Output 3.0 wartts

Total Harmonic Distortion . . o . 3.2 per cent

# Screen grid connected to plate.

ELECTRON TUBE DATA SHEET
FI,iIE;E: GENERAL PURPOSE SECTION
1-
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350B

TETRODE \
BEAM POWER AMPLIFIER Western Electric

DESCRIPTION

The 350B is 2 beam power tetrode of the neater-cathode type. It is designed for use as an
audio-frequency amplifier or as a radio-frequency oscillator.

CHARACTERISTICS

Heater Voltage e e e 6.3 volts

Plate Current . . . _ _ ) R 93 milliamperes
Transconductance . B, = Eo = 250 volts; { R 8300 micromhos
Power Output Ey = —I4 volts 10,5 watts

ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION

45 350B

TETRODE
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage, A-C or D-C .
Heater Current

Direct Interelectrode Capacitances (without external shield)

Grid to Plate (maximum)
Input .
Output

MECHANICAL DATA

6.3 volts
1.6 amperes

05 uuf
16 uuf
8 uuf

Coated Unipotential

Medium shell, 7-pin octal

Cathode
Bulb ST16
Base ..
Mounting Position Any
MAXIMUM RATINGS, Design-Center Values
Plate Voltage . .
Screen Grid Voltage . .
Maximum Signal Plate Current .
Plate Dissipation .
Screen Grid Dissipation .
Maximum Grid Circuit Resistance for

Fixed Bias

Cathode Bias . .
TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS
SINGLE TUBE AMPLIFIER — CLASS A,
Plate Voltage . . 250 350
Screen Grid Voltage . 250 250
Control Grid Voltage . —14 —18
Cathode Resistor . . .. ..
Peak A-F Grid Voltage . 14 18
Zero Signal Plate Current 93 62
Maximum Signal Plate Current . 97 81
Zero Signal Screen Grid Current 6.0 25
Maximum Signal Screen Grid Current . 15 16
Transconductance TR 8300 7100
Piate Resistance . 37500 57500
Load Resistance .. 2000 3200
Maximum Signal Power Output . 10.5 15.8
Total Harmonic Distortion 11 18

360
270
125
27
4

0.1
05

B8

volts

volts
milliamperes
watts

watts

megohm
megohm

volts
volts

. volts

130
14
93
89

50
16

34500

9.6
11

chms

volts
milliamperes
milliamperes
milliamperes
milliamperes
micromhos
ohms

ohms

per cent

per cent
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SINGLE TUBE AMPLIFIER (TRIODE CONNECTIONS*}— CLASS A,
Plate Voltage . . o e

Control Grid Voltage .

Cathode Resistor . .
Peak A-F Grid Voltage .
Zero Signal Plate Current
Maximum Signal Plate Current .
Transconductance
Amplification Factor .

Plate Resistance .

Load Resistance

Maximum Signal Power Output
Total Harmonic Distortion

PUSH-PULL AMPLIFIER — CLASS A,
Unless otherwise specified, values are for 2 tubes

Plate Voltage . . . . . . . . . . . 250
Screen Grid Voltage . . . . . . . . . 250
Control Grid Voltage . . . . . . . . . —18
Cathode Resistor . . . s e
Peak A-F Grid-to-Grid Voltage . 30
Zero Signal Plate Carrent . . . . . . . 165
Maximum Signal Plate Current . . . . . . 203
Zero Signal Screen Grid Current . . . . . 13
Maximum Signal Screen Grid Current . . . . 24
Transconductance e e, 8200
Plate Resistance . . S 37500
Effective Load Reststance (Plate-to-Plate) . 2000
Meximum Signal Power Qutput . . . . . . 15.5
Total Harmoni¢ Distortion , ., . . . . . 25

PUSH-PULL AMPLIFIER — CLASS AB,
Unless otherwise specified, values are for 2 tubes

Plate Voltage . . . .. . . . .
Screen Grid Voltage .

Control Grid Voltage .

Cathode Resistor . .

Peak A-F Grid-to-Grid Voltage .

Zero Signal Plate Current

Maximum Signal Plate Current .

Zero Signal Screen Grid Current
Maximum Signal Screen Grid Current .
Effective Load Resistance (Plate-to-Plate) .
Maximum Signal Power Output .

Total Harmonic Distortion .

*Screen grid connected to plate.

ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION
3-49

250
-20
20
50

56.0
6400

1250
5000
17

270
270
—175
35
163
212
12

28
8050
50000
2000

20.0
35

360
270
—25

68
162
25

245
3000
22

5

250 volts
. volts
350 ohms
20 volts
50 milliamperes
52,2 milliamperes
6800 micromltos
8
1180 ohms
6060 ohms
1.5 watts
3.6 per cent

270 volts
270 volts
... volts
75 ohms
32 volts
184 milliamperes
196 milliamperes
16 milliamperes
24 milliamperes
9500 micromhos
35500 ohms
3000 ohms
18.6 watts
6.3 per cent

360 volts
270 volts
. volts
130 ohms
45 volts
132 milliamperes
155 milliamperes
5.5 milliamperes
18 milliamperes
5000 ohms
25 watts
14 per cent
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RECTIFIER .
FULL-WAVE, HIGH VACUUM Western Eleclric

DESCRIPTION

The 351A is an octal based full-wave rectifier with indirectly heated cathodes. It is
. designed to supply direct current from an alternating current source or to rectify radio-
frequency currents for feedback purposes in broadcast transmitters.

CHARACTERISTICS

Heater Voliage e 6.3 volts
Maximum Plate Voltage (RMS) per Plate 400 voles
. Maximum D-C Output Current 100 milliamperes

ELECTRON TUBE DATA SHEET
FILE: RECTIFIER SECTION 351A
1-48
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Heater Voltage
Heater Current

MECHANICAL DATA

Cathode

Bulb

Base

Mounting Position

Dimensions and pin connections shovm in outlme drawmg on Page 4

MAXIMUM RATINGS, Design-Center Values

Peak Inverse Voltage

Peak Plate Current per Plate

Peak Transient Plate Current per Plate
Peak Heater-Cathode Voltage

With Choke-Input Filter:

A-C Plate Voltage per Plate (RMS)
D-C Outpur Current
Minimum Input-Choke Inductance

With Condenser-Input Filter:

A-C Plate Voltage per Plate (RMS)
D-C Ourpur Current
Minimum Total Effective Plate-Supply Impedance per Plate

TYPICAL OPERATING CONDITIONS

With Choke-Input Filter:

A-C Plate Voltage per Plate (RMS)

D-C Output Current

D-C Qutput Volts, Approximate, at Input to Filter
Filter Input Choke

With Condenser-Input Filter:

A-C Plate Voltage per Plate (RMS)

D-C Output Current ]
D-C Qutput Volts, Approximate, at Input to Filter
Total Effective Plate-Supply Impedance per Plate
Filter Input Condenser

6.3 volts
1.0 ampere

Coated unipotential

ST12

Small shell octal

Any

400
100

350
100

350
100
290

300

90
340
150

volts
milliamperes
ampere

volts

voles
milliamperes
henrys

volts
milliamperes

ohms

volts
milliamperes
volis

henrys

volts
milliamperes
volts

ohms
microfarads
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352A Vacuum Tube

Classification—Duodiode triode with an indirectly heated cathode

The 352A tube comprises three distinct vacuum tube units which are independent of each
other except that sections of 2 single cathode structure supply electron emission for all three. Two
of these units are diodes. The other is a triode.

Applications—Diode detector, diode rectifier for automatic volume control voltage, and triode
audio-frequency amplifier. If desired the two diodes may be used for full-wave rectification or they
may be connected in parallel to provide a lower impedance half-wave rectifier. The former con-
nection requires about twice as high an input voltage as the latter to give equal detector output.

Dimensions and Connections—Outline diagrams of the tube and base giving the dimensions
and the arrangement of the electrode connections to the base terminals are shown in Figures 1 and 2,

Base and Mounting—This tube employs a small six-pin thrust type base suitable for use in a
Western Electric 144B or similar socket. The base pins are silver plated. The triode grid terminal
is a small metal cap located at the top of the bulb.

This tube may be mounted in any position.

Copyrizht 1939 Western Electric Company, Incorporated

352A



Average Direct Interelectrode Capacitances

Triode grid toplate. . ... ... ... .. o C 1.5 puf
Triode grid to cathode and heater. . ... .. L o 1.6 puf
Triode plate to cathode and heater. ........ A, ... 8.8 uuf
Both diodes to tricde grid ............ ..., e e .. 0.015 puf
Both diodes to triode plate. ... ... oo 1.4 ppf
Both diodes to cathode and heater. .. .. e 6.5 puf
Heater Rating

Heater voltage .. ........ ...... o .. 10.0 volts, a.c. or d.c.
Nominal heater current. ... . . .. . ... ..., 0.32 ampere

The heater of this tube is designed to operate on a voltage basis and should be operated at
as near the rated voltage as practicable.

Cathode Connection—Vhere alternating heater voltage is used the cathode should pref-
erably be connected directly to the mid-point of the heater transformer winding or to the mid-
point of a low resistance connected across the heater terminals. For direct current operation the
cathode may be connected to either end of the heater. 1f voltage is applied between the heater
and cathode, it should be kept low and must not exceed 50 volts.

Triode Characteristics—Tvpical curves showing triode plate current as a function of grid
voltage for several values of plate voltage are shown in Figure 3. Corresponding amplification
factor, plate resistance and transconductance characteristics are given in Figures 4, 5 and 6 re-
spectively. Figure 7 shows plate current as a function of plate voltage for several values of grid
voltage.

Triode Operating Conditions and Output

Permissible operating plate and grid voltages are included within the area, ABCD, in Figure 3.
Amplification factor, plate resistance, transconductance and performance data for a number of
typical operating conditions are given in the table. Recommended conditions or others of no
greater severity should be selected in preference to maximum conditions wherever possible. The
life of the tube at maximum opegating condirions will be shorter than at less severe conditions.

In the last four columns of the table are given the fundamental power output, Py, in milliwatts,
the fundamental voltage output, Egm, in peak volts and the second and third harmonic levels, Fom
and Fjp. in db below the fundamental, for the indicated values of load resistance. The peak
value of the sinusoidal input voltage, Egm, is numerically equal to the grid bias in each case.
Where the level of the third harmonic is lower than 45 db below the fundamental, its value may
be widelv different from tube to tube. The values given represent a typical tube.

For a smaller input voltage, E,, the fundamental power and voltage outputs and the harmonic
levels are given approximately by the following relations:

p-p )
= Pl
E

E. =E mi
p P! Egm
E
Fo = Fom -+ 20 log —£=
2 £10 Eg
E
Fy = Fgn + 40 logwEJE‘
g
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TABLE
Volt-
Plate Grid Plate Ampli- Plate Trans- Load Power age Second Third
Yoli- Volt- Cur- fication Resist- conduct- Resist- Out- Ont- Har-  Har-
age age rent Factor ance ance ance put put menic  monic
Volis Volts Milli- Ohms  Micro- Ohms  Milli- Peak db db
amperes mhos watts Volts
135 —4.5 3.2 14.0 17,500 800 20,000 31 35 25 50
35,000 27 43 28 45
50,000 23 48 29 45
1356 —6.0 2.1 13.3 20,500 650 20,000 42 41 20 55
35,000 40 53 24 55
50,000 34 58 26 50
135 —17.5 1.3 12.7 26,000 490 20,000 46 43 16 38
35,000 45 56 19 45
50,000 42 65 21 55
180 —-7.5 3.4 13.5 18,000 750 20,000 79 58 22 85
35,000 68 69 25 50
50,000 59 7 28 45
180 —-9.0 24 13.0 20,500 630 20,000 90 60 18 45
35,000 85 77 22 55
50,000 76 87 24 55
180 —10.5 1.5 12.7 26,000 490 20,000 90 60 15 36
35,000 87 73 17 38
50,000 78 88 20 45
*200 —9.0 3.3 13.2 18,000 730 20,000 109 66 20 55
35,000 96 82 24 55
50,000 81 90 26 50
*200 —10.5 23 12.9 22,000 590 20,000 112 67 17 40
35,000 106 86 21 50
50,000 90 95 24 60

*Maximum operating conditicns.

Triode Microphonie Noise—With a plate voltage of 135 volts, a grid bias of —6 volts, and a
load resistance of 100,000 ohms, the mean microphonic noise output level of the triode section of
the tube, measured in a laboratory reference test set, is 45 db below 1 volt. The range of levels of
individual tubes extends from 20 to 60 db below 1 volt. Since microphenic noise depends on the
type and intensity of the mechanical disturbance which produces it, the values given here are useful
chiefly for comparison with the levels of ather tubes which have been tested in the same way.

Diode Characteristics=—The current-voltage characteristic of a single diode is shown in Figure
8. Rectification characteristics for a single diode are shown in Figure 9 for a number of values of
impressed alternating input voltage. Each of these characteristic curves gives the relation between
the direct voltage impressed on the diode plate and the average diode current as indicated by a
direct-current microammeter for a constant impressed alternating input voltage of the value speci-
fied. Where the diode is used as a detector with the usual condenser-resistance circuit, the direct
component of the voltage developed across the resistance by any alternating-voltage input is given
by the intercept of the load line with the rectification characteristic corresponding to the input
voltage. Load lines for zero fixed bias are shown in Figure 9 for load resistance values of 0.25,
0.5 and 1.0 megohm.

The potential of each diode plate with respect to the cathode on the positive swing of the input
voltage should be limited to a maximum value of 410 volts.

(3]
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BELL SYSTEM PRACTICES AB46. 353A
Transmission Engineering and Dat- Issue 4, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 353A ELECTRON TUBE

353A

DESCRIPTION

The 353A is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control circuits such as in trigeering, counting, or switching apparatus,

CHARACTERISTICS

Peak Anode Voltage - . . . . « . .« o . . . o o - 150 volts
Average Cathode Curient - - - . . . . . . . . . . 10 100 milliamperes
Average Life, aprroximate - - - - - - - - . . . . 10000 10 hours

File: Cold Cathode Section

© American Telephone and Telegraph Company 1962 353A
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MAXIMUM RATINGS, Absolute System (hote 1)

Forward Peak Anode Voltage.- . - . . . . . . . . . . . 150 volts
Forward Cathode Current(Note 2)

Peak - - .. B L T P 100 milliamperes
AVETAEE - = + + = + o e e e e e e e 35 milliamperes
Averaging Time . - - T T 2 seconds
Peak Inverse Anode Current (Note 2)- - - « .« .« .« .« . . . 5 milliamperes
Ambient Temperature Limits. . . . . . . . . « + .« . . -55 to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note 3) . . . . . . . . . 62 70 89 volts
Starter Voltage Drop at 20 milliamperes . . . . . . 52 60 T4 volts
Anode Voltage Dror at 20 m11119mperes < -+ . .« . . 68 15 90 volts
Transfer Current . . . . e e e e See Curve, Fig. 3
Ionization Time, Starter Gap(Note 4) ce e e e e 6 - milliseconds
Deionization Time, approx1mate
Starter Gap. - - - T 3 - milliseconds
Main Gap. . . . - 10 - milliseconds
Inverse Current at -120 Volts Anode Potentlal(Note 5) .- - 3 milliamperes
MECHANICAL DATA
Mounting Position Ce e e e e e e e e e e e e e e e e e e e e e Any
Net Weight, approximate . . . . « « + + 1 Ounce

Dimensions and pin connections shown in outllne draulng on Page 4

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.

Note 1: In the "Absolute System' the maximum ratings specified are limiting values above which the
serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.

Note 2: Sufficient resicstance must be used in series with the tube to assure that the electrode
currents do not exceed the maximum rated velues.
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A development of Bell Telephone Laboratories, the research laboratories of the American Telephone
and Telegraph Company and the Western Electric Company.
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BELL SYSTEM PRACTICES SECTION AB46.354A
Transmission Engineering and Data Issue 3, October 1962
Electron Tube Data A.T.& T.Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 354A ELECTRON TUBE

Hestern Flcetrit
MR

DESCRIPTION %
The 354A is a three-electro ﬁry-vapor thyratron with a negative eontrol
charaeteristic X uhe is designed for regulated or controlled rectifiers.

s e e s s e s s e s w s e e« s 1500 volts
e b s e s e e e e 4 ampares

FI1LE:THYRATRON SECTION

{©) Anmerican Telephone and Telegraph Company 1562 354A



3548 =~ Pago 2

MAXIMUM RATINGS, ABSCLUTE VALUES

Poeak Anode Voltage
IOVETBE o o ¢« « o o o « o o s & o « & o
Forward . . « o+ o s 2 4 ¢ s 5 o s 0 e

Cathode Current
Peak o o ¢ & ¢ 4 v 4 4 4 xw s
AVerage . « « s+ o ¢ s » o
Surge (maximum duration 0.1 second) . .
Averaging Time . . . . . . ¢« ¢ o « « »

Negativa Grid Voltage .
Before Conducticn . . . . « & ¢« & « « «
During Conduction . « + + & « &« -

Positive Grid Current, Average
{tveraging time = one cycle) . . . . .

Condensed Mercury Temperature Limits

ELECTRICAL DATA

Filament Voltage . . . . . . e e e a e e e

Filament Current at 2.5 Volts . . . . . .
Filament Heating Time Required . . . . . .
Anode to Grid Capacitance . . . . .« . ¢ .
Grid to Filement Capacitance . . . . . . .
Deionization Time, Approximate

Epp=1500 volts;Iy=16 amperes;. . . . . . .
Ege=-25 volts;THe=80C;Rg=20000 obns . . .

Tonization Time, Approximatez e e e e e
Epp=100 volts;THg=40C;Grid Overvoltagze=5

volts
Epp=100 volts;THg=80C;Grid Cvervoltiage=25 volts

P

.

Anode Voltage Drop . « o « ¢ v ¢ ¢ ¢ & ¢« 4 o «

Critical Grid Current at 220 Anode Volts .
MECHANICAL DATA

Typs of Cooling . « « « « & o « + ¢ s o «
Bquilibriuz Condensed Mereury Temperature
Rise Above Ambient
At Pull Load (approximate). . . . . . .
At No Load (epproximate). , + + « » «
Mounting Position . . . + ¢« ¢ + « ¢ o .

Net Weight, Approximate . . . . . . .

.

.

Hin,
2.37

L5

TR

Bogey
2.5
16

1.4

2500

75

15

. .

1500
1500

16

4
160

15

500
10

0.050

. . +30 to +70

Max,
2.62
17.5

25
15

volts
volts

amperes
amperes
amperes
seconds

volts
volts

ampere
centigrade

volts
amperes
seconds
uuf.
uunf.

microseconds
microseconds
microsecond

volts
microamperes

Conveetion

Centigrade
Centigrade

. Vertical - base down

8

Dimensions and pin comnections shown in cutline drawing on Page 4

ounces

1. Deionization time decreases with an increase in negative grid voliage
or with a decremse in (a) condensed mercury temperature (THg), (b) erid
resistance or {c) anode current immediately preceding the end of conduction.

2. Ionization time decraases with an inerease in (a) anode voltage, (b) condensed
Grid overvoltage is defined
as the magnitude by which the spplied voltage exceeds, in a positive direction,
the eritical grid voltage value. Critical grid voltege is the instantaneous
value of srid voltage at the time when anode current starts %o flom.

mercury temperaturs {THg)} or (e) grid overvoltags.
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TYPICAL CONTROL CHARACTERISTICS.
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A development of Bell Telephone Laboratories, the research laboratories of the
tmerjican Telephone and Telegraph Company and the Western Electric Company.
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BELL SYSTEM PRACTICES SECTION AB46. 355A
Transmission Engineering and Data Issue 2, October 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 355A ELECTRON TUBE

355A

DESCRIPTION

The 355A is a three-elech cury-vapor and gas-filled thyratron with

a negative co t?q%ncharact-ﬁl~tic. This tube is designed for regulated
or controlls @c Tiers.

Atage + o 0 b8 0 e e

VOLbEAEB + o o v o o v ¢ s ¢ 0 1 s 4 4 b e s 4 e e e e 350 volts
fathode Current

..................... L amperes

FILE:THYRATRON SECTION

(§) American Telephone and Telegraph Company 1962

355A
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MAXIMUH RATINGS, ABSOLUTE VALDZS

Peak Anode Voltage

IRVOTBO « « « v v o o o s = « 6 8 o o o o s o o s o o o o o s 350 volte
TFOIWALd = » « o o o o + o o o o o o s o o v s s o o v s o =« o« 350 volts

Cathode Current
PEBE » » v v o s s s e + e s s s s a v e e s s e e u s e e« 16 amperes

AVBTERE + « « o o o o o+ o o o ¢ 3 & s o 1 5 o s s s ¢ o o v = L amperes

Surge (maximum duration 0.1 sscomd) « . o o v o o o 0 4 oo o s 160 emperes

Averaging Time W vt e e e e e s ee e s et e e s s e e 15 seconds

Negative Grid Voltage

Before Conduction « o o o = o o + o o s o s 4 o s o s s s s o+ 100 volis
During Conduetion . « o ¢ v o o = ¢ o s 4 4 o e e w0 w0 e 0w 10 volts

Poaitive Orid Current, Average

(4veraging time = one 6¥Ela) .+ ¢ v s ¢ 4 s e 4 e e 0w e .. 0.050 smpere

Cendensed Mercury Temperature Limitel, . . . . . .. . . . =55 to +80 centigrade

ELECTRICAL DATA

Min. Bogey  Max.

Filament VoltAg2 . . + « o v v « « = o » o o « o 2237 2.5 2.62 volts

Filament Current at 2.5 Volts . « « + & ¢« o o v  ==== 16 17.5 emperes
Pilament Heating Time Required . . . . . . . . & 45 ~ee=  e==- geconds
Anode to Grid Capacitance . « « « ¢ « & « o ¢ & -——— 1., =--- uuf,
Grid to Filament Capacitamee . . . . . . . . . . —— 8 -e=e uuf.

Deionization Time, Approximate

Epyp=350 volts;Iy=16 anmperes;
Ece=-15 volts; THe=80C;Rg=20000 obhms . . . . ==-- 3000 ~--- ajerpseconds

Ionization Time, Approximate

Epp=100 volts:THg=40C;Grid Overvoltage=5 volts =---- 15 =---- microseconds

Epp=100 volts;THg=B0C;Grid Overvoltage=25 volts ---- 1 ---- microseconds
Anode Volbage Drop o v v v ¢ ¢ ¢ ¢ v o s ¢ s o 2  ==== 15 =---- volts
Critical Grid Current at 220 Anode Volts . . . . ====  ~e=w-- 5 microamperes

Change in Critical Grid Voltage at

350 Anode Volts from +20 to +80 THg . . . . . ===~ 0.2 ---- volt

MECHANICAL DATA

Type of CoOLIng « « + ¢ o « + o 2 o s o v o o o s ¢« s o a4 Convection
Bquilibrivm Condensed Meroury Temperature
Rise Above Ambient
At Full Load, Approximate .« « o « o o o o v s o o o o 25 centigrade
At No Load, Approximate . « « « « o o o ¢ o ¢ = ¢ o o 15 centigrade
Mounting Position . « v o v v ¢ s ¢ o 0 e e e s s s e e e Yertical - base down

Net Weight, Approximate . « « o o ¢« v ¢ v« v o s ¢ ¢ o »

. 8 ounces

Dimensions and pin conmections shown in outline drawing on Page 4

1,

2,

Por starting conditions only. Equilibrivm operation is limited to +20C
mrinimum condensed mercury temperaturs.

Deionization time decreasss with an increase in negative grid voltage

or with a decrease in {a) condensed mercury temperature (THg), (b) grid
resistance or (¢) anode current immediately preceding the end of conduction.
Tonization time decreases with an inerease ih (a) anode voltage, {b) condensed,
mercury temperature (THe} or (c) grid overvoltage. Grid overvoltage is
definsd as the magnitude by which the applied voltage exceeds, in a positive
direction, the eritical grid voltage value. Critical grid voltage is the
instantaneous value of grid voltage at the time when anode chirrent starts to
flow,
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TYPICAL CONTROL CHARACTERISTICS
SHADED AREA SHOWS RANGE OF CHARACTERISTICS
CONDENSED MERCURY TEMPERATURE - 55°TO +80°C
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-—3% MAX .—»

|- ANODE
) {C1-7 MEDIUM CAP)

n
2—

|
ol

MAX.

Nj—

|
1 -MERCURY
————— —L£ 3 [TEMPERATURE
MEASUREMENT
P zone

IJ 'U‘ ‘\\A4—I6
(INDUSTRIAL 4I2)
4 PIN BASE

FILAMENT NO CONNECTION

A development of Bell Telephone Laboratories, the research laboratories of the
American Telephone and Telegraph Company and the Western Electric Company.

PRINTED IN U.S.A.
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TRIODE

AMPLIFIER, OSCILLATOR OR MODULATOR

DESCRIPTION

The 357B is a three-electrode tube designed
for use as a radio-frequency amplifier or
oscillator, audio-frequency amplifier or
modulator. The anode is capable of dissi-
pating 400 watts. The tube is cooled by radi-
ation at frequencies below 40 megacycles.

MAXIMUM RATINGS

D-C Plate Voliage
D-C Plate Current .
Continuous Plate Dissipation .
D-C Grid Current

ELECTRON TUBE DATA SHEET
FILE: TRANSMITTING TUBE SECTION
6-47

©

Forced-air cooling of the envelope is neces-
sary at higher frequencies. The tube is ca-
pable of operating up to 100 megacycles at
maximum ratings and up to 150 megacycles
at reduced rarings. The cathode is a thori-
ated tungsten filament.

4000 volts
0.500 ampere
400 warts
0.100 ampere

- B

Western Efectric
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Filament Voltage . R
Filament Current at Bogey Voltage
Filament Starting Current
Filament Resistance, Cold
Amplification Factor

Conditions: I = 200 ma, F. =2 kv .
Interelectrode Capacitances

Grid-Plate

Grid-Filament

Plate-Filament .
Maximum Usable Cathode Current!

MECHANICAL DATA

Mounting Position
Type of Cooling® . e
Required Air Flow on Envelope
When Operated Above 40 Megacycles .
Maximum Incoming Air Temperature
Maximum Glass Temperature
Shock and Vibration

Ruggedness® (duration of 5 milliseconds) .

Natural Frequency of Elements
Place . Coe
Filament-Grid Structure

Net Weight, approximate

Min. Bogey Max.
9.5 10.0  10.5 vols
97 100 10.5 amperes
50 amperes
0.12 ohm

27 30 34

3.5 4.25 5.0 uuf
10.0 11.5 13.0 uuf
2.0 2.5 4.0 uuf

2.5 amperes

Vertical, plate terminal up
Radiation or forced-air

40 cfm
45 centigrade
200 centigrade

50 G
100 cycles

75 cycles
13 ounces

1. Represents maximum usable cathode current for mbe
as plaie current plus grid current for any condition of
operation.

. Radiation cooling is adequate when the tube is operated
below 40 megacycles and with a free circulation of air
around the tube. If operated in a confined space or at 2
frequency above 40 megacycles, forced-air cocling is
necessary. Satisfactory air cooling will be obrained from
a blower delivering approximately 40 cubic feet of air
per minute from a 2-inch dizmeter nozzle. The nozzle
outlet shouid be placed approximately 3 inches from the

~

tube and directed toward the central point of the enve-
lope, midway between the plate and grid terminals.

The plate terminal connector shall be of a design that
will readily conduct heat from the plate terminal.

. This test is equivalent to a JAN-IA Pendulum Bump
Tester 157 test. The dawa given represent the maximum
capabilities of the tube without electrical potentials ap-
plied and should not be construed 10 mean that the tube
is capable of withstanding 20 infinite number of shocks
of this magnitude.

W
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR—CLASS B
MAXIMUM RATINGS, ABSOLUTE VALUES

D-C Plate Voltage . . .

Signal D-C Plate Current?

Signal Plate Input’ |
Plate Dissipation®

TYPICAL OPERATION
Unless otherwise specified, values are for 2 tubes

CGs CCS
D-CPlate Voleage ., . . . . . . . . . . . . . . . . 2000 3500
D-CGridVoltage . . . . . . . . . . . . . ... =5 -—110
Peak A-F Grid-to-Grid Voltage . . . . . . . . . . . . 490 520
Zero Signal D-C Plate Current C e oo 0160 0120
Maximum Signal D-C Plate Cutrent . . . . . . . . . . 100 0.72
Effective Load Resistance, Plate-to-Plate . . . . . . . . . 4360 11500
Maximum Signal Driving Power, approximate ., . . . . . 500 35.0
Maximum Signal Power Qutput . . . . . . . . . . . . 1400 1840

RADIO-FREQUENCY POWER AMPLIFIER—CLASS B

Carrier conditions per tube for use with maximum medulation factor of 1.0

MAXIMUM RATINGS, ABSOLUTE VALUES

D-C Plate Voltage
D-C Plate Current
Plate Input

Plate Dissipation .

TYPICAL OPERATION

CCs
D-CPlate Voltage . . . . . . . . . . . . . . .. ... .. 2000
D-CGridVoltage . . . . . . . . . . . . .. ... ... . —60
Peak R-F Grid Voltage . . . . . . . . . . . . . . . . . .. 135
D-CPlate Current . . . . . . . . . . . . .. . . .. ... 0260
D-C Grid Current, approximate ., . . . . . . . . . . . . . . . 0100
Driving Power, approximate® . . . . . . . . . . . . . . 25
Power Qucput, approximate . . . . . . . . . . . . . . . . . 175

4. Averaged over zny audio-frequency cycle of sine wave form,

5. As high level modulator for 1000 watt transmitter. Total harmonics approxi-
mately 1.5% ac fuil output.

6. At crest of audio-frequency cycle with modulation factor of 1.0,

ELECTRON TUBE DATA SHEET
FILE: TRANSMITTING TUBE SECTION
6-47

CCcs

. 4000

0.50
1100
400

ccs
3000
—85
345
0.120
0.43
14700
13.5
850

CCs

. 4000
. 0.275

550
400

CCS
3500
—125
136
0.150
0.001
8.5
190

volts
ampere
watts
warts

volts
volts
voles
ampere
ampere
ohms
watts
watts

voles
ampere
watts
watts

volts
volts
volts
ampere
ampere
watts
watts
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PLATE MODULATED RADIO-FREQUENCY POWER AMPLIFIER—CLASS C TELEPHONY

Carrier conditions per tube for use with moximum modulation factor of 1.0

MAXIMUM RATINGS, ABSOLUTE VALUES

D-C Plate Voliage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Plate Input .

Plate Dissipation .

TYPICAL OPERATION

D-C Plate Volrage

D-C Grid Voltage . .

Peak R-F Grid Volrage

D-C Plate Current . e
D-C Grid Current, approximate .
Driving Power, approximate
Power Qutput, approximace

CCS
3000 volts
. =500 volts
. 0.400 ampere
. 0.100 ampere
1100 watts
235 wartts

CCS CCsS CCcs”
2000 3000 3000 volts

—~310 =320 =270 volis
535 520 420 volts
0.390  0.340  0.240 ampere
0.070 0.065 0.035 ampere
35 35 20 wartts
550 780 530 watts

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR—CLASS C TELEGRAPHY

Key-down conditions per tube without amplitude modulation®

MAXIMUM RATINGS, ABSOLUTE VALUES

D-C Plate Voltage
D-C Grid Voltage
D-C Piate Current
D-C Grid Current
Plate Input

Plate Dissipation .

TYPICAL OPERATION

D-C Plate Voltage

D-C Grid Volrage

Peak R-F Grid Voltage

D-C Plate Current .
D-C Grid Current, approximate .
Driving Power, approximate
Power Qutput, approximate

Maximum ratings applv up to 100 megacycles,
The tube may be operated at higher frequen-
cies provided the maximum values of plate
voltage and plate input are reduced according

Frequency . . .
ClassB. . . . . . . .
Class C, plate modulated .
Class C, unmodulated .

Percentage of maximum rated i:la;te'vo'ltége' aﬁd-pl.até iﬁpﬁt.

CCS
. 4000 volts
. —500 volts
. 0.500 ampere
. 0.100 ampere

1800 watts
400 watts
CCs CCs
2000 3500 volts
—200 —240 volts

445 460 volts
0.500  0.450 ampere
0.085 0.070 ampere

35 30 watts

780 1200 watts

to the tabulation below. Other maximum rat-
ings are not affected. Forced-air cooling of the
envelope with an air flow of approximately
40 cfm is required at these frequencies.

100 125 150 megacycles
100 85 70 per cent
100 75 50 per cent
100 80 60 per cent

=, For 500 watt broadcast transmitter application.
8. Modulation essentially negative may be used if the positive peak of the
envelope does not exceed 115 per cent of its unmodulated vaiue.
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ELECTRON TUBE DATA SHEET
FILE: TRANSMITTING TUBE SECTION

6-47
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125" MAX.—— ~—33]" + 008"
¥
b e—— PLATE
xr
531° MIN-
o
5§ MAX.

8" MAX.
x

. TgMIN.

500" MIN~ 531" MIN,
i L}
ot ¥y

I ' ‘ 11]
125" Max.—! ! . —.125" MAX,

406" + 008 I* - ~<331"+ 008"—PINS N2| & N3

FILAMENT

[

Note:

Base pin positions shall be
held to folerances such that
pins will fit ¢ flot - plote
gauge having ¢ thickness
of .250" with 2 holes of
391"  0005° dia. and
{hole of 469" O005" dia

ANl holes shall be located ; \/

on 0 1.938" £ 0005 dia. / !
eircle at specified centers. LGRID le— | 938"

A development of Bell Telephone Laboratories, the research laborarories of the

-~
%Srem EleCfrIc American Telephone and Telegraph Company and the Western Eleciric Company.

1 I—a—% PRINTED IN U S A. WECO-T2451



BELL SYSTEM PRACTICES AB46. 358A
Transmission Engineering and Data Issue 1, February 1962
Electron Tube Data A.T.& T.Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 358A ELECTRON TUBE

358A

DESCRIPTION

The 358A is a two-electrode, inert-gas-filled, cold cathode tube designed to
provide a visual signal for telephone work, When the tube is conducting, a glow will
appear near the surface of the negative electrode. If a d.c. voltage supply is used
the negative polarity should be applied to the upper electrode. The upper electrode
terminal may be identified by the adjacent circular dot of contrasting color on the
base. When the tube is operating with an alternating voltage a glow will appear on
both electrodes.

CHARACTERISTICS

Anode Breakdown Voltage, Maximum . . . . . . . 85 volts
Average Cathode Current. . . . . . . . . . . 7.5 10 18 milliamperes
Average Life, (approx. at above currents) . . . 35000 1000 100 hours

File: Cold Cathode Section

© American Telephone and Telegraph Company 1962 358A
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RATINGS, Absolute System (Note 1)

Cathode Currents

Maximum Peak . . . . . . . . . . . . .o e .0 55 milliamperes
Maximum Average. . . . . . v o+« 4 e e e e 18 milliamperes
Ambient Temperature Limits . . . . . . . . . . . . . -55 to +85° centigrade

ELECTRICAL DATA, Throughout Life (Note 2)

Min. Bogey Max.

inode Breakdown voltage. . - . - . . . . < . . . - 65 85 volts
Anode Voltage Drop- - - - - - - - . . . . . . . - 60 75 volts
Light Output at 15 mAde. . . . . . . . . . . . . - 0.6 - lumen

MECHANICAL DATA

Mounting Position e e e e e e e e e e e e e e e e e e
Dimensions and terminal connections shown in outline drawine on page 3.

APPLICATION DATA

This tube possesses a unique property not common to filamentary type lamps in
that its impedance is essentially infinite for voltages below breakdown. In some
applications this is an advantageous feature since the tube may be used to pass
current at®the higher potentials without placing a conducting path across the line
for signals of lower voltage.

Unlike filamentary type lamps the light output of this tube is proportional to

the current through the tube instead of varying as a power of this current. This
tube is well adapted to furnishing a visual signal from a varying voltage source.

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.

Note 2: When the tube is operating from a direct current supply, the upper electrode shall be used
as the cathode.
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BANDLING

This tube contains a small amount of Kkrypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The

marking includes the statement that

follows;

tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.

=1 485" MAX, |+—

7

1812 MAX.
1.719" MIN.

1.781" MAX,
—“.750"@1&‘

A=

|
-JW4_—F—2§MAx

" +.008;,
734" 100 e

nsWMAXrJ

FIG. |

A development of Bell Telephone lLaboratories,

LOWER
ELECTRODE

CIRCULAR COLORED
DOT BESIDE UPPER
ELECTRODE LEAD

the research laboratories of the American Telephone

and Telegraph Company and the Western Electric Company.

PRINTED IN U.S.A.



BELL SYSTEM PRACTICES SECTION AB46.359A
Transmission Engineering and Data Issue 3, June 1962

Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 359A ELECTRON TUBE

359A

DESCRIPTION

The 359A is a three-electrode, inert-gas-filled, cold cathode tube for use-‘T
primarily as a relay in communication circuits. It is also suitable for use in
control circuits such as in triggering, counting or switching apparatus and as a
visual indicator. This tube, by reason of small size and provision for wiring
directly into the circuits, may be used to advantage in equipment having limited_‘J
space for components.

CHARACTERISTICS

Peak Anode vVoltage, Maximum . - . . . - - . . . 165 165 voits
Average Cathode Current. . . . . . . . . . . . 4 40 milliamperes
Average Life, Approximate - . . . . -« . .« .+ . . 10000 10 hours

FILE: COLD CATHODE SECTION

Indicates a change-—-e—

@ American Telephone and Telegraph Company 1962

359A
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MAXIMUM RATINGS, Absolute System (Note 1)

r’—Peak Anode Voltage (Note 2)
Forward . . e e e e e e e e e e 165 volts .
Inverse . . e e e e e e e e e e 165 volts
Forward Cathode Current (Note 3)
Peak . . . P e s e e e e e e e e e e 40 milliamperes
AVETAZE . . « v ¢ v b e e e e e e e e e e 15 milliamperes
Averaging Time . . . . v e e e . 1 second
Peak Inverse Current, Anode or Starter (Note 3) e e e 1 milliamrere
Ambient Temperature Limits . . . + + « -55° to +85° centigrade
ELECTRICAL DATA (Throughout Life) Min. Bogey Max. .
Starter Breakdown Voltage (Notes 2 & 4) - . . - . 67 80 89 volts
Starter voltage Drop at 16 Milliamperes - . . . . 52 65 4 volts
Anode Voltage Drop at 10 Milliamperes v+« .+ . . BB 80 90 volts
Transfer Current . . . . .See curve, Figure 1 >
Required Transfer Current at 130 Anode VOlts .+ . 50 - - microamperes x
Deionization Time, Main Gap . . . e 1 - millisecond .
L’_Ion1zation Time, Starter Gap (Note 5) . 0.05 - millisecond
MECHANICAL: DATA
Mounting Positionm . - . - « .+ .« o« o o e . e 0 oo . . .« Any .

New Weight, Approximate. . . . .. 0 4 ounce
Dimensions and lead connections shown in outllne draw1ngs on page 4.

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five mierocuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manmer. .

—— Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes. .

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the .
serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values mey not, therefore, be attained simultaneously.

—3- Indicates a change
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TRANSFER CURRENT CHARACTERISTIC
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Note 2: Values apply with the tube exposed to light in the order of 5 to 30 foot-candles. Exposure<~l
to direct sunlight may reduce peak anode voltage rating by as much as 45 volts and starter
breakdown voltage by as much as 2 volts.

Note 3: Sufficient resistance must be used in series with the tube to assure that the electrode
currents do not exceed the maxiium rated valves.

Note 4: Limits apply immediately after the tube has conducted current. If the tube has been idle,
initielly these values may be as much as 3 volts higher or lower.

Note 5: With 15 volts starter overvoltage. This value applies with the tube exposed to light in the I

order of 5 to 30 foot-candles. In darkness, ionization time will increase to a bogey value
of 5 milliseconds.
—~— Indicates a change
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485 MAX.
K\ 465"MIN.
. . ANODE (BLAGK)
1750°+.125 CATHODE
(YEL LOW)
STARTER (RED)
.las"TAx.
VIEW A-
250"MAX. EWA-A
1.250" % 125" COLORED SLEEVES TO
EXTEND BELOW WAX
TRues
SURFAcEﬂ -ﬂ-.ous"ou.

1A A}

A development of Bell Telephone Laboratories, the research laboratories of the American Telephone
and Telegraph Company and the Western Electric Company.

PRINTED IN U.S.A.



BELL SYSTEM PRACTICES SECTION AB46.372A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, SEPTEMBER 1950
ELECTRON TUBE DATA A.T.&T. CO. STANDARD

372A

COLD CATHODE
Westerny Electric

DESCRIPTION

The 372A is a three-electrode, inert-gas-filled, cold cathode tube for use in relay,
voltage regulator, or rectifier circuits. This tube is especially suitable for use in control
. circuits such as in triggering, counting, or switching apparatus.

MAXIMUM RATINGS

Peak Anode Voliage ‘ . 150 volts
Average Cathode Current o 10 100 milliamperes
Average Life, approximate . . 10000 10 hours

. Transfer Current . . e 5 microamperes
ELECTRON TUBE DATA SHEET
1172‘4% COLD CATHODE SECTION 3 72 A

COLD CATHODE
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MAXIMUM RATINGS, Absolute Values

Forward Peak Anode Voltage
Forward Cathode Current
Peak . .
Average .
Averaging ‘Time
Peak Inverse Anode Current
Ambient Temperature Limits

ELECTRICAL DATA

Starter Breakdown Voltage*

Starter Voltage Drop at 20 milliamperes
Anode Voltage Drop at 20 milliamperes
Transfer Current at 130 Anode Volts (D.C.)

Deionization Time, approximate
Starter Gap
Main Gap

Inverse Current at —120 Volts Anode Potential®*

MECHANICAL DATA

Mounting Position
Net Weight, approximate

Min. Bogey Max.
62
52
68

5

—55 to +85

70
60
75

150 volts

milliamperes
milliamperes
seconds
milliamperes
centigrade

volts
volts
volts
microamperes

. milliseconds

milliseconds
milliamperes

1 ounce

* Limits apply immediately after mbe has conducted curreat. If tube has been idle,
these values initially may be as much as 3 volts higher or lower.
%= Negative anode voltage applied through 8,000 ohms, Starter connected to anode

through 100,000 chms.
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NOTES -
LLENGTH OF LEADS FROM END OF BASE
SHELL TO END OF SPADE 5+

2. TUBE SHIPPED WITH CORRUGATED
PAPER SHOCK PROTECTIVE SLEEVE
COVERING ENVELOPE AND PART OF

b BASE. SLEEVE SHOULD REMAIN ON

MAX, TUBE WHEN INSTALLED IN TELE-

2
SEE 5 PHONE SET APPLICATIONS
NOTE 3 3. THE .164-32 X = SCREW AILLOWS FOR
A . A MOUNTING ON A'BRAGKET 25 THICK.
i 1155 ) (SCREW NOT SUPPLIED WITH TUBE)

ELECTRON TUBE DATA SHEET
FILE: COLD CATHODE SECTION
12-47
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373A

PENTODE Western Electric

DESCRIPTION

The 373A is a filamentary type suppressor grid pentode. It is designed for use as an audio,
carrier or radio-frequency voltage amplifier, oscillator or modulator.

CHARACTERISTICS

Filament Voltage, A-C e 2.0 volts

Plate Current . . . . E, = E. = 150 volts; .. 2 milliamperes
Transconductance . . . Ey = —3 volts; E,, = 0 .. 1280 micromhos

ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION
s 373A

PENTODE
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GENERAL CHARACTERISTICS

ELECTRICAL DATA

Filament Voltage, A-C

Filament Current . ...

Direct Interelectrode Capacitances
Grid to Plate (maximum)
Input
Output .

MECHANICAL DATA

Cathode

Bulb

Base! .o
Mounting Position |

20 volts
250 milliamperes

0.07 vuf
59 uuf
5.0 uuf

Coated Filament
.. T1i
Short intermediate shell, 7-pin octal
Vertical — or horizontal with plane
of filament vertical.

Dimensions and pin connections shown in outline drawing on Page 4

MAXIMUM RATINGS, Design-Center Values

Plate Voltage . .
Screen Grid Voltage .
Plate Dissipation . .
Screen Grid Dissipation .

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

Filament Voltage, A-C .
Plate Voltage

Screen Grid Voltage
Control Grid Voltage
Suppressor Grid Voltage
Plate Current

Screen Grid Current .
Peak A-F Signal Voltage .
Plate Resistance
Transconductance

Load Resistance . ..
Power Output . . . .
Total Harmonic Distortion.

Control Grid Voltage, Approximat.e,
for 10 Microamperes Plate Current .

250 volts
150 volts
2 watts
045 watt
20 2.0 volts
150 250 volts
150 150 volts
-3 —3 volts
0 0 volts
20 2.1 milliamperes
047 045 milliampere
2 2 volts
L5 2,0 megohms

1280 1310 micromhos
100000 250000 ohms

120 160 milliwatts
85 7.8 percent
—70 —74 volts

1, Pin #6 is connected internally to pin #5 and is approximately 3/32 inch shorter
than the other pins to minimize noise when changing tubes while in service.
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PLATE CURRENT IN MILLIAMPERES

6.0

5.0

40

3.0

20

CONTROL GRID VOQLTAGE

TRANSCONDUCTANCE (g} IN MICROMHOS
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ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION

11-49

CONTROL GRID VOLTAGE

[ LT " HERN
| | E=20 vouTs, Ac g .|| E=20voumsac
E.,=0 VOLTS / 2 Ec,=0 VOLTS
)4 3
/‘ o 20
=
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CONTROL GRID VOLTAGE

PLATE RESISTANCE (rp) IN MEGOHMS
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6.0 [g;=2.0 vOLTS, AC. © E.,—135 VOLTS g 30
v T i w
g | Fovems T I ———— :
% Vs EC1 =0 g
= 2
2 40 2 20
E — z
2 3 / 5 Z
- 5 5
e If . 2
g 20 L2 ; o
: 1 10
5] , -
w — — 3 : J o
E 10 A ! - > 05
A 4 .‘ 2
i | i | J
0 40 80 120 160 200 240 "
PLATE VOLTAGE
’-<—-|%"MAX.—-
S / \
| PLATE
|
' ull
BULB
.
A FILAMENT
_‘Gu N
4 SCREEN GRID—
a (SHORT FIN)
= \
® 1\ (
"
' SCREEN GRID
{FULL LENGTH PIN)
} Y
i

. ! E=20 vOLTS, AC

i

Ec, =135 VOLTS

\|

. E,=0 VOLTS

N

80 120

160 200

PLATE VOLTAGE

4

B87-54 SHORT (NTERMEDIATE
SHELL OCTAL BASE.

Western Electric

FILAMENT

~PLANE OF

FILAMENT

240

SUPPRESSOR

GRID

A development of Bell Telephone Laboratories. the research laboratories of the
American Telephone and Telegraph Company and the Western Electric Company.

I-E-50-4

PRINTED IN U. §. A,

\—CONTROL GRID

T-2659



