




















Va c u u m Tu b e

ADVANCE ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 5847/404A ELECTRON TUBE

JLmAX,—H ̂MEASURED AT £e 1 O I A . O N B U L B

CATHOOE, SUPPRESSOR-
GRID a UPPER INTERNAL
S H I E L D .

5 8 4 7 / 4 0 4 A
M I N I A T U R E

P E N T O D E

€ 9 - 1 S M A L L B U T T O N
9 - P I N B A S E

DESCRIPT ION

T h i s t u b e i s a i r i i n i a t u r e p e n t o d e o f t h e u n i p c t e n t i a l c a t h o d e t y p e . I t i s d e s i g n e d f o r u s e
i n h i g h - g a i n a m p l i fi e r s a t h i g h a n d u l t r a - h i g h f r e q u e n c i e s .

MAXIMUM RATINGS (Design Center Values)

P l a t e Vo l t a g e
S c r e e n - G r i d V o l t a g e . . . .
PI ate Di ss i pat ion ......
S c r e e n - G r i d D i s s i p a t i o n
C a t h o d e C u r r e n t
H e a t e r - C a t h o d e Vo l t a g e .
G r i d R e s i s t a n c e
6 u I b Te m p e r a t u r e

1 8 0 v o l t s
1 5 0 v o l t s

3 w a t t s
0 . 7 5 w a t t

35 m iI I i ampe res
5 0 v o l t s

0. I me go hp!
1 2 0 ° C e n t i g r a d e

GENERAL CHARACTERISTICS

E L E C T R I C A L D ATA

H e a t e r Vo l t a g e , A - C o r D - C
H e a t e r C u r r e n t
D i r e c t I n t e r e I e c t r o d e C a p a c i t a n c e s

Grid to PI ate, Max i mum
I n p u t

O u t p u t

Wi thouT
E x t e r n a l

Sh i eId

Mi th
E x t e r n a l

Sh i eId
(RMA #315)

. 0 U
7 . I
2 . 9

6 - 3 v o l t s
300 mi I I i amperes

MECHANICAL DATA

C a t h o d e
Bu I b
B a s e
M o u n t i n g P o s i t i o n

Coated Un i potent i a
T 6 - 1 / 2
SmalI Button, 9-p i i
Any

OPERATING CONDfTlONS AND CHARACTERISTICS

Plate Supply Voltage
S c r e e n - G r i d S u p p l y Vo l t a g e
C o n t r o l G r i d Vo l t a g e
P l a t e C u r r e n t
S c r e e n - G r i d C u r r e n t
C a t h o d e R e s i s t o r
T r a n s c o n d u c t a n c e

^ O p e r a t i n g c o n d i t i o n s t o m i n i m i z e g a i n v a r i a t i o n s d u e t o s u p p l y v o l t a g e

1 5 0 160 v o l t s

150 1 6 0 v o l t s

0 4 8 . 5 v o l t s
13 1 3 Hi i 1 1 i ampe res

U . 5 U . 5 mI I 1 i ampe res
1 10 6 0 0 o h m s

12500 12500 m i cromhos

vo 1 tagie fl u c t u a t i o n s .

9 9 0













































BELL SYSTEM PRACTICES
Transmission Engineering and Data
E l e c t r o n T u b e D a t a

ADVANCE ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 411 A ELECTRON TUBE

SECTION ABL6.iaU
Issue 1, January, I9I49

A T & T C o S t a n d a r d

-î 'max- CATHOOE-
( Y E U O W )

.422* MIM-

-STARTER CATHOOfe
(GREEN)

THRU 18000 OHMS
R E S I S TA N C E

O PA Q U E
- C O AT I N G

O N B U L B

2i MAX

-Î '̂max-

.211" MIN._
SEE NOTE I

Na i27C0R0 '
T I P

I ^-"—STARTER ANOOE
(RED)

- A N O O E T H R U B 2 0 0 0 O H M S
' S L A C K ) R E S I S T A N C E

.l64"-32 X 4 SCREW-
SUPPLIED WITH TUBE
A L L O W S F O R M O U N T
ING ON A BRACKET

-̂̂ THICX

-DIMENSION "A"

ALL LEADS 11̂
M O U N T I N G
SURFACE'

- L O C AT I N G
P I N

VIEW SHOWING
MOUNTING DIMENSIONS

NOTE |: CLEARANCE DIMENSIONS TO APPLY
WITHIN DIMENSION "A* ONLY

DESCRIPTIOM

The UIIA Is a four-electrode, Inert-jas-f11 led. cold cathode tube for u

MAXIMUM RATINGS. Absolut. V.lues

a 9 a r o i a y *

Voltaoe, Forward or InverseAnode to Cathode
Anode to Starter Cathode
Cathode to Starter Cathode

Maxinun Cathode Current
P e a k J
A v e r a g e i * . ! ! i T . ! ! ! ! ! ! ! ; !Maxiflium Averaging Tine
Peak" Cathode Current
M a x i a u f fl  A v e r a g i n g '

Maximum Peak Inverse Current
Anode
Starter Anode

FrequencyAmbient Temperature Limits*!.'!!'.'!'*!""

I S O v o l t s
1 8 0 v o l t s
I S O v o l t s

100 mill iamperes
39 mi l l iamperes

2 s e c o n d s

1 0 m i l l i a m p e r e s
3 . 5 m i l l i a m p e r e s

2 s e c o n d s

5 mi 11iamperes
I mi I Ii ampere

VA ^ 52 cyc'«s/secondll0 to-l-SO centigrade

Electrics! and Mechanlcsl Data on reverse side

PA R e 1



SECTION ABU6,l4lU

E L E C T R I C A L D ATA

Starter Breakdown Voltage
Starter Voltage Drop at 3 Miliiaaperes
Anode Voltage Drop at ^ HHIianperes
Requ i red Trans fe r Cu r ren t a t 110 Anode Vo l t s D .C . '
Required Negative Cathode Transfer Voltage**
D e i o n i z a t i o n T i a e , A p p r o x i a a t e

Starter Gap
Main Cap

H i n . Bogey M a x .

6 3 7 0 8 5
5 0 6 0 7 0
5 6 7 0 8 0

6 0 0
U5 • • • .

MECHANICAL DATA

M o u n t i n g P o s i t i o n
N e t We i g h t , A p p r o x i a a t e Any

1 . 3 o u n c e s

•node'-^sUrter'ctthode'gap"**'" ■"<><'« * starter cathode gap to the

IlthodU'lIIII IrfC'f'n "»f f®«<«ctlon fro* the anode - starter catbsOe gap to the anode -2?!* ! I'O ■iniaapere flowing frow anode to starter cathode. Voltage measuredw i t h r e s p e c t t o s t a r t e r c a t h o d e .

4 I I A I S S U E I 8 - S 0 - 4 S

Page 2
2 Pages

P m N T C O I N U . S . A .



Va c u u m Tu b e

ADVANCE ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 412 A ELECTRON TUBE

-f-MAX.-

2-|- MAX.

2-|-MAX.

-MEASURED AT-ĵ DIA,
O N B U L B

^ 412A
M I N I A T U R E
F U L L - W A V E

R E C T I F I E R

H E A T E R — I I — N O C O N N E C T I O N

C AT H O D E
(SECTION 2)

NO CONNECTION

PLATE (SECTION 2)

E9-I SMALL BUTTON
9 - P I N B A S E

DESCRIPTION

M i n i a t u r e . F u I I - W a v e R e c t i fi e r

MOUNTING

Th is tube may be mounted in any pos i t ion

MAXIMUM RATINGS (Design Center Values)

C AT H O D E
(SECTION I)

N O C O N N E C T I O N

PLATE (SECTION I)

P e a k I n v e r s e Vo l t a g e

P e a k P l a t e C u r r e n t p e r P l a t e

D - C O u t p u t C u r r e n t

D - C H e a t e r - C a t h o d e P o t e n t i a l

1 2 5 0 v o l t s

3 0 0 m i l l ! a m p e r e s

100 m1 I l i ampe res

H 5 0 v o l t s

GENERAL CHARACTERISTICS

ELECTRICAL DATA

H e a t e r V o l t a g e 6 . 3 v o l t s

H e a t e r C u r r e n t

MECHANICAL DATA

C a t h o d e

Bu I b

B a s e

TYPICAL OPERATION WITH CONDENSER INPUT F ILTER

A-C Pla te Vol ta .ge per P la te (RMS)

D-C Output Current

D - C O u t p u t Vo l t a g e a t I n p u t F i l t e r , A p p r o x i m a t e

To t a l E f f e c t i v e P l a t e S u p p l y I m p e d a n c e p e r P l a t e

F i I t e r I npu t Condenser

C o a t e d U n i p o t e n t i a l

T 6 - 1 / 2

Sma l I bu t t on 9 -p i n

3 0 0 v o l t s

9 0 m i I I i a m p e r e s

3 U 0 v o l t s

1 5 0 o h m s

U m i c r o f a r a d s

9 9 2



















BELL SYSTEM PRACTICES
Transmission Engineering and Data
E l e c t i ' o n T u b e D a t a

SECTION ABU6.J+11;A
Issue 1, May, I9I1.9

A T & T C o S t s m d a r d

ADVANCE ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 414 A ELECTRON TUBE

4 1 4 A
AAlNIATURd

P E N T O D E

IJmax
M̂AX.

- M E A S U R E D A T
7/16" DIA. ON BULB

H E A T E R

CATHODE, / 3* *53" SUPPRESSOR GRlO-f̂  -h
Q a INTERNAL SHIELD

C O N T R O L G R I D

E 7 - I M I N I AT U R E
BUTTON 7 -P IN BASE

D E S C R I P T I Q K

The UlUA i\s a miniature pentode with an indirectly ^^eated catr.oce,

MAXIMUM RATINGS (Des icn Center Va lues)

P l a t e Vo l t a g e
Sc reen-Gr id Vo l tage . . . .
PI ate 0 i ss i cat ion
S c r e e n - G r i d D i s s i p a t i o n
C a t h o d e C u r r e n t . . . . . . . .
H e a t e r C a t h o d e V o l t a ' o e .

Pu I b Temre ra tu re

P L A T E

S C R E E N G R I D

CATHODE,
SUPPRESSOR GRID
a INTERNAL SHIELD

1 0 0 v o l t s
l U O V D l t S

1 . 7 w a t t s
0 . 5 w a t t

I c m i I I i a m o e r e ;

9 0 v o l t s
120^^ c€P t i c rade

GENERAL CHARACTERISTICS

E L E C T R I C A L D ATA

H e a t e r Vo l t a g e , A - C o r D - C
H e a t e r C u r r e n t
D i r e c t I m e r e I e c t r o d e C a p a c i t a n c e s

P l a t e t o G r i d , M a x i m u m
I n p u t

Ou tpu t

6 . 3 v o l t s
I 50 n i I I i ampe res

W i t h o u t W i t h

E x t e r n a 1 E x t e r n a 1
S h i e l d Sh ie 1 d

( R M A f r ' a i G )
0 . 0 2 • 0 . 0 1 2 u u f
U , l • i | . 3 u u f
2 . 0 • 2 . 9 u u f

M E C H A N I C A L D ATA

C a t h o d e

Pu I b
B a s e

Mount i ng Pos i t ion

C o a t e d U n i p o t e n t i a l

1 5 - 1 / 2
M i n i a tu re Su t ton , 7 -p i n

A n y

• E x t e r n a l s h i e l d ( R M A # 3 1 6 ) c o n n e c t e d t o c a t h o d e s - p i n s # 2 a n d i t l ,

O p e r a t i n g C o n d i t i o n s u n c i C h a r a c t e r i s t i c s o n R e v e r s e S i d e



OPERATING CONDITIONS AND CHARACTERISTICS

6 0 v o l t sS c r e e n - 6 r , d V o l t a fl e g O
C a t h o d e R e s i s t o r g , Q

U . 3 m i l l i a m p e r e s- c r e . n - 6 r i d C o r r e n t , . 5 „ i , , i 3 „ p e r e s
P l a t e R e s i s t a n c e 0 , 3 5
T r a n s c o n d u c t a n c e 2 7 5 0 m i c r o m h o s
brid Voltage (approximate) for ID Microamperes Plate Current -9.5 volts

W |Ef=6.3 VOLTS
Ec= 60 VOLTS-

" I \ f
-Ec.= -1. =6 .3 VOLTS

PLATE VOLTAGE CONTROL GRID VOLTAGE

U a , 4

Ef=6.3 VOLTS
6 0 V O LT S

Ef=6.3 VOLTS

PLATE VOLTAGE CONTROL GRID VOLTAGE

Ef=6.3 VOLTS

» 2.4
- | 5 0 0 0 p

U J . l l - l f t r t

Ef=6.3 VOLTS

r y

w g m
W l i f



































BELL SYSTEM PRACTICES
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

S E C T I O N A B 4 6 . 4 2 0 A
I s s u e 2 , J u n e 1 9 6 2
A . T . & T . C o . S t a n d a r d

E L E C T R O N T U B E D ATA S H E E T

W E S T E R N E L E C T R I C 4 2 0 A E L E C T R O N T U B E

D E S C R I P T I O N

T h e 4 2 0 A e l e c t r o n t u b e i s a d o u b l e - t r i o d e h a v i n g s e p a r a t e i n d i r e c t l y h e a t e d
cathodes. The heater is center-tapped to permit operation from a 6.3 or 12.6 volt
filament supply. This tube has been designed for use in d-c amplifier circuits where
tube requirements include a high order of mechanical and thermionic stabil i ty as
w e l l a s l o n g l i f e e x p e c t a n c y .

CHARACTERIST ICS

H e a t e r V o l t a g e
Plate Current (each section) \
Transconductance (each section)/

6 . 3 v o l t s

Eh = 110 volts; Ep - -0.6 volt 10.15 milliampereI 500 micromhos

F I L E : M I N I AT U R E S E C T I O N

American Telephone and Telegraph Company 1962

I n d i c a t e s a c h a n g e



4 2 0 A

BELL SYSTEM PRACTICES
Transmission Engineering and Data
E lec t r on Tube Da ta

SECTION ABA6.A20A
Issue l ,May 1951
A*T*& T» Co» Standard

A D V A N C E E L E C T R O N T U B E D A T A S H E E T

WESTERN ELECTRIC 420A* ELECTRON TUBE

_MEASURED AT
D I A M E T E R O N B U L B

H E A T E R -

— G R I D

( S E C T I O N I )

2j|MAX.

i{|max.

B U L B

G R I D
(SECTION 2)

C AT H O D E
( S E C T I O N 2 ) -

. 9 j - l .' i§^32
P L A T E '

(SECTION 2)

- C A T H O D E
(SECTION I)

P L A T E
"(SECTION I)

H E A T E R
( C E N T E R - TA P )

V I E W A - A

• E 9 - I R M A S M A L L B U T T O N
9 - P I N B A S E

D E S C R I P T I O N

The 5755A20A* is a double-triode amplifier tube having separate indirectly heated
cathodes. The heater is center-tapped to permit operation from a 6.3 or 12.6 volt
filament supply. This tube has been designed for use in d-c amplifier circuits
where tube requirements include a high order of mechanical and thermionic stabili
ty as well as long life expectancy.

CHARACTERISTICS

H e a t e r Vo l t a g e
Plate Current (each section)
Transconductance (each section]

6 . 3 v o l t s

Eb-llO volt3;Eo—0.6 volt milliampere^ 500 micromhos

9 9 3



Va c u u m Tu b e

5 7 5 5 A 2 0 A » PA G E 2

GENEf lAL CHARACTEf l3STIC£

E L E C T R I C A L D ATA

H e a t e r Vo . l t a g e
H e a t e r C u r r e n t

D i r e c t I n t e r e l e c t r o d e C a p a c i t a n c e s

Gr id to p late (each sect ion) -
Input (each sect ion)
Output (Section #1)
Output (Section ;j^2)
P l a t e 1 t o P l a t e 2
G r i d 1 t o P l a t e 2

G r i d 2 t o P l a t e 1

360
w i t h o u t

e x t e r n a l s h i e l d

1 2 , 6 v o l t s

I P G m i l l i a m p e r c

withiexternal ̂

MECHANICAL DATA

C a t h o d e C o a t e d U r

B u l b - T 6 - 1 / 2
B a s e S m a l l B u i

M o u n t i n g P o s i t i o n A n y
Dimensions and pin connections shown in outline drawing on Page U

C o a t e d U n i p o t e n t i a l

T6-1/2
S m a l l B u t t o n 9 - p i n
Any

MAXIMUM RATINGS, Design Center Values a c h S e c t i o n

P l a t e V o l t a g e
P l a t e D i s s i p a t i o n
P l a t e C u r r e n t

H e a t e r - C a t h o d e V o l t a g e

2 2 5 v o l t s

0 . 9 w a t t
U r a i l l i a m n e r e s

7 0 v o l t s

T Y P I C A L O P E R AT I N G C O K D I T I C N S A N D C H A R A C T E R I S T I C S . D - C / i / I P L I F I E R

(Values are for each section unless otherwise specified)
H e a t e r S u p p l y Vo l t a g e
H e a t e r B a l l a s t R e s i s t o r
P l a t e S u p p l y Vo l t a g e
Cathode Bias Resistor (Cathodes tied together)
P l a t e - C u r r e n t

Grid Current (max.)
P l a t e R e s i s t a n c e

L o a d R e s i s t a n c e

T r a n s c o n d u c t a n c e

A m p l i fi c a t i o n F a c t o r
Balaneel
S t a b i l i t y ^ - *

l i l l
1 2 . 6 v o l t s

3 5 o h m s
3 1 0 v o l t s

150,000 ohms
0 . 1 5 m i l l i a m p e r e
lO"'̂  ampere
O.IA megohm

0.9 megohm
5 0 0 m i c r o m h o s

7 0
0 . 3 v o l t

5 m i l l i v o l t s

(a) With external shield ,f315 connected to cathode pin of section under test.
(b) With external shield #315 connected to ground with other elements.

S e e c i r c u i t - F i g . 1

9 9 4







4 2 1 A

E L E C T R O N T U B E D A T A S H E E T

WESTERN ELECTRIC 5998^ ELECTRON TUBE

DESCRIPTION

The 5998/i!*2IA» is a double triode having separate indirectly heated cathodes.
I t i s i n t e n d e d f o r u s e a s a s e r i e s t u b e i n r e g u l a t e d r e c t i fi e r c i r c u i t s .

CEARACTERIST ICS

H e a t e r Vo l t a g e
Plate Current per Section /Ebb " HO volts;

: ion \Tr a n s c o n d u c t a n c e p e r S e c t i Ri; - 65 ohms '1:::
6 . 3 v o l t s
1 2 5 m i l l i a m p e r e s

2 0 0 0 0 m i c r o m h o s

9 9 7



Va c u u m Tu b e

5998/Wli - PAGE 2

GENERjJ . CHARACTERISTICS

E L E C T R I C A L D ATA

H e a t e r Vo l t a g e
H e a t e r C u r r e n t

6 . 3 v o l t s
2 . i a m p e r e s

MECHAHICAL DATA

C a t h o d e - - - - - - - - - - -
B u l b

B a s e - - - - - - - - - - - - -

M o u n t i n g P o s i t i o n - - - - - -
D i m e n s i o n s a n d P i n C o n n e c t i o n s

- - C o a t e d U n i p o t e n t i a l
ST 16

Medium 8-pin octal
Any

S e e O u t l i n e d r a w i n g p a g e k

MAXIMUM RATIHGS, Design-Center Values (Each Triode]

P l a t e V o l t a g e - - - - -
P l a t e D i s s i p a t i o n - - •
C a t h o d e C u r r e n t - - - -

Heater-Cathode Voltage^
Bulb Temperature^ - - -

2 5 0 v o l t s

1 3 w a t t s
1 2 5 m i l l i a m p e r e s
1 5 0 v o l t s

2 0 0 ® C e n t i g r a d e

M a x i m u m G r i d C i r c u i t R e s i s t a n c e f o r C a t h o d e B i a s - - 0.1 megohm

OPERATING CONDITIONS AND CHARACTERISTICS (Each Triode)

P l a t e S u p p l y Vo l t a g e - -

C a t h o d e B i a s R e s i s t a n c e

P l a t e C u r r e n t - - - - -

A m p l i fi c a t i o n F a c t o r - -
P l a t e R e s i s t a n c e - - - -

T r a n s c o n d u c t a n c e - - — 1 8 0 0 0 2 0 0 0 0 m i c r o m h o s

Note 1: For optimum life expectancy the heater-cathode voltage should not
exceed 90 volts and forced-air cool ing should be provided. The air
flow should be sufficient to keep the bulb temperature below 150®C.

9 9 8



PAGE 3 - 5998A21A



Vacuum Tubes
4 2 1 A

5998/A21A - PAGE k

-B8 - I I MEDIUM
SHELL OCTAL BASE

A development of Bel l Te lephone Laborator ies, the research laborator ies of
the American Telephone and Telegraph Company and the Western Electric Company



4 2 2 A

E L E C T R O N T U B E D A T A S H E E T

W E S T E R N E L E C T R I C 4 2 2 A E L E C T R O N T U B E

P g S C R I P T I O N

T h e h 2 2 A i s a d o u b l e d i o d e w i t h i n d i r e c t l y h e a t e d c a t h o d e s . I t i s u s e d a s
a f u l l w a v e r e c t i fi e r t o s u p p l y d i r e c t c u r r e n t f r o m a n a l t e r n a t i n g c u r r e n t s o u r c e .

C H A R A G T m S T I C S

H e a t e r V o l t a g e - - - - - -
K a i i m u m P e a k I n v e r s e Vo l t a g e
Max imum D-C Outpu t Cur ren t -

5 v o l t s

1 8 0 0 v o l t s
AOO mi l l i amperes

F I L E : R E C T I F I l ® S E C T I O N
I S S U E 2 9 - 5 2

1001



Va c u u m Tu b e

W2A-Page 2

GENERAL CHARACTERISTICS

ELECTRICAL DATA

H e a t e r Yo l t a g e
H e a t e r C u r r e n t

M E G H M I C A L D A T A

! 5 v o l t s

3 amperes

C a t h o d e - - - - - - - - - - - - - - - - - - — - - - C o a t e d u n i p o t e n t i a l
B u l b S T 1 6
B a s e - - - - - - - - - - - - - - - - - - - - - - - - - M e d i u m S h e l l O c t a l

M o u n t i n g P o s i t i o n - - - - - - - - - — - — - - — A n y
Dimensions and pin connections shown in outlined drawing on page A.

RATINGS.Des ign-Center Ya lues

M a x i m u m P e a k I n v e r s e Y o l t a g e - - - - - - - - - - -
Maximum Steady State Peak Plate Current per Plate
M a x i m u m Tr a n s i e n t P e a k P l a t e C u r r e n t p e r P l a t e - -
Maximum A-C Plate Supply Yoltage per Plate - -
Maximum Steady State D-C Output Current per Plate
Minimum Effective Plate Supply Impedance per Plate
Tube Yoltage Drop ( at 300 milliamperes per plate )
Maximum Bulb Temperaturel
TYPICAL OPERATING CONDITIONS

F u l l W a v e R e c t i fi e r

A - C P l a t e S u p p l y Yo l t a g e p e r P l a t e - -
I n p u t C a p a c i t o r - - - - - - - - - - - - - - - -
I n p u t C h o k e ( m i n i m u m ) - - - - - - - - - - - - -
Effective Plate Supply Impedance per Plate
D - C O u t p u t C u r r e n t - - - - - - - - - - —
D - C O u t p u t Y o l t a g e - - - - - - - - - - - - - - -

- 1 8 0 0 v o l t s

0.9 ampere
k amperes

S e e r a t i n g c h a r t
S e e r a t i n g c h a r t

1 0 0 o h m s
2 6 v o l t s

1 5 0 c e n t i g r a d e

I n p u t T o F i l t e r
C a p a c i t o r C h o k e

3 8 5 A 5 0A 5 0 v o l t s
m i c r o f a r a d s

10 hen rys
o h m s

3 5 0 m i l l i a m p e r e s
3 6 0 v o l t s

RATING CHART
PERMISSIBLE D-C LOAD CURRENT PER PLATE

VS RMS SUPPLY VOLTAGE PER PLATE
CO 220

■■ i S i a M i ?

^ R M ' S ^ P P L Y ^

N o t e : O p e r a t i n g p o i n t f o r c a p a c i t o r i n p u t t o fi l t e r m u s t b e w i t h i n t h e l o w e r
cross-hatched area designated "Capacitor or Choke Input" while that for
c h o k e i n p u t t o fi l t e r m u s t b e a t s o m e p o i n t w i t h i n e i t h e r c r o s s - h a t c h e d
a r e a .

1 0 0 2
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Kote 1 : Tempera tu re l im i t g i ven i s tha t requ i red to ob ta in op t imum tube l i f e .
Forced-a i r coo l ing i s necessary to meet th is l im i t . Max imum permiss ib le
bu lb temperature is 200 cent igrade.

CHOKE INPUT FILTER

Ê = 5.0 VOLTS
L = 10 HENRYS

_ R.M.S. VOLTS
„ PER PLATE
>0'——r-|—I—
.5001
- X 4 5 0 1
= ^400— Ij350
= = f 3 0 0

d 800-

t 7 0 0

<
CO

^ 500
9> 4 0 0

^ 300
O

V 2 0 0 .

8 0 1 2 0 1 6 0 2 0 0 2 4 0 2 8 0 3 2 0 3 6 0 4 0 0 4 4 0 4 8 0
0 - C L O A D C U R R E N T I N M I L L I A M P E R E S

CAPACITOR INPUT FILTER

Ê=5.0 VOLTS
C = 10 MP

TO TA L E F F E C T I V E P L AT E S U P P LY

IMP̂ ANCE PER ̂ ATE=IOOOHMS
"j—m-vsoo 1111111V _ R M . S . V O L T S

■"=K550 PER PLATE

0 4 0 8 0 1 2 0 1 6 0 2 0 0 2 4 0 2 8 0 3 2 0 3 6 0 4 0 0 4 4 0 4 8 0
D-C LOAD CURRENT IN MILLIAMPERES

1 0 0 3



Vacuum Tubes
4 2 2 A

A22A-Pag0 U

»2iLMAX.-
-jl|MAX. h-

i'® ! STI6BULB

"1-^
5||MAX

-/ /-B8-II MEDIUM SHELL
8 - P I N O C TA L B A S E

J P

HEATER A -NO CONNECTION

NO CONNECTION • -HEATER a CATHODE

P L A T E #

NO CONNECTION^

^NO CONNECTION

- P L A T E # 2

lOOOl

Ep= 5.0 VOLTS

4 0 0

2 0 0

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0
D-G PLATE VOLTS

A d e v e l o p m e n t o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f t h e
American Telephone and Telegraph Company and the Western Electric Company.

T 2 7 2 0



B S L L S Y S T E M P R A C T I C E S S E C T I O N A B A 6 . A 2 3 A
T r a n s m i s s i o n E n g i n e e r i n g a n d D a t a I S S U E 3 , D E C E M B E R 1 9 5 2
E l e c t r o n T u b e D a t a A . T . & T . C o . S T A N D A R D

E L E C T R O N T U B E D A T A S H E E T

WESTERN ELECTRIC 423A*ELECTRON TUBE

DESCRIPTION

Tbe 6lA0/A23A*is a two-electrode inert-gas fi l led cold cathode tube designed
p r i m a r i l y f o r u s e a s a v o l t a g e r e f e r e n c e t u b e . T h i s t u b e h a s c h a r a c t e r i s t i c s
w h i c h a r e e x c e p t i o n a l l y s t a b l e w i t h l i f e a n d w i t h v a r i a t i o n s i n a m b i e n t
t e m p e r a t u r e .

C H A R A C T E R I S T I C S

C a t h o d e C u r r e n t A t o 8 m i l l i a m p e r e s
A n o d e V o l t a g e D r o p 1 0 0 v o l t s
R e g u l a t i o n , M a x . ( A t o 6 M i l l i a m p e r e s D - C ) 0 . 7 5 v o l t

FILE; COLD CATHODE SECTION
ISSUE 3, 11-52

423A*
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RATINGS, A b s o l u t e V a l u e s

C a t h o d e C u r r e n t , F o r w a r d
8 m i l l i a m p e r e s
A m i l l i a m p e r e s

M a x ! m u m 0 . 0 m i l l i a m p e r e

A m b i e n t ^ 6 0 c e n t i g r a d e

E L E C T R I C A L D ATA
M i n . B o g e y M a x ,

A n o d e B r e a k d o w n V o l t a g e 1 3 5 1 6 0 v o l t s

Anode Voltage Drop at 6 Milliamperes (D-C)^. . 99 100 1 0 3 v o l t s

R e g u l a t i o n ( A t o 6 M i l l i a m p e r e s , D - C ) . . . . . 0 . 3 0 . 7 5 v o l t

Temperature Sensit ivity of Anode Voltage Drop
v o l t / cA n o d e C u r r e n t , A M i l l i a m p e r e s ( D - C ) . . . . - 0 . 0 1 —

A n o d e C u r r e n t , 8 M i l l i a m p e r e s ( D - C ) . . . . - 0 . 0 2 — v o l t / c
0 . 1 v o l t

S t a b i l i t y 3 — 0 . 0 5 0 . 2 v o l t

MECHANICAL- DATA

M o u n t i n g P o s i t i o n Any
N e t W e i g h t , A p p r o x i m a t e 0 . 3 o u n c e

B u l b . T 6-1/2
B a s e . Smal l Butto i 9-pin

N o t e 1 : These values are for new tubes. Anode voltage drop w i l l s t a b i l i z e
w i t h i n 3 m i n u t e s a f t e r s t a r t i n g . T h e s t a b i l i t y c h a r a c t e r i s t i c
s h o u l d b e c o n s i d e r e d d u r i n g t u b e l i f e .

N o t e 2 : T h e a n o d e v o l t a g e d r o p v a r i a t i o n d u r i n g a s h o r t p e r i o d o f t i m e
(one to ten minutes), with the tube operating at one value of current
and temperature wi th in i ts rat ings, wi l l not exceed the a b o v e s t a t e d
m a x i m u m v a l u e .

N o t e 3 : T h e d r i f t o f a n o d e v o l t a g e d r o p o v e r a p e r i o d o f 1 0 0 0 h o u r s , w i t h t h e
tube operat ing at one value of current and temperature within i ts
r a t i n g s , w i l l n o t e x c e e d t h e a b o v e s t a t e d m a x i m u m v a l u e .

N o t e A ; P i n s m a r k e d " N O C O N N E C T I O N " s h o u l d n o t b e c o n n e c t e d t o a n y p o r t i o n
o f a n e x t e r n a l c i r c u i t . F a i l u r e t o o b s e r v e t h i s p r e c a u t i o n m a y r e s u l t
i n i m p r o p e r o p e r a t i o n o f t h e t u b e .
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B U T T O N 9 - P I N B A S E

NO CONNECTION

N O C O N N E C T I O N

CATHODE

C AT H O D E

NO CONNECTION

NO CONNECTION

ANODE

ANODE

NO CONNECTION

SEE NOTE 4 ON PIN CONNECTIONS
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B E L L S Y S T E M P R A C T I C E S
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

S E C T I O N A B 4 6 . 4 2 3 C
I s s u e 1 , D e c e m b e r 1 9 6 2
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 423C ELECTRON TUBE

D E S C R I P T I O N

T h e 4 2 3 C i s a t w o - e l e c t r o d e i n e r t - g a s fi l l e d c o l d c a t h o d e t u b e d e s i g n e d
primarily for use as a voltage reference tube. This tube has characteristics which
a r e e x c e p t i o n a l l y s t a b l e w i t h l i f e a n d w i t h v a r i a t i o n s i n a m b i e n t t e m p e r a t u r e .

C H A R A C T E R I S T I C S

C a t h o d e C u r r e n t
Anode Vo l t age D rop
Regulat ion at 4 to 6 mil l iamperes d-c (Note

4 t o 8 m i l l i a m p e r e s
I C Q v o l t s

5 -page 3) . . ! . . 0 .75 vo l t

P i l e : C o l d C a t h o d e S e c t i o n

@ American Telephone and Telegraph Company 1962
4 2 3 C
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RATINGS, Absolute System (Note i)

C a t h o d e ( h i r r e n t . F o r w a r d
M a x i m u m
M i n i m u m

M a x i m u m I n v e r s e A n o d e ( h i r r e n t
A m b i e n t Te m p e r a t u r e L i m i t s * •

8 m i l l i a m p e r e s
4 m i l l i a m p e r e s

0 . 0 m i l l i a m p e r e
- 5 5 t o + 6 0 c e n t i g r a d e

ELECTTRICAL DATA, Throughout Life

Anode Breakdown Vo l tage
Anode Voltage Drop(Etd)at 6 Milliamperes(D-C)Note 2
Regulation (4 to 6 Mill iamperes, D-C) (Note 5) • • •
Te m p e r a t u r e S e n s i t i v i t y o f A n o d e Vo l t a g e D r o p

Anode Chirrent, 4 Mill iamperes (D-C)
Anode Current, 8 Mil l iamperes (D-C)

Fluctuat ion(Note 3) • •
Average Ionization Time (Note 4)

M i n . B o g e y M a x .

. - 1 3 5 1 6 0 v o l t s
• 9 9 1 0 0 1 0 3 v o l t s
• • • 0 . 3 0 . 7 5 v o l t

• - 0 . 0 1 - v o l t / c
• — - 0 . 0 2 - v o l t / c
• - 0 . 0 2 0 . 1 v o l t
. - 4 . 0 6 . 0 m i l l i s e c o n d s

MECHANICAL DATA

M o u n t i n g P o s i t i o n A n y
N e t W e i g h t , A p p r o x i m a t e 0 . 3 o u n c e
B u l b T 6 %
B a s e S m a l l B u t t o n 9 p i n
Dimensions and connections shown in outline drawing on page 4.

L I F E D ATA

Regulation (4 to 6 mAdc) after lOOO hours at 5 mAdc (Note 5). . . . See Figure l
Drift in Anode Voltage Drop (E^.^) in lOOO hours at 5 mAdc See Figure 2

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.

A tomic Energy Commiss ion regu la t ions requ i re tha t the ind iv idua l tube car ton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s ;

T u b e s t o b e d i s p o s e d o f s h o u l d b e b r o k e n o r c r u s h e d i n a w e l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
a t m o s p h e r e . T h e r e s i d u a l b r o k e n o r c r u s h e d t u b e s s h o u l d b e d i s
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
l o c a t i o n . A v o i d b r e a t h i n g v a p o r s f r o m b r o k e n t u b e s .

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.



P A G E 3 - 4 2 3 C

R E G U L AT I O N A F T E R 1 0 0 0 H O U R S
5 m A d c L I F E

n — I I I I I I I I I n
F I R S T S A M P L E D A T A

LIFE LOTS I I 12 60 TO on 61 /
1 5 2 T U B E S S T U D I E D /

: R E P R E S E N T I N G 2 8 0 0 0
TUBES TO STOCK K

O * "
Z e n
< 3 0 . 5
- J z

5 ^
0 . 3

E

1 2 1 0 3 0 5 0 7 0 9 0 9 8 9 9
P E R C E N T O F U N I T S B E L O W O R D I N AT E VA L U E

F I 6 . I

D R I F T O F A N O D E V O L T A G E O V E R 1 0 0 0 H O U R S
5 m A d c L I F E

o :

S 1.0
z
o

q :
z u j 0 . 5
- a .

• o O

F I R S T S A M P L E D A T A

LIFE LOTS 11 3Sr 60 TO 12 n 62
1 3 5 T U B E S S T U D I E D

R E P R E S E N T I N G 2 8 0 0 0

T U B E S T O S T O C K

5 0 7 0 8 0 9 0 9 5 9 8 9 9 9 9 . 8
P E R C E N T O F U N I T S B E L O W O R D I N A T E V A L U E

F I G . 2

Note 2: These values are for new tubes. Anode voltage drop will stabilize within 3 minutes after
s t a r t i n g .

Note 3: The anode voltage drop variation during a short period of time (one to ten minutes), with
the tube operat ing at one value of current and temperature within i ts rat ings, wi l l not
e x c e e d t h e a b o v e s t a t e d m a x i m u m v a l u e .

Note 4: With 15 volts overvoltage (15 volts above Anode Breakdown Voltage) with tube in total
darkness. Average of 10 measurements taken at 1 second in terva ls .

Note 5r Regulation is defined to be Anode Voltage Drop (E.j.jj) at 6 mAdc minus Anode Voltage Drop
(E|.jj) at 4 mAdc.



4 2 3 C - P A G E 4

9 - P I N B A S E

>
NOTE: PINS MARKED IC (INTERNAL CONNECTION) SHOULD NOT BE CONNECTED TO ANY

PORTION OF AN EXTERNAL CIRCUIT. FAILURE TO OBSERVE THIS PRECAUTION
M AY R E S U LT I N I M P R O P E R O P E R AT I O N O F T H E T U B E .

A d e v e l o p m e n t o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f t h e A m e r i c a n Te l e p h o n e
and Telegraph Company and the Western Electric Company.

P R I N T E D I N U . S . A .



BELL SYSTEM PRACTICES
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

S E C T I O N A B 4 6 . 4 2 5 A
I s s u e 4 . J u n e 1 9 6 2
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 425A ELECTRON TUBE

D E S C R I P T I O N

T h e 4 2 5 A i s a f o u r - e l e c t r o d e , i n e r t - g a s fi l l e d c o l d c a t h o d e t u b e f o r u s e a s a
r e l a y d e v i c e . T h e t u b e i s p r o v i d e d w i t h a n a n o d e - c a t h o d e g a p a n d a s t a r t e r a n o d e -
s t a r t e r c a t h o d e g a p s u c h t h a t i s o l a t i o n o f t h e c o n t r o l ( s t a r t e r g a p ) a n d c o n t r o l l e d
( m a i n g a p ) p o r t i o n s o f a c i r c u i t m a y b e o b t a i n e d .

T h i s t u b e i s d e s i g n e d w i t h a n i n t e g r a l s p e c i a l m o u n t i n g b r a c k e t . I t i s a v a i l
a b l e i n a n e l e c t r i c a l l y e q u i v a l e n t , s o c k e t m o u n t i n g f o r m , a s t h e 4 5 1 A .

C H A R A C T E R I S T I C S

P e a k A n o d e V o l t a g e 1 8 0 1 8 0
A v e r a g e S t a r t e r C a t h o d e C u r r e n t 0 . 7 7 . 0
A v e r a g e M a i n C a t h o d e C u r r e n t 5 . 0 5 0
A v e r a g e L i f e , A p p r o x i m a t e ' - 1 0 0 0 0 1 0

v o l t s -

m i l l i a m p e r e s
m i l l i a m p e r e s

h o u r s

F I L E : C O L D C A T H O D E S E C T I O N

— I n d i c a t e s a c h a n g e
American Telephone and Telegraph Company 1962

4 2 5 A
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MAXIMUM RATINGS, Absolute System (Note i)

Peak Voltage, Forward or Inverse
A n o d e t o a l l O t h e r E l e c t r o d e s 1 8 0
C a t h o d e t o a l l O t h e r E l e c t r o d e s 1 8 0

-Cathode Current (Note 2)
P e a k 5 0
A v e r a g e 2 0
A v e r a g i n g T i m e 2

S t a r t e r C a t h o d e C u r r e n t ( N o t e 2 )
P e a k 7
A v e r a g e 2 . 5
A v e r a g i n g T i m e 2

• P e a k I n v e r s e C u r r e n t ( N o t e 2 )
A n o d e 5
S t a r t e r A n o d e . • ' 1

A m b i e n t T e m p e r a t u r e L i m i t s - 5 5 ® t o + 8 5 '

v o l t s
v o l t s

m i l l i a m p e r e s
m i l l i a m p e r e s

s e c o n d s

m i l l i a m p e r e s
m i l l i a m p e r e s

s e c o n d s

m i l l i a m p e r e s
m i l l i a m p e r e s

c e n t i g r a d e

ELECTRICAL DATA, Throughou t L i fe

Starter Breakdown voltage(Note 3)
S ta r te r Vo l tage Drop a t 2 .5 M i l l i amperes . . .
Anode Vo l tage Drop a t 10 Mi l l iamperes . . . .

-Transfer Current (Note 4)
Negative Cathode Transfer Voltage (Note s). . .
Ionizat ion Time, Starter Gap (Approx.) (Note 6).
De ion iza t i on Time , Ma in Gap (Approx . ) . . . .

M i n . B o g e y M a x .

6 7 8 0 9 0 v o l t s
5 5 7 0 7 5 v o l t s
5 8 7 0 8 0 v o l t s

See Curve, Figure 3, Page4
- 2 5 - 4 0 v o l t s

5 - m i l l i s e c o n d s
1 - m i l l i s e c o n d

MECHANICAL DATA

M o u n t i n g ( N o t e 7 ) A n y p o s i t i o n
N e w W e i g h t , A p p r o x i m a t e 0 . 7 o u n c e
D i m e n s i o n s a n d C o n n e c t i o n s S e e o u t l i n e d r a w i n g o n p a g e 4

H A N D L I N G

T h i s t u b e c o n t a i n s a s m a l l a m o u n t o f k r y p t o n - 8 5 g a s w h i c h i s a b y - p r o d u c t
rad ioac t i ve ma te r ia l . The amoun t o f k ryp ton -85 i s l ess than five ra i c rocu r ies , wh ich
i s t o o s m a l l a n a m o u n t t o r e q u i r e a n y s p e c i a l c a r e i n u s e .

A tom ic Ene rgy Commiss i on r egu la t i ons r equ i r e t ha t t he i nd i v i dua l t ube ca r t on
f o r t u b e s c o n t a i n i n g b y - p r o d u c t r a d i o a c t i v e m a t e r i a l b e a p p r o p r i a t e l y m a r k e d . T h e
mark i ng i nc l udes t he s ta temen t t ha t t ube d i sposa l shou ld be i n app roved manne r.

A p p r o v e d i n s t r u c t i o n s f o r d i s p . o s a l o f t u b e s c o n t a i n i n g k r y E t o n - 8 5 a r e a s
f o l l o w s :

Tubes t o be d i sposed o f shou ld be b roken o r c rushed i n a we l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
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
locat ion. Avoid breath ing vapors f rom broken tubes.

— ^ I n d i c a t e s a c h a n g e
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CURRENT-LIFE CHARACTERISTIC
A V E R A G E L I F E E X P E C T A N C Y

C AT H O D E T R A N S F E R

V O LTA G E

C H A R A C T E R I S T I C

M A I N C A T H O D E
C U R R E N T

S TA RT E R C AT H O D E '
C U R R E N T

1 0 2 0 3 0 4 0 5 0

M A I N C A T H O D E C U R R E N T

2 . 0 4 . 0 6 . 0 8 . 0 1 0 . 0
S T A R T E R C A T H O D E C U R R E N T

CURRENT IN MILLIAMPERES D.C.

- 4 0 - 3 0 - 2 0

CATHODE TRANSFER VOLTAGE IN VOLTS D.C.
( W I T H R E S P E C T T O S TA R T E R C AT H O D E )

F I G . 2

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.

N o t e 2 : S u f fi c i e n t r e s i s t a n c e m u s t b e u s e d i n s e r i e s w i t h t h e t u b e d i s c h a r g e p a t h s t o a s s u r e t h a t -
t h e e l e c t r o d e c u r r e n t s d o n o t e x c e e d t h e i r m a x i m u m r a t e d v a l u e s .

N o t e 3 : L i m i t s a p p l y i m m e d i a t e l y a f t e r t h e t u b e h a s c o n d u c t e d c u r r e n t . T h e s e v a l u e s m a y b e i n i t i a l l y
as much as 3 vo l t s h ighe r o r l ower i f t he tube has been id le .

N o t e 4 : To a s s u r e t r a n s f e r o f c o n d u c t i o n f r o m t h e s t a r t e r a n o d e - s t a r t e r c a t h o d e g a p t o t h e a n o d e -
s t a r t e r c a t h o d e g a p .

N o t e 5 : To a s s u r e t r a n s f e r o f c o n d u c t i o n f r o m t h e a n o d e - s t a r t e r g a p t o t h e a n o d e - c a t h o d e g a p w i t h
1 . 5 m i l l i a m p e r e s fl o w i n g f r o m a n o d e t o s t a r t e r c a t h o d e . C a t h o d e v o l t a g e i s m e a s u r e d w i t h
r e s p e c t t o s t a r t e r c a t h o d e .

N o t e 6 : W i t h 1 5 v o l t s s t a r t e r o v e r v o l t a g e ( 1 5 v o l t s a b o v e S t a r t e r B r e a k d o w n Vo l t a g e ) a n d w i t h t h e
t u b e i n t o t a l d a r k n e s s .

N o t e 7 : T u b e i s p e r m a n e n t l y m o u n t e d o n p l a s t i c a n g l e b r a c k e t . P i n c o n n e c t i o n s a r e t e r m i n a t e d i n
fl e x i b l e c o n n e c t o r l e a d s .

- Ind ica tes a change





BELL SYSTEM PRACTICES
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

A B 4 6 . 4 2 6 A
I s s u e 4 , J a n u a r y 1 9 6 2
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 426A ELECTRON TUBE

D E S C R I P T I O N

T h e 4 2 6 A i s a t h r e e - e l e c t r o d e i n e r t - g a s - fi l l e d m i n i a t u r e c o l d c a t h o d e t u b e f o r
u s e i n r e l a y , v o l t a g e r e g u l a t o r o r r e c t i fi e r c i r c u i t s . T h i s t u b e i s e s p e c i a l l y
s u i t a b l e f o r u s e i n c o n t r o l c i r c u i t s s u c h a s i n t r i g g e r i n g , c o u n t i n g o r s w i t c h i n g
a p p a r a t u s .

C H A R A C T E R I S T I C S

P e a k A n o d e Vo l t a g e • • •
Average Ca thode Cur ren t •
A v e r a g e L i f e , A p p r o x i m a t e

1 8 0 v o l t s
7 . 5 6 0 m i l l i a m p e r e s

1 0 0 0 0 1 0 h o u r s

P i l e : C o l d C a t h o d e S e c t i o n

@ American Telephone and Telegraph Company 1962 4 2 6 A



4 2 6 A - PA 6 E 2

MAXIMUM RATINGS. Absolute System (Note i)

Fo rwa rd Peak Anode Vo l t age
F o r w a r d C a t h o d e C u r r e n t ( N o t e 2 )

P e a k

A v e r a g e
Av e r a g i n g T i m e

Peak Inverse (Current (Note 2)
A n o d e
S t a r t e r

A m b i e n t Te m p e r a t u r e L i m i t s - •

L 8 0 v o l t s

6 0 m i l l i a m p e r e s
3 0 m i l l i a m p e r e s

2 s e c o n d s

- 5 5 t o + 8 5

m i l l i a m p e r e s
m i l l i a m p e r e

c e n t i g r a d e

ELECTRICAL DATA, Throughout L i fe
M i n . B o g e y M a x .

S t a r t e r B r e a k d o w n Vo l t a g e - 6 5 7 2 8 5 v o l t s
Starter Voltage Drop at 3 Mil l iamperes (Note 3) . . . - 5 3 6 3 7 2 v o l t s
Anode Voltage Drop at 10 Milliamperes (Notes 4 & 5). . . 6 3 6 9 7 5 v o l t s
T r a n s f e r C u r r e n t S e e F i g u r e 1 , Page 3
I o n i z a t i o n T i m e , S t a r t e r G a p ( N o t e 6 ) 1 0 - m i l l i s e c o n d s
D e i o n i z a t i o n T i m e , M a i n G a p 6 - m i l l i s e c o n d s
I n v e r s e C u r r e n t a t - 1 2 0 Vo l t s A n o d e P o t e n t i a l ( N o t e 7 ) . - 3 m i l l i a m p e r e s

MECHANICAL DATA

M o u n t i n g ( N o t e 8 ) A n y P o s i t i o n
N e t W e i g h t 0 . 7 O u n c e
D i m e n s i o n s a n d c o n n e c t i o n s s h o w n i n o u t l i n e d r a w i n g o n p a g e 4 .

HANDLING

Th i s t ube con ta i ns a sma l l amoun t o f k r yp ton -85 gas wh i ch i s a by -p roduc t
rad ioac t ive mater ia l . The amount o f k ryp ton-85 is less than five mic rocur ies , wh ich
is too small an amount to require any special care in use.

A tomic Energy Commiss ion regu la t ions requ i re tha t the ind iv idua l tube ca r ton
fo r t ubes con ta in i ng by -p roduc t r ad ioac t i ve ma te r i a l be app rop r i a te l y marked . The
mark ing inc ludes the s ta tement tha t tube d isposa l shou ld be in approved manner.

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s ;

Tubes to be d isposed o f shou ld be b roken o r c rushed in a we l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
atmosphere. The res idual broken or crushed tubes should be d is
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
locat ion. Avoid breathing vapors from broken tubes.

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.

N o t e 2 : S u f fi c i e n t r e s i s t a n c e m u s t b e u s e d i n s e r i e s w i t h t h e t u b e t o a s s u r e t h a t t h e e l e c t r o d e
c u r r e n t s d o n o t e x c e e d t h e m a x i m u m r a t e d v a l u e s .



P A G E 3 - 4 2 6 A

TRANSFER CURRENT IN MICROAMPERES DC.
FIG. I

UCURRENT-LIFE CHARACTERISTIC
1 AVE RASE LIFE EXPECTANCY j

0 1 0 2 0 3 0 4 0 5 0 6 0
CATHODE CURRENT IN MILUAMPERE8 DJC.

FIG. 2

A N O D E V O LTA G E — A N O D E C U R R E N T
(TYPICAL)

§ - 40
H .

- 1 0 0 1 0 2 0 3 0 4 0 5 0 6 0

ANODE CURRENT IN MILLIAMPERES D.C.
F I G . 3

Note 3: Starter voltage oscillations of approximately 1 to 10 kilocycles and 12 volts peak-to-peak
will be present at starter current values below 0.05 milliampere.

Note 4: Approximately 95% of tubes will be within limits of ± 2.8 volts from the bogey value

Note 5: Anode voltage osci l lat ions of approxiniately 5 to 20 ki locycles and 3 volts peak-to-peak
w i l l b e p r e s e n t a t a n o d e c u r r e n t s w i t h i n t h e r a t i n g s .

Note 6: With 15 volts starter overvoltage (15 volts above starter breakdown voltage) with tube in
t o t a l d a r k n e s s .

Note 7: Negative anode voltage applied through 8000 ohms. Starter connected to anode through 100,000
o h m s .

Note 8: Tube is permanently mounted on a plastic angle bracket. Pin connection are terminated in
fl e x i b l e c o n n e c t o r l e a d s .



4 2 6 A - PA 6 E 4

U J

i 60

STARTER VOLTAGE—STARTER CURRENT
(TYPICAL)

. 0 5 0 . 1 0 . 5
STARTER CURRENT IN MILLIAMPERES D.C.

FIG. 4

2 . 0 3 D

O P A Q U E O R
T R A N S L U C E N T
C O A T I N G O N
G L A S S B U L B

*127 CORD TIP

STARTER (RED) - THRU
120,000 OHMS RESISTANCE

6 . 5 0 0 " i . 2 5 0 "

. 1 7 2 M A X .• ' 7 ® . 2 5 0 " ± . 0 I 6 '

.422" i .OS l '

C A T H O D E
(YELLOW)'

i.000"+25tf^=^3-
. 6 8 8 "
■ 1.031"

A N O D E J ^ V M i( B L A C K ) V I ; I O " - i- i - 6 . 5 0 0 " + . 2 5 0 " - = 1 ^ ^
.219" i.008" 1.188" MAX.—^
\ V I E W A - A

OF .I20"t;®2|" DIA. MOUNTING H0LE-*6 SELF TAPPING
S C R E W S H A L L B E S U P P L I E D W I T H A L L T U B E S E X C E P T

^ THOSE FOR TELEPHONE SET ASSEMBLY.

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

P R I N T E D I N U . S . A .



B E L L S Y S T E M P R A C T I C E S

Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

S E C T I O N A B 4 6 . 4 2 7 A
I s s u e 3 , O c t o b e r 1 9 6 2
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 427A ELECTRON TUBE

•

<
*

= >' S
X

O J u l J
Q
<
z

D E S C R I P T I O N

The 427A i s a t h ree -e lec t rode i ne r t - gas -fi l l ed co ld ca thode tube des igned fo r
use as a vo l t age regu la to r and has cha rac te r i s t i c s wh i ch a re excep t i ona l l y s t ab le
w i t h l i f e a n d w i t h v a r i a t i o n i n a m b i e n t t e m p e r a t u r e . T h e t h i r d e l e c t r o d e i s p r i
m a r i l y a s t a r t i n g e l e m e n t .

C H A R A C T E R I S T I C S

C a t h o d e C u r r e n t
Anode Voltage Drop (E^^j)
Regulat ion at 5 to 40 rai l l iamperes d-c (Note

5 t o 4 0 m i l l i a m p e r e s
1 0 0 v o l t s

6 ) ± 1 . 5 v o l t s

P i l e : C o l d C a t h o d e S e c t i o n

@ American Telephone and Telegraph company 1962
4 2 7 A



4 2 7 A - PA 6 E 2

RATINGS, Absolute System (Note i)

Cathode Current, Forward
M a x i m u m .
M i n i m u m

S t a r t e r C u r r e n t , F o r w a r d
Max imum
Minimum (Note 2)

M a x i m u m I n v e r s e S t a r t e r o r A n o d e C u r r e n t -
A m b i e n t Te m p e r a t u r e L i m i t s

4 0 m i l l i a m p e r e s
5 m i l l i a m p e r e s

0 . 0
- 5 5 t o + 8 5

5 m i l l i a m p e r e s
0 . 5 m i l l i a m p e r e
0 . 0 m i l l i a m p e r e
+ 8 5 c e n t i g r a d e

E L E C T R I C A L D ATA
M i n . B o g e y M a x .

A n o d e B r e a k d o w n V o l t a g e - 1 6 5
Anode Voltage Drop (E^d) at 40 Milliamperes, (D-C)(Note 3) . . 99 100 103
Regula t ion (5 to 40 Mi l l iamperes, D-C) (Notes 4 & 6) . . . . - -0 .3 ±1,5
S t a r t e r B r e a k d o w n V o l t a g e 1 1 5 1 2 5 1 3 5
S t a r t e r V o l t a g e D r o p a t 5 M i l l i a m p e r e s , ( D - C ) 1 0 0 1 1 0 1 2 0
T r a n s f e r C u r r e n t . S e e C u r v e - F i g u r e l
Temperature Sensi t iv i ty, Anode Vol tage Drop
A n o d e C u r r e n t , 5 m i l l i a m p e r e s ( D - C ) - - 0 . 0 0 7
A n o d e ( X i r r e n t , 4 0 m i l l i a m p e r e s ( D - C ) - — 0 . 0 0 4

L I F E D A T A

S t a r t e r B r e a k d o w n V o l t a g e ( M a x . ) a f t e r 5 0 0 h o u r s a t 4 0 m A d c 1 3 5 v o l t s
Regulation (5 to 40 mAdc) after 500 hours at 40 mAdc (Note 6). . See Figure 3, Page 4
Drift in Anode Voltage Drop (E^^) in 500 hours at 40 mAdc. • See Figure 2 and Note 5

MECHANICAL DATA

M o u n t i n g P o s i t i o n
Net Weight, Approximate
B a s e
B u l b
Dimensions and connections shown in outline drawing on page 4.

HANDLING

Th i s t ube con ta ins a sma l l amoun t o f k r yp ton -85 gas wh i ch i s a by -p roduc t
rad ioac t ive mater ia l . The amount o f k ryp ton-85 is less than five microcur ies , wh ich
is too small an amount to require any special care in use.

A t o m i c E n e r g y C o m m i s s i o n r e g u l a t i o n s r e q u i r e t h a t t h e i n d i v i d u a l t u b e c a r t o n
fo r t ubes con ta in ing by -p roduc t rad ioac t i ve ma te r ia l be app rop r ia te l y marked . The
mark ing inc ludes the s ta tement tha t tube d isposa l shou ld be in approved manner.

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s ;

T u b e s t o b e d i s p o s e d o f s h o u l d b e b r o k e n o r c r u s h e d i n a w e l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
a t m o s p h e r e . T h e r e s i d u a l b r o k e n o r c r u s h e d t u b e s s h o u l d b e d i s
p o s e d o f i n a n o r m a l p u b l i c t r a s h d i s p o s a l s y s t e m . Tu b e s s h o u l d b e
d i s p o s e d o f a t a r a t e o f n o t m o r e t h a n 1 0 0 e a c h w e e k f r o m a n y o n e
l o c a t i o n . A v o i d b r e a t h i n g v a p o r s f r o m b r o k e n t u b e s .

Any
0 . 4 O u n c e

Smal l But ton 9-p in
T6-1 /2



P A G E 3 - 4 2 7 A

jte 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.

t»te 2: The minimum starter current requirement applies only when the tube is operated for extended
periods (hundreds of hours) between starting operations to assure maintaining starter
b r e a k d o w n a n d t r a n s f e r c u r r e n t c h a r a c t e r i s t i c s .

Note 3: These values are for new tubes. Anode voltage drop will stabilize within 3 minutes after
s t a r t i n g .

""te 4: Continuous operation at a current value in the low portion of the operating range for an
extended period (hundreds of hours) may result temporarily in regulation exceeding the
s t a t e d v a l u e s .

Note 5: The drift of anode voltage drop improves with operating life. After 1000-2000 hours oper
ation the drift of anode voltage drop per 1000 hours will not exceed 0.3 volt.

Note 6: Regulation is defined to be Anode Voltage Drop (C^^) at 40 mAdc minus Anode Voltage Drop
(E^-j) at 5 mAdc.

T R A N S F E R C U R R E N T C H A R A C T E R I S T I C S

M A X I M U M

O
> 1 2 0

r T Y P I C A L -

4 0 8 0 1 2 0 1 6 0 2 0 0
T R A N S F E R C U R R E N T I N M I C R O A M P E R E S

F I G . I

D R I F T O F A N O D E V O L T A G E O V E R 5 0 0 H O U R S
4 0 m A d c L I F E

^ !3 ' 0
> a c

i S !
, O 0.5

o
U J - o

< 1 0.3

FIRST SAMPLE DATA 1
L I F E L O T S 6 B C S O T O 9 m 6 1

1 9 9 T U B E S S T U D I E D
R E P R E S E N T I N G 5 0 0 0 0 /

T U B E S T O S T O C K

q :

2 0 ' 1 2 1 0 3 0 5 0 7 0 9 0 9 8 9 9

P E R C E N T O F U N I T S B E L O W O R D I N AT E VA L U E

F I G . 2



4 2 7 A - P A 6 E 4

R E G U L A T I O N A F T E R 5 0 0 H O U R S
4 0 m A d c L I F E

o
" D
< + . 6
E

i n
-I- . 4

» -
<

T 3 + . 2
z uT
o

( 0
3 0

< Z

3 s
. 2o

L U o

( T
* o
<
E . 4

O

. 6
H
<

2 - . 6
uT

F I R S T S A M P L E D A T A I
L I F E L O T S S B C 6 0 T O S B 6 1

1 9 5 T U B E S S T U D I E D
— R E P R E S E N T I N G 4 8 0 0 0 " —

TUBES TO STOCK i /

1 2 1 0 3 0 5 0 7 0 9 0 9 8 9 9

P E R C E N T O F U N I T S B E L O W O R D I N AT E VA L U E

F I G . 3

T 6 t
B U L B

2.188"
M A X .

M E A S U R E D A T . 4 3 8
D I A . O N B U L B

A N O D E

1.562" ±.094"

N U M E R A L S A R E F O R
R E F E R E N C E O N LY

\ /— CATHODE
A N O D E

— S T A R T E R

A | i '

C A T H O D E

- E 9 - I S M A L L B U T T O N
9 P I N B A S E

V I E W A - A

■ C AT H O D E

NOTE: PINS MARKED IC (INTERNAL CONNECTION) SHOULD NOT BE CONNECTED TO ANY
PORTION OF AN EXTERNAL CIRCUIT. FAILURE TO OBSERVE THIS PRECAUTION
MAY RESULT IN IMPROPER OPERATION OF THE TUBE.

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

P R I N T E D I N U . S . A .



B E L L S Y S T E M P R A C T I C E S

Transmiss ion Eng ineer ing and Data
E l e c t r o n T u b e D a t a

A B 4 6 . 4 2 9 A
I s s u e 3 , F e b r u a r y, 1 9 6 1
A . T. & T. C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 429A ELECTRON TUBE

D E S C R I P T I O N

The 429A is a beam pentode of the indirectly heated cathode type. The
tube was designed, initially, for use in the #2 and #9B Telegraph Service
Board Circuits. It is also suitable for use as an audio-frequency amplifier.

C H A R A C T E R I S T I C S

H e a t e r V o l t a g e 2 0 v o l t s
P I Q + fi .P l a t e C u r r e n t

T r a n s c o n d u c t a n c e
4 l m i l l i a m p e r e s

6 6 0 0 m i c r o m h o s

F i l e : G e n e r a l P u r p o s e S e c t i o n
D a t a S h e e t I s s u e 3 , 2 - 6 1

©American Telephone and Telegraph Company, 1961

4 2 9 A



4 2 9 A - P A 6 E Z

G E N E R A L C H A R A C T E R I S T I C S

E L E C T R I C A L D A T A

Heater Voltage (Note l)
H e a t e r C u r r e n t
Direct Interelectrode Capacitances (v/lthout ext

Grid to Plate (maximuin)
I n p u t
O u t p u t

M E C H A N I C A L D A T A

2 0 v o l t s
1^1-0 milliamperes

ernal shield y)
1 . 5
8.5 ptif
5 . 0 p p f

C a t h o d e • •
B u l b . . . .

B a s e * • . •

M o u n t i n g P o s i t i o n

C o a t e d u n i n o t e n i

B u t t o n S t e m 9 - P i n

MAXIMUM RATINGS, Absolute System (Note 2)

P l a t e V o l t a g e
S c r e e n G r i d V o l t a g e
P l a t e C u r r e n t
P l a t e D i s s i p a t i o n
S c r e e n G r i d D i s s i p a t i o n
Hea te r -Ca thode Vo l tage
Bu lb Tempera ture

2 7 5 v o l t s
1 5 0 v o l t s

75 ma
1 2 . 0 w a t t s

2 . 0 w a t t s

1 3 0 v o l t s
130®Cent igrade

M A X I M U M C I R C U I T V A L U E S

G r i d C i r c u i t R e s i s t a n c e ;
F o r F i x e d B i a s
F o r C a t h o d e B i a s .

0 . 1 m e g o h m s
0 . 3 m e g o h m s

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

P l a t e V o l t a g e
S c r e e n G r i d V o l t a g e . . . . .
C o n t r o l G r i d Vo l t a g e
P e a k A - F G r i d V o l t a g e . . . .
Z e r o S i g n a l P l a t e C u r r e n t
M a x i m u m S i g n a l P l a t e C u r r e n t , .
Z e r o S i g n a l S c r e e n G r i d C u r r e n t
M a x i m u m S i g n a l S c r e e n G r i d C u r r e n t
Transconductance (Note 3, See Page k
P l a t e R e s i s t a n c e
L o a d R e s i s t a n c e

k l m a
43 ma

2 . 0 m a

3»5 ma
6600 umh

3 7 0 0 0 o h i r

Note 1: For optimum life, the heater voltage should be regulated to within
± 2% of the rated value.

Note 2: In the "Absolute System" the maximum ratings specified are limiting
values above which the serviceability of the tube 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.



FIG. I

- 2 8 - 2 4 - 2 0 - 1 6 - 1 2 - 8 - 4

C O N T R O L G R I D V O LTA G E
FIG. 3

1 2 0 1 6 0 2 0 0 2 4 0 2 8 0 3 2 0
P L AT E V O LTA G E

FIG. 2

■ M f W M p n a

1 0 0 0

50000 I

40000|
3 0 0 0 0 u

200002

- 1 0 - 9 - 8 - 7 - 6 - 5 - 4 - 3 - 2 - I 0
CONTROL GRID VOLTAGE

F i a 4

i i c a t e s a c h a n g e

- 2 0 - 1 6 - 1 2 - 8

C O N T R O L G R I D V O LTA G E
FIG. 5
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T h e 4 2 9 A t u b e i s c o n s i d e r e d t o h a v e r e a c h e d t h e e n d o f u s e f u l l i
when one o r more o f the fo l l ow ing cond i t i ons occur under the co r
ditions shown: a) The transconductance decreases to 65^ of the
typical value shown, b) The change in transconductance exceeds
30^ when the heater voltage is reduced 10^, c) The grid current
exceeds 5 microamperes. To obtain optimum life the equipment
should be capable of tolerating this order of tube parameter
d e g r e d a t i o n .

T h e s e c u r v e s r e p r e s e n t e l e c t r i c a l c h a r a c t e r i s t i c s e x h i b i t e d b y
t y p i c a l t u b e s . W h i l e i t i s e x p e c t e d t h a t c h a r a c t e r i s t i c s w i l l
be centered around the bogey values shown by the curves, individ
t u b e s w i l l d e v i a t e t o s o m e e x t e n t f r o m t h e s e v a l u e s . T h e s h a d e d
areas (unless stated otherwise) are intended to define the appro
i m a t e l i m i t s o f s u c h d e v i a t i o n .



BELL SYSTEM PRACTICES
Transmiss ion Eng ineer ing and Data
E l e c t r o n T u b e D a t a

AB46.430A
I s s u e 2 , A p r i l 1 9 5 6
A . T. S s T. C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 430A ELECTRON TUBE

D E S C R I P T I O N

The 14-30A is a three-electrode, inert-gas-filled, cold cathode tube for use in relay,
v o l t a g e r e g u l a t o r o r r e c t i fi e r c i r c u i t s . T h i s t u b e i s m e c h a n i c a l l y a n d e l e c t r i c a l l y
i d e n t i c a l t o t h e 3 1 3 C e x c e p t t h a t i t h a s a m u c h f a s t e r s t a r t e r g a p i o n i z a t i o n t i m e .
T h e t u b e i s e s p e c i a l l y s u i t a b l e f o r u s e i n f a s t s w i t c h i n g c i r c u i t s .

M A > C I M U M R AT I N G S

P e a k A n o d e V o l t a g e I 8 5 v o l t s
A v e r a g e C a t h o d e C u r r e n t 1 0 1 0 0 m i l l i a m p e r e s
A v e r a g e L i f e , A p p r o x i m a t e 1 0 , 0 0 0 1 0 h o i u r s

F i l e : C o l d C a t h o d e S e c t i o n
I s s u e 2 , A p r i l 1 9 5 6

4 3 0 A



1»30A - page 2
M A X I M U M R AT I N G S , A b s o l u t e Va l u e s

Fo rwa rd Peak Anode Vo l t age . . ,
Forward Cathode Cur ren t^

P e a k . . ,

A v e r a g e
A v e r a g i n g T i m e

Inverse Peak Anode Cur ren t^ . . .
A m i b i e n t Te m p e r a t u r e L i m i t s . . .

E L E C T R I C A L D ATA , T h r o u g h o u t L i f e

Starter Breakdown Voltage^
S t a r t e r Vo l t a g e D r o p a t 2 0 M i l l i a m p e r e s
Anode Vo l tage Drop a t 20 Mi l l iamperes .
T r a n s f e r C u r r e n t
Ionization Time, Starter Gap3 .....
D e i o n i z a t i o n T i m e , A p p r o x i m a t e

S t a r t e r G a p
M a i n G a p

185 volts

1 0 0 m i l l i a m p e r e s
3 5 m i l l i a m p e r e s

2 s e c o n d s

5 m i l l i a m p e r e s
-55 to 485 centigrade

M i n . B o g e y M a x .
' W 7 0 " 8 5 " v o l t s

5 2 6 0 7 ^ ) - v o l t s
6 8 7 5 8 5 v o l t s
S e e c u r v e - F i g . 3

. . . 0 . 0 7 0 . 2 0 m i l l i s e c o n d s

I n v e r s e C u r r e n t a t - 1 2 0 Vo l t s A n o d e P o t e n t i a l ^

M E C H A N I C A L D A T A

. . m i l l i s e c o n d s

. . m i l l i s e c o n d s

3 m i l l i a m p e r e s

M o u n t i n g P o s i t i o n
Ne t We igh t , Approx ima te
Dimensions and pin connections shown in outline drawing on page 4.

A n y
1 o u n c e

N o t e 2 :

N o t e 3 :

Note i f :

N o t e 1 : S x i f fi c i e n t r e s i s t a n c e m u s t b e u s e d i n s e r i e s w i t h t h e t u b e t o a s s u r e
t h a t t h e e l e c t r o d e c u r r e n t s d o n o t e x c e e d t h e i r m a x i m u m r a t e d v a l u e s .

N o t e 2 : L i m i t s a p p l y i m m e d i a t e l y a f t e r t u b e h a s c o n d u c t e d c u r r e n t . I f t h e t u b e
has been idle, these values initially may be as much as 3 volts higher

. o r l o w e r .

Note 3: With 15 volts starter overvoltage (15 volts above Starter Breakdown
Voltage) with the tube in total darkness (See Fig. 4.)

Note if: Negative anode voltage applied through 80OO ohms. Starter connected
to anode through 100,000 ohms.

H A N D L I N G

Weste rn E lec t r i c co ld ca thode tubes con ta in a m inu te amount o f rad ium bromide
which is a radioactive material. The amount in most types is too small to require
a n y s p e c i a l c a r e i n u s e , h a n d l i n g o r d i s p o s a l .

A f ew t ypes con ta i n a l a rge r quan t i t y o f r ad ium b rom ide i n wh i ch t he rad ium
app rox ima tes t ha t f ound on a l um inous wa t ch d i a l . These t ypes bea r a r ed t h ree -
bladed propeller-shaped symbol on the tube envelope. Instructions for handling
s u c h t u b e s a r e g i v e n b e l o w a n d a l s o i n B e l l S y s t e m P r a c t i c e s f o r C e n t r a l O f fi c e
m a i n t e n a n c e .

I n s t a l l a t i o n s o r d i n a r i l y r e q u i r e n o p r e c a u t i o n s a g a i n s t r a d i a t i o n . H o w e v e r ,
q u a n t i t i e s o f t h e t u b e s s h o u l d n o t b e s o i n s t a l l e d , o r s o s t o r e d o u t s i d e t h e
s h i p p i n g c a r t o n , t h a t t h e y w i l l b e w i t h i n a f e w i n c h e s o f p e r s o n n e l o r i n p r o x i
m i t y t o p h o t o g r a p h i c fi l m f o r e x t e n d e d p e r i o d s o f t i m e . F o r e x a m p l e , h o w e v e r, a
^0-hour week exposure at about one (l) foot from a bank of 500 tubes (covering
an area of 20 inches x inches) is well within the accepted tolerance l imits
f o r p e r s o n n e l . R e a s o n a b l e c a r e s h o u l d b e e x e r c i s e d i n h a n d l i n g a n d d i s p o s a l o f
b r o k e n t u b e s . I n g e n e r a l , a t t e n t i o n s h o u l d b e g i v e n t o t h e f o l l o w i n g :

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

(b) Avoid contacting broken parts with bare hands.

(c) Use wet rag to pick up broken parts. Wrap broken parts in rag and tie
secu re l y so as t o f o rm a package . Tho rough l y wash hands a f t e r d i sposa l .

(d) Dispose of broken or defective tubes as they are taken out of service.
One or two tubes at a t ime may be d isposed of wi th normal waste mater ia l .
A c c u m u l a t i o n o f t u b e s i n o n e c o n c e n t r a t e d a r e a o f t h e p l a c e o f fi n a l
d i s p o s i t i o n s h o u l d b e a v o i d e d .



m 3 - h30k

CURRENT-LIFE CHARACTERISTIC
A V E R A G E L I F E E X P E C T A N C Y

ANODE VOLTAIC DROP-ANODE CURRENT
(TYPICAL)

1 x 1

8 -'20

CATHODE CURRENT IN MILLIAMPERES D.C

1 0 2 0 3 0

ANODE CURRENT IN MILLIAMPERES DC.

TRANSFER CURRENT IN MICROAMPERES D.C
F IG 3

) 1 0 1 5 2 0 i
STARTER 0VERV0LTA6E

(VOLTS ABOVE BREAKDOWN)



.-RAOtUM MARKING
(RED SYMBOL-
SEE "HANDLING-
PAGE 2)

2̂  MAX.
-OWVOUE OR

TRANSLUCENT
COATING ON
B U L B

- A 4 - 5 S M A L L 4 - R N B A S E

- N . C .

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

2-D-56-14- P R I N T E D I N U . S . A . T26i+0B



BELL SYSTEM PRACTICES
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n Tu b e D a t a

A B 4 6 . 4 3 0 B
I s s u e 1 , J a n u a r y 1 9 6 2
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 430B ELEaRON TUBE

D E S C R I P T I O N

T h e 4 3 0 B i s a t h r e e - e l e c t r o d e , i n e r t - g a s - fi l l e d , c o l d c a t h o d e t u b e f o r u s e i n
r e l a y , v o l t a g e r e g u l a t o r o r r e c t i fi e r c i r c u i t s . T h i s t u b e i s m e c h a n i c a l l y a n d
e l e c t r i c a l l y i d e n t i c a l t o t h e 3 1 3 C e x c e p t t h a t i t h a s a m u c h f a s t e r s t a r t e r g a p
i o n i z a t i o n t i m e . T h e t u b e i s e s p e c i a l l y s u i t a b l e f o r u s e i n f a s t s w i t c h i n g c i r c u i t s .

C H A R A C T E R I S T I C S

P e a k A n o d e Vo l t a g e • • •
Av e r a g e C a t h o d e C u r r e n t -
A v e r a g e L i f e , A p p r o x i m a t e

1 8 5 v o l t s
1 0 I C Q m i l l i a m p e r e s

1 0 , 0 0 0 1 0 h o u r s

P i l e : C o l d C a t h o d e S e c t i o n

American Telephone and Telegraph Company 1962 4 3 0 B
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MAXIMUM RATINGS, Absolute System (Note i)

Fo rwa rd Peak Anode Vo l t age
Forward Ca thode Cur ren t (No te 2 )

P e a k

A v e r a g e
Ave ra g in g Time •

I n v e r s e P e a k A n o d e C u r r e n t ( N o t e 2 ) • •
A m b i e n t Te m p e r a t u r e L i m i t s

1 8 5 v o l t s

1 0 0 m i l l i a m p e t e s
3 5 m i l l i a m p e r e s

2 s e c o n d s
5 m i l l i a m p e r e s

5 5 t o + 8 5 c e n t i g r a d e

e l e c t r i c a l d a t a , T h r o u g h o u t L i f e
M i n . B o g e y M a x .

S ta r te r B reakdown Vo l tage (No te 3 ) 6 5 7 0 8 9 v o l t s
S t a r t e r Vo l t a g e D r o p a t 2 0 M i l l i a m p e r e s 5 2 6 0 7 4 v o l t s
A n o d e Vo l t a g e D r o p a t 2 0 M i l l i a m p e r e s 6 8 7 5 9 0 v o l t s
T r a n s f e r C u r r e n t S e e c u r v e - F i g . 3
I o n i z a t i o n T i m e , S t a r t e r G a p ( N o t e 4 ) . . . .

Average (Note 5) - 0. 07 0 . 2 0 m i l l i s e c o n d s
Max imum S e e c u r v e - F i g . 5 , Page 4

D e i o n i z a t i o n T i m e , A p p r o x i m a t e
S t a r t e r G a p - 3 - m i l l i s e c o n d s
Main Gap- • - 1 0 - m i l l i s e c o n d s

I n v e r s e C u r r e n t a t - 1 2 0 V o l t s A n o d e P o t e n t i a K N o t e 6 ) - 3 m i l l i a m p e r e s

MECHANICAL DATA

M o u n t i n g P o s i t i o n A n y
N e t W e i g h t , A p p r o x i m a t e 1 O u n c e
D i m e n s i o n s a n d p i n c o n n e c t i o n s s h o w n i n o u t l i n e d r a w i n g o n p a g e 4 .

HANDLING

Th i s t ube con ta ins a sma l l amoun t o f k r yp ton -85 gas wh i ch i s a by -p roduc t
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amouat to require any special care in use.

A t o m i c E n e r g y C o m m i s s i o n r e g u l a t i o n s r e q u i r e t h a t t h e i n d i v i d u a l t u b e c a r t o n
fo r t ubes con ta in ing by -p roduc t r ad ioac t i ve ma te r i a l be app rop r i a te l y marked . The
mark ing inc ludes the s ta tement tha t tube d isposa l shou ld be in approved manner.

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s ;

T u b e s t o b e d i s p o s e d o f s h o u l d b e b r o k e n o r c r u s h e d i n a w e l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
a t m o s p h e r e . T h e r e s i d u a l b r o k e n o r c r u s h e d t u b e s s h o u l d b e d i s
p o s e d o f i n a n o r m a l p u b l i c t r a s h d i s p o s a l s y s t e m . Tu b e s s h o u l d b e
d i s p o s e d o f a t a r a t e o f n o t m o r e t h a n 1 0 0 e a c h w e e k f r o m a n y o n e
locat ion. Avoid breathing vapors from broken tubes.

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.

N o t e 2 : S u f fi c i e n t r e s i s t a n c e m u s t b e u s e d i n s e r i e s w i t h t h e t u b e t o a s s u r e t h a t t h e e l e c t r o d e
c u r r e n t s d o n o t e x c e e d t h e i r m a x i m u m r a t e d v a l u e s .
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n m i

liai
111!

CURRENT-L IFE CHARACTERIST IC
AV E R A G E L I F E E X P E C TA N C Y

A N O D E V O LTA G E D R O P - A N O D E C U R R E N T
(TYPICAL)

K X X )
< n

g e o o
X

z 4 0 0
U l
u .

o 2 0 0

1
1 1 0 0

8 0

1 1 1
111

0 2 0 4 0 6 0 8 0 1 0 0
C«JHOOE CURRENT IN MILUAMPERES 0.C

F I G l I

m

- 3 0 - 2 0 - O 0 1 0 2 0 3 0 4 0

ANOOe CURRENT M MILLIAMPERES DC
0 2

1 8 0
u

CO 160

g 100

8 0

TRANSFER CURRENT CHARACTERISTIC

31ARTER GAP A/ERAGE lONIZATION TBl^E
CHARACTERISTIC (TYPICAL RANGE)

MAXIMUM

- ^ T Y P I C A L

4 8 1 2 1 6 2 0
TRANSFER CURRENT IN MICROAMPERES D.C.

FIG 3

STARTER OVERVOLTAGE
(VOLTS ABOVE BREAKDOWN)

FIG. 4

N o t e 3 :

N o t e 4 :

L i m i t s a p p l y i m m e d i a t e l y a f t e r t u b e h a s c o n d u c t e d c u r r e n t . I f t h e t u b e h a s b e e n i d l e , t h e s e
va lues i n i t i a l l y may be as much as 3 vo l t s h i ghe r o r l owe r.

W i t h 1 5 v o l t s s t a r t e r o v e r v o l t a g e ( 1 5 v o l t s a b o v e S t a r t e r B r e a k d o w n Vo l t a g e ) w i t h t h e t u b e
i n t o t a l d a r k n e s s ( S e e P i g . 4 . )

Note 5: Average of 10 measurements taken at 1 second in terva ls .

Note 6 : Negat ive anode vo l tage app l ied through 8000 ohms. Star ter connected to anode through 100,000
o h m s .
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9 9 . 9 9 9 1

C O N F I D E N C E L E V E L T H AT
A N I N D I V I D U A L I O N I Z AT I O N
T I M E R E A D I N G W I L L N O T

; E X C E E D G I V E N M A X I M U M .

( 15 VOLTS OVERVOLTAGE )

9 0 « =
2 0 0 2 5 0 3 0 0 3 5 0 4 0 0 4 5 0

M A X I M U M T I M E I N M I C R O S E C O N D S

F I 6 . 5

3 . 4 0 6 '
M A X .

O PA Q U E O R T R A N S L U C E N T
C O AT I N G O N B U L B

A 4 - 5 S M A L L
4 - P I N B A S E

C AT H O D E
O R

S T A R T E R

A N O D E

V I E W A - A

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

P R I N T E D I N U . S . A .



BELL SYSTEM PRACTICES
Transmission Engineering and Data
E l e c t r o n Tu b e D a t a

SECTION AB46.A32A
Issue 1, October 1950
A T & T C o . S t a n d a r d

ADVANCE ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 432A ELECTRON TUBE

B U L B

.MEASURED AT
D I A . O N B U L B

D O N O T.
C O N N E C T

S T A R T E R

C A T H O D E

C A T H O D E

D O N O T
CONNECf

.DO NOT
C O N N E C T

A N O D E

A N O D E

D O N O T
C O N N E C T

■E 9 - I S M A L L
B U T T O N

9 - P I N B A S E V I E W A - A

The A32A is a threeoel act rode inert-gaa filled odd cathode tube designed primarily
for use as a Tol tage referenoe tube. This tube has except ional ly stable character is t ics.

C a t h o d e C u r r e n t A t o 8 m i l l i a m p e r e s
A n o d e T o l t a g e D r o p 1 0 0 v o l t s
R e g u l a t i o n , M a x . ( A t o 6 M i l l i a m p e r e s D - C ) 0 . 5 v o l t

HLE: COLD CATHODE SECTION

ISSUE 1, 9-50

4 3 2 A



A32A PAGE 2

C a t h o d e C u r r e n t

Max imum
M i n i m u m

M a x i m u m I n v e r s e S t a r t e r o r A n o d e C u r r e n t
Starter Current (Minimum)

8 m i l ] i a m p e r e s
k a i l l i a m p e r e s

0 . 0 m i l l i a o i p e r e
0.2 mi Hi ampere

A m b i e n t T e m p e r a t u r e L i m i t s - 5 5 t o 6 0 c e n t i g r a d e

Anode Breakdown Vo l tage
Anode Voltage Drop at 6 Milliamperes (D-C)^.
S t a r t e r B r e a k d o w n Vo l t a g e
S t a r t e r Vo l t a g e D r o p
Required Transfer Current at 110 Anode Volts
Regulation (4 to 6 Milliamperes, D-C). . . .
Temperature Sensitivity of Anode Voltage Drop

Anode Current, k Milliamperes (D-C) . . .
Anode Current, 8 Milliamperes (D-C) . . .

Fluctuation^
Stabil i ty^

I b O v o l t s
1 0 3 v o l t s
2 0 0 v o l t s
— v o l t s

— m i c r o a m p e r e s

0 . 5 v o l t

- 0 . 0 1 — v o l t / c
- 0 . 0 2 — v o l t / c

— 0 . 1 v o l t

0 . 3 v o l t

M o u n t i n g P o s i t i o n . . .
Net Weight, Approximate
B u l b
B a s e

Note 1: These values are for new tubes. The stabi l i ty character is t ic should be
c o n s i d e r e d d u r i n g t u b e l i f e .

Note 2; The anode voltage drop variat ion during a short neriod of t ime
(one to ten minutes), with the tube operating at one value of current and
temperature within its ratings, will not exceed the above stated maximum value.

Note 3: The drift of anode voltage drop over a period of 1000 hours, with the tube
operating at one value of current and temperature within its ratings, will
no t exceed the above s ta ted max imum va lue .

A n y
0 ^ 3 o u n c e
T 6 - 1 / 2
S m a l l B u t t o n 9 - p i i i

A d e v e l o p m e n t " o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f t h e
American Telephone and Telegraph Company and the Western Electric Company.

I - K - 5 0 - 4 P R I B T E D I N U . S . A . T- 2 6 8 7



BELL SYSTEM PRACTICES
Transmiss ion Eng ineer ing and Da ta
E l e c t r o n T d b e D a t a

AB1-6A32B
Issue 2, December 1956
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 432B ELECTRON TUBE

D E S C R I P T I O N

The L32B is a three-electrode inert-gas-filled cold cathode tube designed for
use as a voltage reference tube. The third electrode is a starting element
for use in circuits having insufficient voltage avai lable for breakdown at
the voltage reference point or requiring negligible overshoot of the reference
voltage when start ing. This tube is free of parasit ic osci l lat ions and has an
e x c e p t i o n a l l y s t a b l e a n o d e v o l t a g e d r o p c h a r a c t e r i s t i c .

C H A R A C T E R I S T I C S

C a t h o d e C u r r e n t
Anode Vol tage Drop
Regulation, Max. (L to 6 Milliamperes D-C)

FILE: COLD CATHODE SECTION
Issue 2, December 1956

4 3 2 B

L to 8 milliamperes
1 0 0 v o l t s

0 . 7 5 v o l t



U32B - Page 2

RATINGS, Absolute Values

C a t h o d e C u r r e n t
MELXinnj i i i
Minimum^

Inverse S ta r te r o r Anode Cur ren t , Max imum
Starter Current, Minimum3
Ambien t Tempera tu re L im i t s

8 m i l l i a m p e r e s
k mil l iamperes

0 . 0 m i l l i a m p e r e
0 . 2 m i l l i a m p e r e

-55 to + 60 centigrade

ELECTRICAL DATA, Throughout Life
M i n . B o g e y M a x

A n o d e B r e a k d o w n V o l t a g e ^ .
Anode Voltage Drop at 6 Milliamperes (D-C)^ .
S t a r t e r B r e a k d o w n V o l t a g e
S ta r t e r Vo l t a g e D r o p a t 0 . 2 m a
T r a n s f e r C u r r e n t a t 1 1 0 A n o d e V o l t s

Regu la t i on { k t o 6 M i l l i ampe res , D -C ) . . . .
Te m p e r a t u r e S e n s i t i v i t y o f A n o d e Vo l t a g e D r o p

Anode Current, k Milliamperes (D-C) ....
Anode Current, 8 Milliamperes (D-c) ....

F luc tua t ion^
Stability^

- 0 . 0 1
- 0 . 0 2

0 . 0 2

I b O v o l t s

1 0 3 v o l t s
2 0 0 v o l t s

v o l t s

2 0 0 m i c r o a j i

0 . 7 5 v o l t

— v o l t / c
— v o l t / c
0 . 1 v o l t
0 . 8 v o l t

MECHANICAL DATA, Throughout Life

M o u n t i n g P o s i t i o n . . .
Ne t We igh t , Approx ima te
B u l b
B a s e '

D i m e n s i o n s a n d C o n n e c t i o n s S e e o u t l i n e d r a w i n g

Note 1: Sufficient resistance must be used in series with the tube to assure
t h a t e l e c t r o d e c u r r e n t s d o n o t e x c e e d ' t h e i r m a x i m u m r a t e d v a l u e s .

Note 2: The tube is capable of operating at current values below the rated
"Minimum" value of k milliamperes in regulator applications where
lower current is required, however, operation at values below k
milliamperes for extended periods of time (hundreds of hours) may
r e s u l t i n a n i n c r e a s e i n r e g u l a t i o n .

Note 3: The minimum starter current requirement applies
(a) when tube is operated for extended periods (himdreds of hours)

between starting operations to assure maintaining starter break
d o w n a n d t r a n s f e r c h a r a c t e r i s t i c s .

(b ) to assure osc i l l a t ion- f ree opera t ion .

Note k: These values are for new tubes. Anode voltage drop will stabilize
within 3 minutes after starting. The stability characteristic should
b e c o n s i d e r e d d u r i n g t u b e l i f e .

Note 5: The anode voltage drop variation during a short period of time (one
to ten minutes), with the tube operating at one value of current and
temperature within its ratings, will not exceed the above stated max
i m u m v a l u e .

Note 6: The drift of anode voltage drop over a period of 1000 hours, with the
tube operating at one value of current and temperature within its
ratings, will not exceed the above stated maximum value. Stability
improves with operating life. After 1000-2000 hours operation the
drift of anode voltage drop per 1000 hours will not exceed 0.3 volt.



ANODE VOLTAGE - ANODE CURRENT
(TYPICAL)

A N O D E C U R R E N T I N M I L L I A M P E R E S D . a

T R A N S F E R C U R R E N T
CHARACTERIST ICS

4 0 8 0 1 2 0 1 6 0 2 0 0 2 4 0 2 8 0 3 2 0
TRANSFER CURRENT IN MICROAMPERES DlC.'

-̂MAX." rMEASURED ATjl'
DIA. ON BULB

C AT H O D E

C AT H O D E

S TA RT E R

V I E W A - A

E 9 - I S M A L L B U T T O N
9-P IN BASE

NOTE:-PINS MARKED I.C.(INTERNAL CONNECTION)SHOULD NOT
BE CONNECTED TO ANY PORTION OF AN EXTERNAL
CIRCUIT.

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

P R I N T E D I N U . S . A .
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BELL SYSTEM PRACTICES
Transaission Engineering and Data
E l e c t r o n Tu b e D a t a

SECTION ABL6.A35A
I s s u e 2 , J u n e 1 9 5 L
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 435A ELECTRON TUBE

D E S C R I P T I O N

The A35A electron tube is a high figure of merit miniature tetrode
with an indirectly heated cathode. It was designed primarily for the input
amplifier of the L-3 tandem two stage amplifier.
CHARACTERIST ICS

H e a t e r V o l t a g e 6 . 3 v o l t s
Cathode Current 1 Ej, - 190 volts; E^^ - 160 volts f 1A.3 milliamperes
Transconductance / Eggi - *7.5 volts; Rĵ  - 630 ohms \ 15500 micromhos

F i l e : M I N I AT U R E S E C T I O N
I s s u e 2 , 6 - 5 A M - y g - «

4 3 5 A



A35A - Page 2

GENERAL CH/iRACTERISTICS

E L E C T R I C A L D ATA

H e a t e r V o l t a g e — - — - -
H e a t e r C u r r e n t - - - - - - - - - - - -
Direct Interelectrode Capacitances W i t h o u t

E x t e r n a l

Grid to Plate {maximum]
I n p u t - - - - - - - - -
O u t p u t —
M E C H A N I C A L D ATA

C a t h o d e - - - - - - - - - - - - - - - - -

Bu lb
B a s e -
M o u n t i n g P o s i t i o n - - - - - - - - - - - - - - - - - -
Dimensions and pin connections shown in outline drawing

MAilMDU RATINGS, Design Center Values
P l a t e V o l t a g e -
S c r e e n G r i d V o l t a g e - - - - - - - - - - - - - - - -
P l a t e D i s s i p a t i o n - - - - - - - - - - - - - - - -
S c r e e n G r i d D i s s i p a t i o n - - - - - - - - - - - - - -
C o n t r o l G r i d D i s s i p a t i o n — —
C a t h o d e C u r r e n t
Heater-Cathode Voltage
B u l b Te m p e r a t u r e

Maximum Grid Circuit Resistance for
F i x e d B i a s
C a t h o d e B i a s - - - - - - - - - - - - - - - - - -

TYPICAL OPERATING CONDITIONS AMD CHARACTERISTICS
P l a t e V o l t a g e 1 3 0
S c r e e n G r i d V o l t a g e - - - - - - - - - 1 3 0
C o n t r o l G r i d V o l t a g e ^ - - - - - - - - - - 1 . 0
C a t h o d e B i a s R e s i s t o r - - - - - - - -

P l a t e C u r r e n t - - - - - - - - - - — 1 0 . 3
S c r e e n G r i d C u r r e n t - - - - - - - - - 3 . 8
P l a t e R e s i s t a n c e - - - - - - - - - - - 1 3 0 0 0
T r a n s c o n d u c t a n c e - - - - - - - - - - - 1 5 3 0 0
Control Grid Voltage (approximate) for
P l a t e C u r r e n t o f 1 0 m i c r o a m p e r e s — - 3 . 2

M o d u l a t i o n
S e c o n d O r d e r ( 2 P ) ' ' ' ^ - - - - - - - - -
T h i r d O r d e r ( 3 F ) * ' ' " * - - - - - - - - -
L o a d R e s i s t a n c e - - - - - - - - - - -

» Operation with the control grid positive with
r e c o m m e n d e d .

♦♦ Ratio of product to fundamental at output for
g r i d t o c a t h o d e .*** Ratio of product to fundamental at output for
gr id to cathode.

Note 1: Reference point for "Control Grid Voltage
c a t h o d e b i a s r e s i s t o r .

6 . 3 T o l t s
3 0 0 m i l l i a m p e r e s

W i t h E x t e r n a l
S h i e l d .

(RETMA #315)
. 0 3 0 u u f
8 . 1 u u f
3 . 3 u u f

Coated Unipotent ia l
T6 1/2
S m a l l B u t t o n 9 P i n
A n y

on page A

1 9 0 v o l t s
1 6 0 v o l t s

3 . 0 w a t t s
0 . 7 5 w a t t
S e e f o o t n o t e *

3 6 m i l l i a m p e r e s
5 0 v o l t s

1 3 0 c e n t i g r a d e

0.05 megohm
0.10 megohm

1 6 0 1 9 0 v o l t s
1 6 0 1 6 0 v o l t s

- 1 . 5 + 7 . 5 v o l t s
— 6 3 0 o h m s

1 1 . 6 1 1 . 5 m i l l i a m p e r e s
A . 3 2 . 8 m i l l i a m p e r e s

13000 65000 ohms
15600 15500 micromhos

- 3 . 9 v o l t s

3 5 d b
52 db

2 7 0 o h m s

respect to cathode is not

0 . 1 v o l t r n s s i g n a l f r o m

a 0 . 2 v o l t r r a s s i g n a l f r o m

' i s t h e n e g a t i v e e n a o f t h e



E,=6.3 VOLTS I
Ec,= 130 VOLTSn s s a

Kjammmmii r a s B S i
■ ■ ■ ■ ■ ■ I
r i i

1 2 0 1 6 0 2 0 0 2 4 0 2 8 0
PLATE VOLTAGE

K H S i a B a e e e e i
■ H B u n n n n

n S S S S B H B

1 2 0 I S O 2 0 0
P L AT E V O LTA G E

n a i
I B S

IB
■ ■

l i i
11!

■ B s a a

1 2 0 1 6 0 2 0 0
P L AT E V O LTA G E

8 0 1 2 0 1 6 0 2 0 0
PLATE VOLTAGE

2 4 0 2 8 0

E^&3 VOLTS

Ei)=Ec2=l60

- 3 2 - 2 , 8 - 2 . 4 - 2 . 0 - 1 . 6 - 1 2 - 0 . 8 - 0 . 4 0
CONTROL GRID VOLTAGE

fl H

- 2 . 4 - 2 0 - 1 . 6 - 1 2 - O f
CONTROL GRID VOLTAGE





B E L L S Y S T E M P R A C T I C E S
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

A B 4 6 . 4 3 6 A
I s s u e 2 , M a y 1 9 6 3
A . T . & T . C o . S t a n d a r d

E L E C T R O N T U B E D A T A S H E E T

W E S T E R N E L E C T R I C 4 3 6 A E L E C T R O N T U B E

D E S C R I P T I O N

T h e 4 3 6 A e l e c t r o n t u b e i s a h i g h fi g u r e o f m e r i t t e t r o d e w i t h a n i n d i r e c t l y
heated ca thode. I t was des igned pr imar i l y fo r use in the L-3 ampl ifier.

C H A R A C T E R I S T I C S

H e a t e r V o l t a g e •
C a t h o d e C u r r e n t
T r a n s c o n d u c t a n c e

feb = 190 volts; Ec2 = 160 volts
^cci = volts; Rjj = 315 ohmsj

6 . 3 v o l t s
2 8 . 4 m i l l i a m p e r e s

3 0 0 0 0 m i c r o m h o s

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t . t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y .

N o t e 2 : R e f e r e n c e p o i n t f o r C o n t r o l G r i d Vo l t a g e i s t h e n e g a t i v e e n d o f t h e c a t h o d e b i a s r e s i s t o r .

F i l e : G e n e r a l P u r p o s e S e c t i a i i n d i c a t e s a c h a n g e - ^

@ American Telephone and Telegraph company 1963 430 A



4 3 6 A - P A 6 E 2

GENERAL CHARACTERISTICS

E l e c t r i c a l D a t a

Heater Vol tage
Heater Current
Direct Interelectrode Capacitances

Grid to Plate (maximum) .
Input: gl to (h+k+g2+i.s.)
Output: p to (h+k+g2+i.s.)

W i t h o u t
E x t e r n a l

S h i e l d
. 0 7

1 4 . 0
3 . 5

6 . 3 v o l t s
4 5 0 m i l l i a m p e r e s

W i t h E x t e r n a l
S h i e l d

(JEDEC #309)
• 0 6 n n f

1 4 . 2 u i ^ f
4 . 7 a a f

M e c h a n i c a l D a t a

B u l b ° ^ ^ . . . . C o a t e d U n i p o t e n t i a l
Bd>S0

M o u n t i n g P o s i t i o n ' o u t l i
Dimensions and pin connections shown in outline drawing on page 4.

MAXIMUM RATINGS, Absolute System (Note i, see Page i)

See outline drawing page 4
A n y

P la te Vo l t age
Screen Grid Voltage
P l a t e D i s s i p a t i o n
Screen Gr id D iss ipat ion
C o n t r o l G r i d D i s s i p a t i o n . . . .
Cathode Current
Heater-Cathode Voltage

I ̂  Bulb Temperature
Maximum Grid Circuit Resistance for

Fixed Bias
C a t h o d e B i a s

2 1 0 v o l t s
1 7 5 v o l t s
5 . 0 w a t t s
2 . 2 w a t t s

S e e f o o t n o t e ♦
5 0 m i l l i a m p e r e s
5 5 v o l t s

L 3 0 c e n t i g r a d e

. 0 . 0 5
• 0 . 1 0

megohm
megohm

1 8 . 8
1 0 . 8
5 0 0 0

2 8 0 0 0

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

P l a t e V o l t a g e i g Q 1 9 0
S c r 6 6 n G r i d V o l " f c 8 , g 6 1 3 0 i fi o i fi nc o n t r o l G r i d V o l t a g e . i ^ ? 5
Control Grid Supply Voltage (Note 2, see Page i) . . - _ +75
Cathode Bias Resistor (Note 2, see page i) . . . . _ _ 315

■ ' I 2 0 . 2 m i l l i a i
S c r e e n G r i d C u r r e n t 1 2 . 5 1 0 . g 8 . 2 m i l l i a r
P l a t e R e s i s t a n c e 5 0 0 0 3 6 0 0 0

2 0 0 0 0 2 8 0 0 0 3 0 0 0 0 m i c :Control Grid Voltage (approximate) for
P l a t e C u r r e n t o f 1 0 m i c r o a m p e r e s - 3 7 _ 4 7

M o d u l a t i o n
S e c o n d O r d e r ( 2 P ) » * _ _ . 3 0
T h i r d O r d e r ( 3 P ) » ^ * _ _ . 5 4
L o a d R e s i s t a n c e _ 2 7 0
• Operation with the control grid positive with respect to cathode is not recommended.

»♦ Ratio of product to fundamental at output for 0.1 volt rms signal from grid to cathode.
*♦« Ratio of product to fundamental at output for a 0.2 volt rms signal from grid to cathode.

* Indicates a change

+ 7 . 5
3 1 5

2 0 . 2

saL'
3 0 0 0 0

v o l t s
v o l t s
v o l t s
v o l t s

o h m s

m i l l i a m p e r e s
m i l l i a m p e r e s

o h m s
m i c r o m h o s

v o l t s



P A G E 3 - 4 3 6 A

1 2 0 1 6 0

P L A T E V O L T A G E

2 4 0 2 8 0

- 2 . 0 - 1 6 - L 2

CONTROL GRID VOLTAGE

- 2 J 0 - 1 . 6 - 1 . 2

CONTROL GRID VOLTAGE



4 3 6 A - P A G E 4

4 0 0 0 0 1
Eb=Ec2=

1 6 0 130 1 0 0 1 6 0

A d e v e l o p m e n t o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f t h e A m e r i c a n Te l e p h o n e
and Telegraph Company and the Western Electr ic Company.

V

P R I N T E D I N U . S . A .



B E L L S Y S T E M P R A C T I C E S A B i t 6 , i t 3 7 A
T r a n s m i s s i o n E n g i n e e r i n g a n d D a t a I s s u e 1 , O c t o b e r I 9 5 5
E l e c t r o n T u b e D a t a A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 437A ELECTRON TUBE

D E S C R I P T I O N

The ^37A electron tube is a high figure of merit triode with an indirectly
h e a t e d c a t h o d e . I t w a s d e s i g n e d p r i m a r i l y f o r t h e o u t p u t a m p l i fi e r o f t h e L - 3 t a n d e m
t w o s t a g e a m p l i fi e r .

C H A R A C T E R I S T I C S

H e a t e r V o l t a g e 6 . 3 v o l t s
Ca thode Cur ren t - • - ^1 : ^=160 vo l t s ; \ . 36 .5 m i l l i amperes
Transconductance • -'V Ec î = +7-5 volts; R^ = 262 ohms ) ■ ■ ■ • lt.6000 micromhos

F i l e : G e n e r a l P u r p o s e S e c t i o n
Issue 1 , 10-55

4 3 7 A



G E N E R A L C H A R A C T E R I S T I C S

E L E C T R I C A L D A T A

H e a t e r Vo l t d g e
H e a t e r C u r r e n t
D i r e c t I n t e r e l e c t r o d e C a p a c i t a n c e s

Grid to Plate (maximum)
Input : g to (h+k+i .s. )
Output: p to (h+k+i.s.)

W i t h o u t
E x t e r n a l

S h i e l d

3 . 8
1 1 . 1

1 . 0

6 . 3 v o l t s
U50 milliamperes

W i t h E x t e r n a l

S h i e l d

3 . 8 u u f
1 1 . 3 u u f

2 . 1 u u f

M E C H A N I C A L D A T A

C a t h o d e C o a t e d
B u l b T 9
B a s e S e e o u
M o u n t i n g P o s i t i o n ' A n y
Dimensions and pin connections shown in outline drawing on page k

MAXIMUM RATINGS, Design Center Values

C o a t e d U n i p o t e n t i a l
T 9
See outline drawing page U
A n y

P l a t e Vo l t a g e
P l a t e D i s s i p a t i o n . . . .
C o n t r o l G r i d D i s s i p a t i o n
C a t h o d e C u r r e n t . . . . . .
Hea te r -Ca thode Vo l tage
B u l b Te m p e r a t u r e . . . .

M A X I M U M C I R C U I T V A L U E S

G r i d C i r c u i t R e s i s t a n c e :
F o r F i x e d B i a s . . . .
F o r C a t h o d e B i a s . . .

2 5 0 v o l t s
7 . 0 w a t t s
s e e f o o t n o t e 1

4 5 m i l l i a m p e r e s
5 0 v o l t s

1 3 0 c e n t i g r a d e

0 . 0 5 m e g o h m
0 . 1 0 m e g o h m

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

P l a t e Vo l t a g e
C o n t r o l G r i d V o l t a g e • .
Cont ro l Gr id Supply Vo l tage"^
Cathode Bias Resistor^ . .
P l a t e C u r r e n t
A m p l i fi c a t i o n F a c t o r
P l a t e R e s i s t a n c e
T r a n s c o n d u c t a n c e
Control Grid Voltage (approximate) for

P l a t e C u r r e n t o f 1 0 m i c r o a m p e r e s . .
M o d u l a t i o n

Second Order (2Fj)̂
Third Order (3F)^
L o a d R e s i s t a n c e

i k o 1 8 0
- 2 . 0 - 3 . 0

1 6 0 v o l t s
— v o l t s

+ 7 . 5 v o l t s
— 2 6 2 o h m s

2 9 . 0 2 5 . 0 3 6 . 5 m i l l i a m p e r e s
h l . O k l . O k l . O

9 5 0 9 8 0 9 0 0 o h m s
^4-3000 ^2000 U6OOO micromlios

- 5 . 0 - 6 . 3

- 3 7 d b
- 5 6 d b
2 7 0 o h m s

N o t e 1 : O p e r a t i o n w i t h t h e c o n t r o l g r i d p o s i t i v e w i t h r e s p e c t t o c a t h o d e i s n o t
r e c o m m e n d e d .

N o t e 2 : R e f e r e n c e p o i n t f o r C o n t r o l G r i d V o l t a g e i s t h e n e g a t i v e e n d o f t h e c a t h o d e
b i a s r e s i s t o r .

N o t e 3 : R a t i o o f p r o d u c t t o f u n d a m e n t a l a t o u t p u t f o r 0 . 1 v o l t r m s s i g n a l f r o m g r i d
t o c a t h o d e .

N o t e R a t i o o f p r o d u c t t o f u n d a m e n t a l a t o u t p u t f o r a 0 . 2 v o l t r m s s i g n a l f r o m
g r i d t o c a t h o d e .



P a g e 3 - U 3 7 A

- 5 - 4 - 3 - 2
CONTROL GRID VOLTAGE

|Eb«22q 180 140 100

- 5 - 4 - 5 - 2
C O N T R O L G R I D V O LTA G E

E b ? 2 2 p I S O
Ef «6.3 VOLTS0

1̂1
■■■■■ i i n i M n n
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B i i L L b i a T K M i ^ i l A U x i U b b
T r a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

I s s u e 1 , J i m e 1 9 5 7
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 439A ELECTRON TUBE

D E S C R I P T I O N

The i+SSA is a ten-s tage co ld-cathode gas-d ischarge s tepp ing tube des igned
f o r c o n t i n u o u s c o u n t i n g o r r e g i s t r a t i o n o f p u l s e s a t p u l s e r a t e s u p t o 1 0 0 0
p i i l s e s p e r s e c o n d . D e s i g n f e a t u r e s p e r m i t b o t h v i s u a l a n d e l e c t r i c a l r e g i s t r a t i o n
o f i n p u t p i i l s e s . T h e t u b e c a n b e o p e r a t e d i n d e c a d e c h a i n s o r c a n b e u s e d t o
d r i v e o t h e r e l e c t r o n i c d e v i c e s f o r t h e p u r p o s e o f t i m i n g , p u l s e c o T i n t i n g , p i i l s e
g e n e r a t i o n , a n d s i m i l a r o p e r a t i o n s .

F i l e : C o l d C a t h o d e S e c t i o n
I ssue 1 , 6 -57

4 3 9 A



RATINGS, Absolute Values

C a t h o d e C u r r e n t
M a x i m u m P e a i c
M a x i m u m Av e r a g e
M i n i m u m A v e r a g e
Maximum Averaging Time

Maximum Inverse Anode or Auxi l iary Anod
A m b i e n t Te m p e r a t u r e L i m i t s

1 0 m i l l i a m p e r e s
3 m i l l i a m p e r e s
1 m i l l i a m p e r e

0 . 5 s e c o n d
0 . 0 m i l l i a m p e r e
+60® centigrade

ELECTRICAL DATA"^

A n o d e V o l t a g e D r o p

A n o d e B r e a k d o w n Vo l t a g e
N o r m a l C a t h o d e

Output Cathodes (K1 - KIO)
Stepping Cathodes (B1 - BIO)

A u x i l i a r y A n o d e
V o l t a g e D r o p ' t o C a t h o d e K I O
B r e a k d o w n V o l t a g e
Transfer Voltage^ to Cathode KIO . . .
Transfer Voltage 3; to any Cathode

e x c e p t K I O

C a t h o d e
F o r w a r d T r a n s f e r Vo l t a g e ^ ^
D o u b l e T r a n s f e r V o l t a g e b e t w e e n O u t p u t

C a t h o d e s
T r a n s f e r V o l t a g e f r o m N o r m a l t o N e a r e s t

Output Cathodes 6,8,9
T r a n s f e r V o l t a g e f r o m N e a r e s t a n d F a r t h e s t

Output Cathodes to the Normal Cathode 7,8,9
Te m p e r a t u r e S e n s i t i v i t y - C a t h o d e Tr a n s f e r

Voltage 6

M i n . Bopey m x .
1 1 0 — v o l t s

1 5 0 2 2 5 2 7 5 v o l t s
l 8 0 2 2 5 3 0 0 v o l t s

1 5 0 1 9 0 2 5 0 v o l t s

_ _ _ 1 1 2 _ _ _ v o l t s
2 6 0 3 0 0 — v o l t s

S e e c u r v e s - F i g . 1

2 6 0 2 9 0 — v o l t s

S e e c u r v e s - F i g . 2

S e e c u r v e s - F i g . 3

S e e c u r v e s - Fig. If

S e e c u r v e s - F i g . 5

curves - Fig. 6

M E C H A N I C A L D A T A

M o u n t i n g P o s i t i o n A n y
S o c k e t ( E q u i v a l e n t t o o r ) C i n c h ^ i 4 - A 1 7 5 3 8
B u l b T 9
Dimensions and pin connect ions shown in out l ine on Page 10.

N o t e 1 A l l d a t a a r e b a s e d o n o p e r a t i o n o f t h e t u b e w i t h i n a v e r a g e c u r r e n t
r a t i n g s a t t h e t i m e o f s t e p p i n g o r t r a n s f e r o f t h e d i s c h a r g e .

N o t e 2 Vo l t a g e , w i t h r e s p e c t t o a n o p e r a t i n g c a t h o d e , a t w h i c h c o n d u c t i o n
o c c u r s f r o m t h e a u x i l i a r y a n o d e t o c a t h o d e i n d i c a t e d .

N o t e 3 M e a s u r e d w i t h m a x i m u m K I O v o l t a g e o f + 5 0 v o l t s w i t h r e s p e c t t o t h e
o p e r a t i n g c a t h o d e .

Note k Voltage, with respect to an operating cathode, applied to the adjacent
f o r w a r d c a t h o d e t o t r a n s f e r t h e d i s c h a r g e t o t h a t c a t h o d e .
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Note 5 Voltage with respect to an operating output cathode, applied to an
discharge to the non-operating output cathode.

^ ^ P P l i « d O ' l e o r b o t h
of the output cathodes K1 or KLO, which nay cause transfer of the
discharge from the normal cathode to K1 or KIO.

^ S ^ r e L i c r V ^ ^ i s v o l t a g e ,
cathodJ wMch^„^i°^®^ cathode, applied to the normalllth^l'. transfer of the discharge to the normal

® measured under static conditions. The values represent
absolute l̂ ts on output voltage for circuits in which resistive loads

teSsti^ sections captioned (l) Cathode Output Charac-teristics, (2) Frequency Characteristics.
Note 9 transfer characteristics shown in Figs. 2, 3, and 5 apply onl̂

SpS S^oSL characteris??S wKhambient temperatures can be obtained by adding the cor-rection voltages shown in Fig. 6 to the curves of Figs. 2, 3, I4. and 5
volSe®f below 25'C the absolute value of the triisfervflT'n^% +V, ambient ten^ieratures above 25 "C the absolutevalue of the transfer voltage is increased.

FORWARD TRANSFER VOLTAGE
25-0 AMBIENT (SEE NOTE 9)

8 . 2 0

I 2 3
CATHODE CURRENT IN MILLIAMPERES D-C

R G . 2



I I TRANSFER VOLTAGE FROM THE NORMAL CATHODE | |
TO THE NEAREST OUTPUT CflrHODES(K„K,o)2yC AMBIENT(SEE NOTE 9)

1 Bi-iO CATHODE BIAS VOLTAGE -
A r _ W I T H R E S P E C T T O T H E

NORMAL CATHOOE-7 I I
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I TRANSFER VOLTAGE FROM THE NEAREST AND FARTHEST |__
OUTPUT CATHODES TO THE NORMAL CATHODE. 25^ AMBIENT (SEE NODES)

I I I I I I I I I IBmo CATHODE flIAS VOLTAGE I
W I T H R E S P E C T T O T H E iOPERATING Cy>iy)E 7 I

_ _ X X I _ - | O ^ ^ O L T S
MAXIMUM T— (FA RTHEST^T — == = = = - — id;

— C A T H O D E S - - ^ - k - Z O
K 5 , K 6 ) I

T Y P I C A L
(NEAREST
C AT H O D E S -

MINIMUM
_40 — (NEAREST

CATHODES

IN MILLIAMPERES D-C
16.

TEMPERATURE SENSfTIVITY OF
CATHOOE TRANSFER VOLTAGES

(ZERO VOLTAGE REFERENCE PaNT-ZSTO AMBIENT)

Ea jB I

- 2 0 0 2 0 4 0 6 0 ^
AieCMT TEMPERATURE IN DEGREES CENTIGRADE

R G . 6

t
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NOTES ON OPERATING PRINCIPLES AND APPLICATIONS

G E N E R A L D E S C R I P T I O N

T h e e s s e n t i a l f e a t u r e s o f t h e t u b e a r e s h o w n i n F i g . ? • T w e n t y c a t h o d e s
s u r r o u n d t h e c o m m o n a n o d e . A l t e r n a t e c a t h o d e s a r e c a l l e d K o r o u t p u t c a t h o d e s
and B o r s tepp ing ca thodes respec t i ve l y. Each o f t he t en K ca thodes i s connec ted
t o a n e x t e r n a l l e a d f o r o u t p u t p u r p o s e s . T h e B c a t h o d e s a r e i n t e r n a l l y c o n n e c t e d
i n t w o g r o u p s o f fi v e ; f o r m o s t c i r c u i t a p p l i c a t i o n s t h e s e t w o g r o u p s a r e t i e d
t o g e t h e r e x t e r n a l l y .

A "no rma l " ca thode , l oca ted ou ts ide the ma in r i ng o f ca thodes near ca thode
B]_^can be used to reset or normalize the tube.

T h e t u b e a l s o h a s a n a u x i l i a r y a n o d e w h i c h c a n b e u s e d t o p r o d u c e a n o u t
p u t s i g n a l o n e v e r y t e n t h s t e p .

ORECTION OF FORWARD TRANSFER -

V I E W I N G H O L E F O R
N O R M A L C A T H O D E

N O R M A L
CATHODE

A U X I L I A R Y
A N O D E

SECTION A-A

Fiar CATHODE-ANODE STRUCTURE

S T E P P I N G M E C H A N I S M

Figure 8 shows three stages of a stepping tube with a discharge establi'shed
between Ki and the anode. If the B cathodes are at the same potential as Ki or
higher, the discharge remains in the gap between Ki and the anode. However, if
the potential of the B cathodes is depressed sufficiently below that of the K
cathodes, the discharge transfers to one of the adjacent B cathodes. This causes
the anode potential to fall below that needed to sustain the discharge to K^, so
that the discharge to Ki extinguishes. If the B cathodes are then made more posi
tive than the K cathodes, a similar transfer takes place, this time from the
operating B cathode to an adjacent K cathode. By virtue of a built-in preference
mechanism, the transfer always takes place in one direction (from left to right
in Fig. 8). It fol lows that by biasing the B cathodes posit ively with respect
to the K cathodes and by superimposing large negative pulses on the bias voltage,
the discharge can he caused to step from K cathode to K cathode, the position of
the d ischarge advanc ing one K ca thode to the r igh t fo r each pu lse .

The preference in the direction of transfer is accomplished by making each
cathode with a low-efficiency portion and a high-efficiency portion. The cath
o d e s c o n s i s t o f a c o i l o f w i r e f o r m i n g a " h o l l o w " a n d a w i r e e x t e n s i o n , c a l l e d
a "pick-up tab" (see Fig. 7). The discharge is more efficient in the hollow
t h a n o n t h e t a b a n d t h e s u s t a i n v o l t a g e i n t h e h o l l o w i s l o w e r. T h e t a b e x
tends into the region of ionization of the preceding cathode. This faci l i tates
transfer of the discharge to the cathode on the right when the potential of
the right-hand cathode is sufficiently below that of the operating cathode.
The discharge at first transfers to the tab^but since the discharge is rela
tively inefficient there, it travels immediately to the hollow portion- Curves
of typical and maximum transfer voltage are shown in Fig. 2.



K'SsCXTTPUT cathodes

FIG. 8 3-STAGE STEPPING SYSTEM

The glow discharge can be transferred from any output cathode to the normal cathode
b y a p p l y i n g a s u f fi c i e n t l y l a r g e n e g a t i v e v o l t a g e t o t h e n o r m a l c a t h o d e . T h e m a g n i t u d e
o f vo l tage needed to accomp l i sh the t rans fe r i s g i ven by the cu rves shown in F ig . 5 -
F r o m F i g . 7 i t c a n b e s e e n t h a t t h e s t e p p i n g c a t h o d e h a s t w o p i c k - u p t a b s w h i c h
enable it to transfer the discharge from normal to Ki or from Kio to Ki. Hence, once
t h e d i s c h a r g e i s e s t a b l i s h e d o n t h e n o r m a l c a t h o d e , t h e n e x t s t e p p i n g p u l s e t r a n s f e r s
t h e d i s c h a r g e t o

A U X I L I A R Y A N O D E O U T P U T
The auxiliary anode is located directly underneath output cathode Kio and is shielded

from all other cathodes (see Fig. 7)« At voltages below the breakdown limits shown in
the data, the auxiliary anode remains at its supply voltage except when the discharge is
o n K i o « W h e n t h e d i s c h a r g e s t e p s t o b o t h t h e a u x i l i a r y a n o d e a n d t h e m a i n a n o d e
conduct to Kio output vol tage can be detected by means of sui table c i rcui t ry con
nec ted to the aux i l i a ry anode . F ig . 1 shows the min imum vo l tage wh ich mus t be app l ied
t o t h e a x i x i l i a r y a n o d e f o r t r a n s f e r t o t a k e p l a c e .

A t y p i c a l a u x i l i a r y a n o d e c i r c u i t i s s h o w n i n F i g . 9 - S h o r t O y a f t e r t h e m a i n d i s
charge steps to Kio the auxiliary anode conducts to Kiq in addition to the main anode.
The resu l t ing vo l tage drop appears across R as a negat ive s igna l which can be used to
drive a succeeding stage or to operate other devices. If the components are properly
chosen , the aux i l i a ry anode d ischarge can be ex t ingu ished by s tepp ing the ma in d ischarge
t o B i . I f R a a a n d C a r e s u f fi c i e n t l y l a r g e a n d R i s s u f fi c i e n t l y s m a l l , t h e c i r c u i t
shown in Fig. 9 inay function as a relaxation oscillator, giving output pulses at regular
inter\/'als as long as the discharge remains on Kiq. However, such a circuit may be use
ful if the discharge is stepped out of Kio before the second output pulse is generated
b y t h e o s c i l l a t o r .

Time de lay T, shown in the wave fo rm o f F ig . 9^ rep resen ts the t ime requ i red fo r the
discharge to travel along the Kiq pick-up tab, fill the hollow, and transfer conduction
t o t h e a u x i l i a r y a n o d e . I t s l e n g t h i s o f t h e o r d e r o f 1 0 0 t o 2 0 0 m i c r o s e c o n d s , d e p e n d i n g
on ca thode cu r ren t and aux i l i a r y anode vo l t age .

+ A N O D E S U P P L Y

A U X I L I A R Y A N O D E -

I N P U T P U L S E D I R E C T I O N O F
T R A N S F E R

A U X I L I A R Y
A N O D E S U P P L Y

^ B'S= STEPPING CATHODES
K'S=OUTPUT CATHODES

F I G . 9 A U X I L I A RY A N O D E O P E R AT I O N
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CATHODE OUTPUT CHARACTERISTICS

The position of the discharge can be readily observed from the top of the
tube. If visi^a output is not adequate, an output signal may be taken from any
desired K cathode by inserting resistors in series with the cathode leads. Fig.
10 shows a possible circuit. In such a circuit, greater peak-to-peak voltage
must be applied to the B cathodes to acccanplish the stepping fiinction. To assxire
that the discharge to the K cathodes will be extinguished when the stepping ptilse
is applied, the negative swing of the stepping pulse must fall at least 10 volts
below the K cathode return voltage. On the other hand, to assure that the dis
charge to the B cathodes will be extinguished when the stepping pulse is removed,
the B cathodes must be biased at least 10 volts above the potential of the
operating cathode, i.e., 10 volts above the output voltage developed across the
cathode resistor. Therefore, the driving voltage necessarily exceeds the'output
v o l t a g e i n m a g n i t u d e .

In general, the magnitude of the output voltage is limited by the double
transfer to either another output cathode or the normal cathode (see notes 5 and
7). The voltage curves which set these limits are shown in Figs. 3, it-, and 5.

FIG. 10

FREQUENCY CHARACTERISTICS

At f requenc ies above abou t 1000 cyc les per second , the de ion iza t ion t ime o f
t h e g a p s b e c o m e s a l i m i t o n a v a i l a b l e o u t p u t v o l t a g e . To a v o i d b a c k - t r a n s f e r a t
high frequencies because of residual ionization in the preceding gap, it may be
necessary to reduce the output voltage. It is also helpful to apply a squeire
wave input pulse. This speeds up the transfer of the discharge into the hollow,
thereby allowing more time for deionization of the preceding gap.
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The circuit shown in Fig. 11 can be used to obtain greater output voltage
at higher frequencies. In this circuit, a capacitor Ck across the output re
sistor Rk holds the output cathode being deionized positive to prevent back-
transfer. In the part icular case i l lustrated, transfer to the next K cathode
(Kn + 1) takes place as soon as the discharge has traveled down the pick-up tab
of Bn + 1, because Kn + 1 is appreciably more negative than Bn + 1. on the
other hand, is held positive by its capacitor, so that transfer can only take
place in the forward direction. Because the rise of the Kn + 1 voltage is de
layed by the capacitor, the discharge to Bn + 1 is extinguished at the same
voltage level at which transfer occurred. The required driving voltage is there
f o r e s m a l l e r t h a n i n t h e a l l - R c i r c u i t . I n t h i s c i r c u i t t h e B c a t h o d e s a r e s a i d
to be "unstable" because the discharge remains on them for only a portion of the
stepping pulse. The driving signal need only go from the bias voltage (V output+ lOv) to a voltage which is below the output voltage by the maximum forward
transfer voltage. The output voltage in turn must be greater than twice the
forward transfer voltage. The time constant Rj^-Ck should be so chosen that Ck
discharges almost completely by the time the same cathode is to conduct again.

The time required for transfer from K cathode to K cathode (t2 - tq) is
less for higher output voltages. This results in an increased frequency l imit.
However, since the B cathodes are all connected together, no capacitor preference
mechanism can be applied to them, and the ultimate frequency limit is determined
by the condition that the spacing between B pulses be greater than the B-gap
deionizat ion t ime. The driving frequency l imit for the circuit of Fig. 11 is
approx imate ly 5000 cps .

O t h e r R C c i r c u i t s c a n b e c o n s t r u c t e d i n w h i c h :

(1) B and K cathodes are stable
(2) B cathodes are stable, K cathodes are unstable
(3) B and K cathodes are unstable

Each of these modes has somewhat different design requirements.

+ A N O D E S U P P L Y

B l | K I T B 2 T K 2 T B 3 T K 3

Ck± : R l< Ckz : Rk< Ck± Rk^

K 3 O U T P U T P U L S E

- I - B I A 8
V O LTA G E

- h B l A S

^1 1^ Ml
W
MINIMUM PULSE
WIDTH

I N P U T P U L S E

K n + I O U T P U T

K n O U T P U T

FIG. I I
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-KIO CATHODE POSHON
REFERENCE MARK

KIO CATHODE POSITION
STEPPING CATHODE I POSITION
NORMAL CATHODE POSITION
Kl CATHODE POSITION
STEPPING CATHODE 2 POSITION
-K2 CATHODE POSITION

.040f±002"DIAJ

—|.656"DIA.|—
.3l2"DIA.-■^ K U

B I - B 5 -

N0RMAL(ZER0) CATHODE '

K 9 K 8
•-AUXILIARY ANODE

f = DIRECTION OF FORWARD TRANSFER
SCHEMATIC DIAGRAM

PIN I. OUTPUT CATHODE (K3)
PIN aOUTPUT CATHODE (K2)
RN 3.0UTPUT CATHODE (Kl)
PIN 4. OUTPUT CATHODE (KIO)
R N 5 . A U X I U A RY A N O D E
RN 6.(IC)INTERNAL CONNECTION
RN 7 OUTPUT CATHODE (K9)
PIN a OUTPUT CATHODE (K8)

PIN 9. OUTPUT CATHODE (K7)
PIN K). OUTPUT CATHODE (K6)
PIN I I . STEPPING CATHODES B6-BI0
PIN 12. OUTPUT CATHODE (K5)
RN 13. OUTPUT CATHODE (K4)
RN 14. STEPRNG CATHODES BI-B5
P I N l a N O R M A L C AT H O D E

PIN 19. ANODE

NOTE:- BASE RN NOe MARKED "INTERNAL CONNECTION" SHOULD
NOT BE CONNECTED TO ANY PORTION OF AN EXTERNAL
CIRCUrr. FAILURE TO OBSERVE THIS PRECAUTION MAT
RESULT IN IMPROPER OPERATION OF THE TUBE.

A d e v e l o p m e n t o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f
the American Telephone and Telegraph Company and the Western Electr ic Company

1 - F - 5 7 - ^ P R U f T E D X N U « S « A «



B E L L S Y S T E M P R A C T I C E S
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

A B 4 6 . 4 4 0 A
I s s u e 1 , J a n u a r y 1 9 6 2
A . T . & T . C o . S t a n d a r d

E L E C T R O N T U B E D A T A S H E E T

WESTERN ELECTRIC 440A ELECTRON TUBE

TRIODE
L O W- P O W E R A M P L I F I E R

D E S C R I P T I O N

The 440A i s a fi lamen ta ry t r i ode des igned fo r use as a vo i ce f requency and
ca r r i e r f r equency amp l i fie r whe re l ow power ou tpu t i s r equ i r ed , a l so as an osc i l
l a t o r , a m o d u l a t o r , o r a d e m o d u l a t o r . T h e 4 4 0 A i s i d e n t i c a l t o t h e l O l P e l e c t r o n
t u b e e x c e p t t h a t i t i s fi t t e d w i t h a s t a n d a r d A 4 - 9 m e d i u m 4 - p i n p u s h t y p e b a s e .

C H A R A C T E R I S T I C S

F i l a m e n t C u r r e n t ( N o t e 1 , P a g e 2 )
P l a t e C u r r e n t

Power Outpu t
Efj = 130 volts
Ep = -8 volts

I Rj = 12000 ohms ,

0 . 5 0 a m p e r e

6 . 8 m i l l i a m p e r e s
5 3 m i l l i w a t t s

ELECTRON TUBE DATA SHEET
P I L E : G E N E R A L P U R P O S E S E C T I O N

American Telephone and Telegraph Company 1962 440A
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GENERAL CHARACTERISTICS

E l e c t r i c a l D a t a

F i l a m e n t V o l t a g e ( D - C ) . . . .
Fi lament Current (D-C) (Note 1).
D i rec t In te re lec t rode Capac i tance

G r i d T o P l a t e
G r i d T o F i l a m e n t
P l a t e T o F i l a m e n t

M e c h a n i c a l D a t a

C a t h o d e C o a t e d F i l a m e n t
B u l b S T 1 4
B a s e A 4 - 9 m e d i u m 4 - p i n
M o u n t i n g P o s i t i o n P r e f e r a b l y v e r t i c a l , i f h o r i z o n t a l t h e p o s i t i o n

of the p lane o f the fi lament shou ld be ver t ica l

MAXIMUM RATINGS, Absolute System (Note 2)

F i l a m e n t Vo l t a g e
P l a t e V o l t a g e .
P l a t e P o w e r . .

Dimensions and pin connections shown in outline drawing on page 6.

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

F i l a m e n t C u r r e n t . . . . 0 . 5 0 0 . 5 0 0 . 5 0 0 . 5 0 a m p e r e
P l a t e V o l t a g e • . . . 1 3 0 1 6 0 1 9 0 1 9 0 v o l t s
G r i d Vo l t a g e . . . . - 8 - 1 0 - 1 4 - 1 4 v o l t s
P l a t e C u r r e n t . . . . 6 . 8 1 0 . 0 1 0 . 9 1 0 . 9 m i l l i a m p e r e s
T r a n s c o n d u c t a n c e . . . . 1 1 2 0 1 3 0 0 1 3 3 0 1 3 3 0 m i c r o m h o s
P l a t e R e s i s t a n c e . . . . 5 8 0 0 5 0 0 0 4 9 0 0 4 9 0 0 o h m s
A m p l i fi c a t i o n F a c t o r . . . . 6 . 5 6 . 5 6 . 5 6 . 5
L o a d R e s i s t a n c e . . . . 1 2 0 0 0 5 0 0 0 4 9 0 0 1 2 0 0 0 o h m s
Power Outpu t . . . . 5 3 1 0 0 2 0 5 1 8 0 m i l l i w a t t s
T o t a l H a r m o n i c D i s t o r t i o n • • . . . . . . 1 , 4 3 . 2 4 . 5 1 . 4 p e r c e n t

N o t e 1 : T h e fi l a m e n t o f t h i s t u b e i s d e s i g n e d t o o p e r a t e o n a c u r r e n t b a s i s a n d s h o u l d b e o p e r a t e d
a t a s n e a r t h e r a t e d c u r r e n t a s p r a c t i c a b l e .

Note 2: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
all values may not, therefore, be attained simultaneously.
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B E L L S Y S T E M P R A C T I C E S
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

A B 4 6 . 4 4 1 A
I s s u e 1 , J a n u a r y 1 9 6 2
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELKTRIC 44IA ELECTRON TUBE

n
, i

T R I O D E
V O LTA G E A M P L I F I E R

D E S C R I P T I O N

The 441A is a filamentary triode designed for use as a voice frequency and
carrier frequency voltage amrlifier, detector, or modulator. The 441A is identical
to the 102F electron tube except that it is fitted with a standard A4-9 medium
4 - p i n p u s h t y p e b a s e .

C H A R A C T E R I S T I C S

F i l a m e n t C u r r e n t ( N o t e 1 , P a g e 2 ) 0 . 5 0 a m p e r e
0 . 6 0 m i l l i a m p e r e

3 7 v o l t s

Plate Current- • • • [ ~ ^^O volts
i E „ = - 2 . 0 v o l t sPeak Output Voltage ■ rJ = q.1 megohm

ELECTRON TUBE DATA SHEET
FILE: GENERAL PURPOSE SECTION

(F) American Telephone and Telegraph Company 1962 4 4 1 A



4 4 I A - P A 6 E 2

GENERAL CHARACTERISTICS

E l e c t r i c a l D a t a

F i l a m e n t V o l t a g e ( D - C ) . . . .
Fi lament Current (D-C) (Note 1) .
D i r e c t I n t e r e l e c t r o d e C a p a c i t a n c e s

G r i d To P l a t e
G r i d To F i l a m e n t
P l a t e To F i l a m e n t

M e c h a n i c a l D a t a

v o l t s
a m p e r e s

C a t h o d e C o a t e d F i l a m e n t
B u l b S T 1 4
B a s e A 4 - 9 m e d i u m 4 - p i n
M o u n t i n g P o s i t i o n • • • . P r e f e r a b l y v e r t i c a l , i f h o r i z o n t a l t h e p o s i t i o n

of the p lane o f the fi lament shou ld be ver t ica l
D i m e n s i o n s a n d p i n c o n n e c t i o n s s h o w n i n o u t l i n e d r a w i n g o n p a g e 6 .

MAXIMUM RATINGS, Absolute System (Note 2)

F i l a m e n t V o l t a g e 2 . 2
P l a t e V o l t a g e 2 0 0
P l a t e P o w e r 0 . 5

v o l t s
v o l t s
w a t t s

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

F i l a m e n t C u r r e n t 0 . 5 0 . 5 0 . 5
P l a t e V o l t a g e 1 3 0 1 6 0 1 9 0
G r i d V o l t a g e - 2 . 0 - 3 . 0 - 2 . 0
P l a t e C u r r e n t 0 . 6 0 0 . 5 5 1 . 8 5
T r a n s c o n d u c t a n c e 5 3 0 5 2 0 8 0 0
P l a t e R e s i s t a n c e 5 8 0 0 0 6 0 0 0 0 3 9 0 0 0
A m p l i fi c a t i o n F a c t o r 3 0 . 9 3 0 . 9 3 1 . 0
L o a d R e s i s t a n c e 0 . 1 0 . 1 0 . 1
P e a k O u t p u t V o l t a g e 3 7 5 3 4 1

1 . 8 5 m i l l i a m p e r e s
8 0 0 m i c r o m h o s

3 9 0 0 0 o h m s
3 1 . 0

0 . 3 m e g o h m s
5 0 v o l t s

N o te 1 : Th e fi l a me n t o f t h i s t u b e i s d e s i g n e d t o o p e ra te o n a cu r re n t b a s i s a n d sh o u l d b e o p e ra te d
a t a s n e a r t h e r a t e d c u r r e n t a s p r a c t i c a b l e .

Note 2: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
all values may not, therefore, be attained simultaneously.



PAGE 3 -4 4 1 A

■■■■■■■■■■■■■■ s i B R f l m n n

2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 I S O 1 8 0 2 0 0 2 2 0 2 4 0 2 8 0
P L AT E V O LTA G E I N V O LT S

FIG. I

F ILAMENT CURRENT s0 .50 AMPERE

H B B B e a B B d g a B E !

I P ^

- 8 - 5 . 5 - 5 - 4 . 5 - 4 - 3 . 5 - 3 - 2 . 5 - 2 - L 5 - I - 0 . 5 0 + 0 . 5 + 1 + 1 . 5 + 2
G R I D V O LTA G E I N V O LT S

F I G . 2



4 4 1 A - PA G E 4

S 3l.5f

2 30.5[

I 5 - 3 - 2 . 5
G R I D V O LTA G E I N V O LT S

F I G . 3

( 0

1 6 0 0 0 0

1 4 0 0 0 0

1 2 0 0 0 0

1 0 0 0 0 0

i t i

sl

2 0 0 0 0

p — I I 1 I I 1 1 1 1 1 1 -
- f

n u : n t Q J R R E N T = 0 . 9 O ' E R E

V_ 1 r
UJ 9 0 ■ u 1 3A

r
\ \

\
s;>

s

_ _ _ _ _ _ — M l - — M



P A 6 E 5 - 4 4 I A

< 2 0 0
w

- 4 . 5 - 4 - 3 . 5 - 3 - 2 . 5
G R I D V O LTA G E I N V O LT S

FIG. 6



A d e v e l o p m e n t o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f t h e A m e r i c a n Te l e p h o n e
and Telegraph Company and the Western Electric Company.

P R I N T E D I N U . S . A .



S E L L S Y S T E M P R A C T I C E S
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

S E C T I O N A B 4 6 . 4 4 2 A
I s s u e 1 . M a r c h 1 9 6 2
A . T . & T . C o . S t a n d a r d

E L E C T R O N T U B E D A T A S H E E T

WESTERN ELECTRIC 442A ELECTRON TUBE

T R I O D E

P O W E R A M P L I F I E R

D E S C R I P T I O N

The 442A is a fi lamentary t r iode designed for use as an audio- f requency power
a m p l i fi e r o r m o d u l a t o r . T h e 4 4 2 A i s i d e n t i c a l t o t h e 2 0 5 P e l e c t r o n t u b e e x c e p t t h a t
i t i s fi t t e d w i t h a s t a n d a r d A 4 - 9 m e d i u m 4 - p i n p u s h t y p e b a s e .

C H A R A C T E R I S T I C S

F i l a m e n t Vo l t a g e

Plate Current • ■ • • J E^ = 350 volts 1
Power Output • . • . 1 E ,̂ = -22. 5 volts J

4 . 5 v o l t s

3 5 m i l l i a m p e r e s

8 8 0 m i l l i w a t t s

P i l e : G e n e r a l P u r p o s e S e c t i o n

@ American Telephone and Telegraph company 1962 4 4 2 A



4 4 2 A - P A 6 E 2

GENERAL CHARACTERISTICS

E l e c t r i c a l D a t a

Fi lament Vol tage (A-C) or (D-C) .
F i l a m e n t C u r r e n t
D i r e c t I n t e r e l e c t r o d e C a p a c i t a n c e s

G r i d T o P l a t e
I n p u t
O u t p u t

M e c h a n i c a l D a t a

C a t h o d e C o a t e d F i l a m e n t
B u l b S T 1 4
B a s e A 4 - 9 m e d i u m 4 - p i n
M o u n t i n g P o s i t i o n P r e f e r a b l y v e r t i c a l ; i f h o r i z o n t a l , p i n s

#1 and #2 must lie in same vertical plane
Dimensions and pin connections shown in outline drawing on page 6.

MAXIMUM RATINGS, Absolute System

P l a t e V o l t a g e
P l a t e C u r r e n t
P l a t e D i s s i p a t i o n

4 0 0 v o l t s
5 5 m i l l i a m p e r e s
1 4 w a t t s

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

F i l a m e n t Vo l t a g e ( A - C ) . . . 4 . 5 4 . 5 4 . 5 4 . 5 v o l t s

P l a t e V o l t a g e . . . 2 5 0 3 0 0 3 5 0 3 5 0 v o l t s

G r i d Vo l t a g e » . . . - 2 2 - 1 8 - 2 2 . 5 - 2 2 . 5 v o l t s

P e a k A - F S i g n a l Vo l t a g e . . . 2 2 1 8 2 2 . 5 2 2 . 5 v o l t s
Z e r o S i g n a l P l a t e C u r r e n t . . . 1 1 . 5 3 0 3 5 3 5 m i l l i £ u n p e r e s
M a x i m u m S i g n a l P l a t e C u r r e n t - - - • . . . 1 2 3 0 . 5 3 6 3 6 m i l l i a m p e r e s
T r a n s c o n d u c t a n c e . . . 1 3 5 0 1 8 8 0 1 9 5 0 1 9 5 0 m i c r o m h o s
P l a t e R e s i s t a n c e . . . 5 3 0 0 3 8 0 0 3 7 0 0 3 7 0 0 o h m s
L o a d R e s i s t a n c e . . . 1 2 0 0 0 8 0 0 0 4 0 0 0 8 0 0 0 o h m s

A m p l i fi c a t i o n F a c t o r . . . 7 . 2 7 . 2 7 . 2 7 . 2

M a x i m u m S i g n a l P o w e r O u t p u t . . . . . . . 5 5 0 4 5 0 8 8 0 7 6 0 m i l l i w a t t s
To t a l H a r m o n i c D i s t o r t i o n . . . 4 . 6 1 . 6 2 . 8 1 . 4 p e r c e n t

• I f f i lament is operated on D-C the character ist ics wi l l be approximately the same i f the gr id
voltage, measured from the negative filament, is decreased by 2.3 volts.
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B E L L S Y S T E M P R A C T I C E S
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

A B 4 6 . 4 4 3 A
I ssue 2 , Janua ry 1962
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 443A ELECTRON TUBE

D E S C R I P T I O N

T h e 4 4 3 A i s a t h r e e - e l e c t r o d e i n e r t - g a s fi l l e d m i n i a t u r e c o l d c a t h o d e t u b e f o r
u s e i n r e l a y , v o l t a g e r e g u l a t o r o r r e c t i fi e r c i r c u i t s . T h i s t u b e i s e s p e c i a l l y
s u i t a b l e f o r u s e i n c o n t r o l c i r c u i t s s u c h a s i n t r i g g e r i n g , c o u n t i n g o r s w i t c h i n g
a p p a r a t u s .

T h i s t u b e i s d e s i g n e d f o r s o c k e t m o u n t i n g . I t i s i d e n t i c a l , e l e c t r i c a l l y a n d
mechanical ly, to the 426A except that i t is not at tached to a plast ic angle mount ing
b r a c k e t .

C H A R A C T E R I S T I C S

P e a k A n o d e Vo l t a g e■ • •
A v e r a g e C a t h o d e C u r r e n t -
A v e r a g e L i f e , A p p r o x i m a t e

1 8 0 v o l t s
7 . 5 6 0 m i l l i a m p e r e s

1 0 0 0 0 1 0 h o u r s

P i l e : C o l d C a t h o d e S e c t i o n

@ American Telephone and Telegraph Company 1962 4 4 3 A



4 4 3 A - PA 6 E 2

MAXIMUM RATINGS, Absolute System (Note i)

Fo rward Peak Anode Vo l tage
F o r w a r d C a t h o d e C u r r e n t ( N o t e 2 )

P e a k
A v e r a g e
Av e r a g i n g T i m e

P e a k I n v e r s e C u r r e n t ( N o t e 2 )
A n o d e
S t a r t e r

A m b i e n t Te m p e r a t u r e L i m i t s

1 8 0 v o l t s

6 0 m i l l i a m p e r e s
3 0 m i l l i a m p e r e s

2 s e c o n d s

5 m i l l i a m p e r e s
1 m i l l i a m p e r e

- 5 5 t o + 8 5 c e n t i g r a d e

ELECTRICAL DATA, Throughout L i fe
M i n . B o e e y M a x .

S t a r t e r B r e a k d o w n Vo l t a g e . . ^ 6 5 7 2 8 5 v o l t s
S t a r t e r V o l t a g e D r o p a t 3 M i l l i a m p e r e s ( N o t e 3 ) . . . 5 3 6 3 7 2 v o l t s
A n o d e Vo l t a g e D r o p a t 1 0 M i l l i a m p e r e s ( N o t e s 4 & 5 ) . . 6 3 6 9 7 5 v o l t s
T r a n s f e r C u r r e n t S e e C u r v e - F i g . 1
I o n i z a t i o n T i m e , S t a r t e r G a p ( N o t e 6 ) - 1 0 - m i l l i s e c o n d s
D e i o n i z a t i o n T i m e , M a i n G a p - 6 - m i l l i s e c o n d s
I n v e r s e C u r r e n t a t - 1 2 0 Vo l t s A n o d e P o t e n t i a l ( N o t e 7 ) . - 3 m i l l i a m p e r e s

M E C H A N I C A L D A T A

M o u n t i n g A n y P o s i t i o n
N e t W e i g h t 0 . 3 O u n c e
D i m e n s i o n s a n d P i n C o n n e c t i o n s s h o w n i n o u t l i n e d r a w i n g o n P a g e 4 .

HANDLING

T h i s t u b e c o n t a i n s a s m a l l a m o u n t o f k r y p t o n - 8 5 g a s w h i c h i s a b y - p r o d u c t
r a d i o a c t i v e m a t e r i a l . T h e a m o u n t o f k r y p t o n - 8 5 i s l e s s t h a n fi v e m i c r o c u r i e s , w h i c h
is too small an amount to require any special care in use.

A tomic Energy Commiss ion regu la t ions requ i re tha t the ind iv idua l tube car ton
fo r t ubes con ta in ing by -p roduc t rad ioac t i ve ma te r i a l be app rop r i a te l y marked . The
mark ing inc ludes the s ta tement tha t tube d isposa l shou ld be in approved manner.

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s ;

Tubes to be d isposed o f shou ld be b roken or c rushed in a we l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
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
locat ion. Avoid breathing vapors from broken tubes.

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.

N o t e 2 : S u f fi c i e n t r e s i s t a n c e m u s t b e u s e d i n s e r i e s w i t h t h e t u b e t o a s s u r e t h a t t h e e l e c t r o d e
c u r r e n t s d o n o t e x c e e d t h e m a x i m u m r a t e d v a l u e s .

Note 3: Starter voltage oscil lations of approximately 1 to 10 kilocycles and 12 volts peak-to-peak
w i l l b e p r e s e n t a t s t a r t e r c u r r e n t v a l u e s b e l o w 0 . 0 5 m i l l i a m p e r e .

Note 4: Approximately 95% of tubes will be within limits of ± 2.8 volts from the bogey value



B E L L S Y S T E M E E I A C T I C E S
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n T u b e D a t a

Issue 1, August i960
A . T . & T . C o . S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELBinHIC 444A ELECTRON TUBE

D E S C R I F T I O H

The Wl-A tube is a medium power helix-type
t r a v e l i n g w a v e a m p l i fi e r f o r a p p l i c a t i o n i n t h e
6000 megacycle frequency region. It is intended
p r i m a r i l y f o r o p e r a t i o n a s a t r a n s m i t t i n g a m p l i fi e r
i n t h e r e p e a t e r s t a t i o n s o f l o n g - d i s t a n c e r a d i o r e l a y
s t a t i o n s .

C H A R A C T E R I S T I C S

H e a t e r V o l t a g e
H e a t e r C u r r e n t . .
A c c e l e r a t o r A n o d e Vo l t a g e
H e l i x V o l t a g e
C o l l e c t o r V o l t a g e
P o w e r O u t p u t ( M i n .

F i l e : M ic rowave TYp^ Sec t i on
Data Sheet Issue 1, 8-60

© Amerlciui lelephon. md T»I«graph Conpaoy I960



4 4 4 A - P A 6 E 2

GENERAL CHARACTERISTICS (Notes 1 8g 2)

E L E C T R I C A L D A T A

H e a t e r V o l t a g e 6 . 3 v o l t s
H e a t e r C u r r e n t 0 9 2 a m p e r e
A c c e l e r a t i o n A n o d e V o l t a g e ( N o t e 3 ) 2 7 0 0 v o l t s
A c c e l e r a t o r A n o d e C u r r e n t ( M a i x . ) O . 6 O m i n i a m p e r e
H e l i x V o l t a g e ( N o t e i < - ) 2 4 o O v o l t s
H e l i x C u r r e n t ( M a x . ) O . i ) - m i l l i a n ^ j e r e
C o l l e c t o r V o l t a g e 1 2 0 0 v o l t s
P o w e r O u t p u t . . ( M i n . ) 5 * 0 w a t t s
G a i n a t 5 w a t t s ( 3 7 d b m ) O u t p u t 3 2 . 5 d b
N o i s e F i g u r e . ( M a x . ) 3 0 d b
G a i n V a r i a t i o n ( N o t e 5 ) 2 0 d b
I n p u t M a t c h ( N o t e 6 ) ( M i n . ) 2 1 d b
O u t p u t M a t c h ( N o t e 6 ) ( M i n . ) 1 1 d b
S p u r i o u s N o i s e ( N o t e 7 ) ( M a x . ) 1 0 d b

M E C H A N I C A L D A T A

C a t h o d e I f a i p o t e n t i a l
M o u n t i n g P o s i t i o n A n y -
E x t e r n a l L e a d s 5 " F l e x i b l e w i t h I x i g s

MAXIMUM RATINGS, Absolute .System

H e a t e r V o l t a g e
A c c e l e r a t o r A n o d e Vo l t a g e
A n o d e C u r r e n t

A n o d e P o w e r . . . . . . . . . . . . . . . . . .
H e l i x V o l t a g e
H e l i x C u r r e n t
H e l i x P o w e r . . . . . . . . . . . . . . . . . .
C o l l e c t o r V o l t a g e
C a t h o d e C u r r e n t
C o l l e c t o r P o w e r
H e a t e r C a t h o d e Vo l t a g e
Bu lb Te i i 5 )e ra tu re
Collector Temperatxire (requires forced-air . .

c o o l i n g . S e e O p e r a t i n g p r e c a u t i o n s - P a r a g r a p h
Page h ).

6 . 6 v o l t s
3 0 0 0 v o l t s
2 . 0 m i l l i a m p e r e s
2 . 5 w a t t s

2 7 0 0 v o l t s
2 . 0 m i l l i a m p e r e s
2 . 5 w a t t s

2 0 0 0 v o l t s

5 0 m i l l i a m p e r e s
8 0 w a t t s

± 45 volts
125 "C

, 150"C
A
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TYPICAL OPERATING DATA (Notes 1 & 2]

H e a t e r V o l t a g e
Accelerator Anode Voltage (Note 3)
Helix Voltage (Note k)
C o l l e c t o r V o l t a g e
A c c e l e r a t o r A n o d e C u r r e n t
H e l i x I n t e r c e p t C u r r e n t
C o 3 J . e c t o r C u r r e n t
P o w e r O u t p u t . .
G a i n
Gain Variation With Frequency Change (Note 5),
N o i s e F i g u r e • • • • • • • • • • • • • • • • •
Input Matcdi (Note 6)
Output Match (Note 6)
Spurious Noise (Note 7)

Note 1 ; Opera ted in a s t ra igh t -fie ld permanent magnet ic c i rcu i t , us ing
WR 159 wave guide coupling, with the following magnetic charac
teristics: (a) a straight field of 580 gauss minimum which tapers
off to 20 gauss nominal at the cathode location (b) a cross field,
in the wave guide region, of 1.2 gauss maximum in each of two
orthogonal planes (c) a cross field, between wave guides, of 1.7
gauss maximum in each of two orthogonal planes.

W

Note 2: Operated with the input frequency being swept over the range of
5925 to 61^25 mc.

Note 3: Adjusted for collector current of 40 millian^jeres.

Note Adjusted for maximum gain while the output power is maintained
a t 5 w a t t s .

Note 5: Measured over the 50 mc segment of the 5925 - mc band having
t h e g r e a t e s t g a i n v a r i a t i o n .

Note 6: The match is measured on the basis of return loss, i.e. the amount
by which a reflected signal is down from an incident signal, ex
pressed in decibels. The values given are at the points of minimum
return loss in the frequency band of 5925 "to 6'l-25 mc with match
adjusted to it's best position for the entire band. The match is
measured with the tube in its maximum gain condition per Note It.

Note 7: Spurious noise includes all wide-band or narrow-band spikes. For
this test the tube input is single frequency (not swept). The limit
given is the level above the normal tube thermal noise output, when
thermal noise and spurious noise are meas\ared simultaneously in a
bandwidth of 25OO cycles, the 25OO cycle bandwidth being examined over
the frequency range of 0.3 to 10 mc away from the driver frequency.



4 4 4 A - PA 6 E 4

OPERATING PRECAUTIONS

(a) The tube should not be operated without cooling air on the collector
te rm ina l . The requ i red a i r flow w i l l depend on t he phys i ca l configu r
a t i o n o f t h e h o u s i n g s u r r o \ m d i n g t h e c o l l e c t o r .

(b) The operating voltages are arrsinged to facilitate the flow of positive
ions toward the co l lec to r ra ther than toward the ca thode . There fo re ,
f o r o p t i m u m c a t h o d e l i f e t h e a c c e l e r a t o r a n o d e v o l t a g e s h o u l d b e m a i n
ta ined a t l eas t 25 vo l t s above the he l i x vo l tage . However, th i s vo l tage
condition is violated init ially when putting the tube into operation.
The sequence of voltage application should be - heater, collector, helix
and anode. The reverse order is used when terminat ing operat ion of the
t u b e .

(c) For optimum tube life the current to the helix should be maintained at
t h e m i n i m u m v a l u e o b t a i n a b l e .

TYPICAL OPERATION RANGE FOR 100 MC BANDWOTH
t S O l I I I I I I I 1 ! — I

* 30 -}5!
Q u i- 2 0 - 8

t - 1 0

0

, « - 8

-40 [{-i
4 I C M P U T R A N G E 7 8

- 8 0 - 6 0 - 4 0 - 2 0 0 2 0
PO«VER MPUT - db REFERRED TO 10 MN.UVMJT

FIG I
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POWER OUTPUT VS. POWER NPUT (STEADY STATE)

- 1 2 - e - 4 0 4 8 1 2
POWER INPUT - db REFERRED 10 1.0 MILUWOT

F I G . E

POWER OUTPUT VS. POWER INPUT (STEADY STATE)
WITH VARYING BEAM CURRENT (COLLECTOR CURRENT)

.E^ MAMTAINED AT THE OPTIMUM
V O LTA G E V i M . U E O B TA I N E D W H E N

4 0 m A ( l c

f - 6 . l 7 5 m c

18 L-
- 2 0 - 1 6 - 1 2 - 8 - 4 0 4 8 1 2

POWER WPUT - db REFERRED TO 1.0 MILLIWATT

F I G S

1 6 2 0
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0

- H
«

1 0
s Q

+ 1
S -

r o

0 V i q
K +i
a i 3

1 li
OUTPUT
C O U P L E R -

. 3 2 0 "
MAX.OIA.H

I N P U T
C O U P L E R -

. 9 8 5
MAX. DIA.-

S U R F A C E
- A " -

-REFERENCE SURFACE "C"
a COLLECTOR TERMINAL

i n ^ m

8§.§
^ + l - H
g'olo

CATHOOE
(YELLOW WIRE)

A N O D E
(ORANGE WIRE)

'-l.370fi";§§f«MAXDIA.
1.218'MAX. DIA.
1.062" MAX. DIA.

HEATER (GREEN WIRE)

HEATER (BLUE WIRE)

HELIX (RED WIRE)

VIEW"E"-"E"

N O T E S :

1.- SURFACE V IS PERPENDICULAR WITH
CENTERUNE ESTABLISHED BY THE I.3T0"
AND .3195" DIAMETER WITHIN .005"
ELR. AT .625" RADIUS.

2.- ALL EXTERNAL METAL SURFACES,
EXCEPT TERMINALS ARE GOLD PLATED.

3.- RUBBER IS UNDER FLUSH OF BOTTOM
OF FLANGE.

4 - MECHANICAL AL IGNMENT OF THE TUBE
IS ESTABLISHED BY SURFACES "A"."B"
AND "C".

^SEE NOTE 3

-SURFACE"B"

LEAD LENGTH
6.000" APPROX.

A develppment of Bel l Telephone Laborator ies, the research laborator ies of
the American Telephone Telegraph Company and t l ie Western Electr ic Company.

I - H - 6 0 E R I H T E D I N U . S . A . T-2813



B E L L S Y S T E M P R A C T I C E S S E C T I O N A B 4 6 . 4 4 6 A
T r a n s m i s s i o n E n g i n e e r i n g a n d D a t a I s s u e 1 , J u n e 1 9 6 3
E l e c t r o n T u b e D a t a A . T . & T . C o . , S t a n d a r d

E L E C T R O N T U B E D ATA S H E E T

W E S T E R N E L E C T R I C 4 4 6 A E L E C T R O N T U B E

D E S C R I P T I O N

The 446A i s a th ree -e lec t rode i ne r t -gas fi l l ed co ld ca thode tube des igned fo r
use as a vo l t age regu la to r and has cha rac te r i s t i c s wh i ch a re excep t i ona l l y s t ab le
w i t h l i f e . T h e t h i r d e l e c t r o d e i s p r i m a r i l y a s t a r t i n g e l e m e n t .

C H A R A C T E R I S T I C S

C a t h o d e C u r r e n t 5 t o 4 0 m i l l i a m p e r e s
A n o d e V o l t a g e D r o p ( E ^ ^ j ) 8 1 v o l t s
R e g u l a t i o n a t 5 t o 4 0 m i l l i a m p e r e s d - c ( N o t e 6 ) ± 1 . 5 v o l t s

P i l e : C o l d C a t h o d e S e c t i o n

A m e r i c a n Te l e p h o n e a n d Te l e g r a p h C o m p a n y 1 9 6 3

4 4 6 A
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RATINGS, Absolute System (Note i)

C a t h o d e C u r r e n t , F o r w a r d
Max imum
M i n i m u m

S t a r t e r C u r r e n t , F o r w a r d
M a x i m u m
Minimum (Note 2)

M a x i m u m I n v e r s e S t a r t e r o r A n o d e C u r r e n t
A m b i e n t Te m p e r a t u r e L i m i t s

4 0 m i l l i a m p e r e s
5 m i l l i a m p e r e s

5 m i l l i a m p e r e s
0 . 5 m i l l i a m p e r e
0 . 0 m i l l i a m p e r e

5 5 t o + 8 5 c e n t i g r a d e

ELECTRICAL DATA

M i n . Bogey M a x .

Anode Breakdown Voltage . - 1 0 8 - v o l t s
Anode Voltage Drop(E^jj)at 40 Milliamperes, (D-C) (Note 3 ) 8 0 8 1 . 2 8 2 . 5 v o l t s
Regulation (5 to 40 Milliamperes,D-C) (Notes 4 & 6) ■ . - + 0 . 1 ± 1 . 0 v o l t s
Starter Breakdown Voltage . 9 0 9 5 1 0 5 v o l t s
Starter Voltage Drop at 5 Milliamperes, (D-C). . . . 8 1 8 3 8 6 v o l t s
Trans fe r Cur ren t a t 90 vo l t s Anode Vo l tage . . . . . - 1 0 5 0 m ic roamperes

L I F E D A T A

S t a r t e r B r e a k d o w n V o l t a g e ( M a x . ) a f t e r 5 0 0 h o u r s a t 4 0 m A d c 1 1 0 v o l t s
Regulation (5 to 40 mAdc) after 500 hours at 40 mAdc (Note 6). . . . 1.5 volts max.
Drift in Anode Voltage Drop (E^.^) in 500 hours at 40 mAdc (Note 5) . +0.8 Volts max.

MECHANICAL DATA

M o u n t i n g P o s i t i o n ' A n y
N e t W e i g h t , A p p r o x i m a t e 0 . 4 O u n c e
B a s e S m a l l B u t t o n 9 p i n
B u l b T 6 ^
D i m e n s i o n s a n d c o n n e c t i o n s s h o w n i n o u t l i n e d r a w i n g o n p a g e 4 .

H A N D L I N G

T h i s t u b e c o n t a i n s a s m a l l a m o u n t o f k r y p t o n - 8 5 g a s w h i c h i s a b y - p r o d u c t
rad ioac t i ve mate r ia l . The amount o f k ryp ton-85 i s l ess than five m ic rocur ies , wh ich
i s t o o s m a l l a n a m o u n t t o r e q u i r e a n y s p e c i a l c a r e i n u s e .

A t o m i c E n e r g y C o m m i s s i o n r e g u l a t i o n s r e q u i r e t h a t t h e i n d i v i d u a l t u b e c a r t o n
fo r t ubes con ta i n i ng by -p roduc t r ad i oac t i ve ma te r i a l be app rop r i a t e l y ma rked . The
mark ing i nc ludes the s ta temen t tha t t ube d i sposa l shou ld be i n app roved manner.

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s :

T u b e s t o b e d i s p o s e d o f s h o u l d b e b r o k e n o r c r u s h e d i n a w e l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
a t m o s p h e r e . T h e r e s i d u a l b r o k e n o r c r u s h e d t u b e s s h o u l d b e d i s
p o s e d o f i n a n o r m a l p u b l i c t r a s h d i s p o s a l s y s t e m . Tu b e s s h o u l d b e
d i s p o s e d o f a t a r a t e o f n o t m o r e t h a n 1 0 0 e a c h w e e k f r o m a n y o n e
l o c a t i o n . A v o i d b r e a t h i n g v a p o r s f r o m b r o k e n t u b e s .
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Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
serviceabi l i ty of the device may be impaired from the viewpoint of l i fe and sat isfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.

No te 2 : The m in imum s ta r te r cu r ren t requ i remen t app l i es on l y when the tube i s ope ra ted fo r ex tended
p e r i o d s ( h u n d r e d s o f h o u r s ) b e t w e e n s t a r t i n g o p e r a t i o n s t o a s s u r e m a i n t a i n i n g s t a r t e r
b r e a k d o w n a n d t r a n s f e r c u r r e n t c h a r a c t e r i s t i c s .

N o t e 3 : T h e s e v a l u e s a r e f o r n e w t u b e s . A n o d e v o l t a g e d r o p w i l l s t a b i l i z e w i t h i n 3 m i n u t e s a f t e r
s t a r t i n g .

N o t e 4 : C o n t i n u o u s o p e r a t i o n a t a c u r r e n t v a l u e i n t h e l o w p o r t i o n o f t h e o p e r a t i n g r a n g e f o r a n
e x t e n d e d p e r i o d ( h u n d r e d s o f h o u r s ) m a y r e s u l t t e m p o r a r i l y i n r e g u l a t i o n e x c e e d i n g t h e
s t a t e d v a l u e s .

N o t e 5 : T h e d r i f t o f a n o d e v o l t a g e d r o p i m p r o v e s w i t h o p e r a t i n g l i f e . A f t e r 1 0 0 0 - 2 0 0 0 h o u r s o p e r
a t i o n t h e d r i f t o f a n o d e v o l t a g e d r o p p e r 1 0 0 0 h o u r s w i l l n o t e x c e e d 0 . 3 v o l t .

Note 6: Regulation is defined to be Anode Voltage Drop (E^^) at 40 mAdc minus Anode Voltage Drop
(E^^) at 5 mAdc.

0 7 5 M A X M E A S U R E D A T . 4 3 8
D I A . O N B U L B

A N O D E

1.562" ±.094"

At

C A T H O D E

E 9 - I S M A L L B U T T O N
9 P I N B A S E

N U M E R A L S A R E F O R
R E F E R E N C E O N L Y

\ /— CATHODE

V I E W A - A

A N O D E
— S T A R T E R

C A T H O D E

N O T E ; P I N S M A R K E D I C ( I N T E R N A L C O N N E C T I O N ) S H O U L D N O T B E C O N N E C T E D T O A N Y
P O R T I O N O F A N E X T E R N A L C I R C U I T . F A I L U R E T O O B S E R V E T H I S P R E C A U T I O N
M AY R E S U LT I N I M P R O P E R O P E R AT I O N O F T H E T U B E .

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

P R I N T E D I N U . S . A .



Western Electric Company



B E L L S Y S T E M P R A C T I C E S S E C T I O N A B 4 6 . 4 4 7 A
T r a n s m i s s i o n E n g i n e e r i n g a n d D a t a I s s u e 1 , J u n e 1 9 6 3
E l e c t r o n T u b e D a t a A . T . & T . C o . , S t a n d a r d

E L E C T R O N T U B E D ATA S H E E T

WESTERN ELECTRIC 447A ELECTRON TUBE

r : ^

mih
brMid

' I I

D E S C R I P T I O N

T h e 4 4 7 A i s a t w o - e l e c t r o d e i n e r t - g a s fi l l e d c o l d c a t h o d e t u b e d e s i g n e d p r i
m a r i l y f o r u s e a s a v o l t a g e r e f e r e n c e a n d t r o u b l e i n d i c a t o r t u b e . T h e c a t h o d e r e d
g l o w i s v i s i b l e t h r o u g h a h o l e i n t h e a n o d e f o r i n d i c a t o r u s e .

C H A R A C T E R I S T I C S

C a t h o d e C u r r e n t 8 m i l l i a m p e r e s m a x .
A n o d e V o l t a g e D r o p 8 2 v o l t s
R e g u l a t i o n a t 2 t o 4 m i l l i a m p e r e s d - c ( N o t e 3 , p a g e 3 ) ■ • • 0 . 5 v o l t

P i l e : C o l d C a t h o d e S e c t i o n

Cj American Telephone and Telegraph Company 1963

4 4 7 A
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RATINGS, Absolute System (Note i )

C a t h o d e C u r r e n t , F o r w a r d
M a x i m u m

M a x i m u m I n v e r s e A n o d e C u r r e n t
A m b i e n t Te m p e r a t u r e L i m i t s - 5 5 t o

8 m i l l i a m p e r e s
0 . 0 m i l l i a m p e r e
+ 6 0 c e n t i g r a d e

ELECTRICAL DATA, Throughout L i fe

Mn. ._ Bogey Max.
A n o d e B r e a k d o w n V o l t a g e . 1 1 0 1 1 5 1 2 0 v o l t s
A n o d e Vo l t a g e D r o p ( E t d ) a t 4 M i l l i a m p e r e s ( D - C ) ( N o t e 2 ) . 8 1 8 2 8 3 v o l t s
R e g u l a t i o n ( 2 t o 4 M i l l i a m p e r e s , D - C ) ( N o t e 3 ) . . . - 0 . 2 0 . 5 v o l t
C o v e r a g e C u r r e n t ( N o t e 4 ) - 3 . 0 4 . 0 m i l l i a m p e r e s

M E C H A N I C A L D A T A

M o u n t i n g P o s i t i o n A n y
N e w W e i g h t , A p p r o x i m a t e 0 . 3 o u n c e
B u l b T G Y z
B a s e S m a l l B u t t o n 9 p i n
L i g h t S p o t S i z e , a p p r o x i m a t e 0 . 2 0 i n c h e s
D i m e n s i o n s a n d c o n n e c t i o n s s h o w n i n o u t l i n e d r a w i n g o n p a g e 4 .

L I F E D A T A

Drift in Anode Voltage Drop (E^^) in 500 hours at 8 mAdc- 0 . 6 v o l t s ( m a x . )

H A N D L I N G

T h i s t u b e c o n t a i n s a s m a l l a m o u n t o f k r y p t o n - 8 5 g a s w h i c h i s a b y - p r o d u c t
r a d i o a c t i v e m a t e r i a l . T h e a m o u n t o f k r y p t o n - 8 5 i s l e s s t h a n fi v e m i c r o c u r i e s , w h i c h
i s t o o s m a l l a n a m o u n t t o r e q u i r e a n y s p e c i a l c a r e i n u s e .

A t o m i c E n e r g y C o m m i s s i o n r e g u l a t i o n s r e q u i r e t h a t t h e i n d i v i d u a l t u b e c a r t o n
f o r t u b e s c o n t a i n i n g b y - p r o d u c t r a d i o a c t i v e m a t e r i a l b e a p p r o p r i a t e l y m a r k e d . T h e
m a r k i n g i n c l u d e s t h e s t a t e m e n t t h a t t u b e d i s p o s a l s h o u l d b e i n a p p r o v e d m a n n e r .

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s ;

T u b e s t o b e d i s p o s e d o f s h o u l d b e b r o k e n o r c r u s h e d i n a w e l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
a t m o s p h e r e . T h e r e s i d u a l b r o k e n o r c r u s h e d t u b e s s h o u l d b e d i s
p o s e d o f i n a n o r m a l p u b l i c t r a s h d i s p o s a l s y s t e m . Tu b e s s h o u l d b e
d i s p o s e d o f a t a r a t e o f n o t m o r e t h a n 1 0 0 e a c h w e e k f r o m a n y o n e
l o c a t i o n . A v o i d b r e a t h i n g v a p o r s f r o m b r o k e n t u b e s .
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Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.

N o t e 2 : T h e s e v a l u e s a r e f o r n e w t u b e s . A n o d e v o l t a g e d r o p w i l l s t a b i l i z e w i t h i n 3 m i n u t e s a f t e r
s t a r t i n g .

Note 3: Regulation is defined to be Anode Voltage Drop (E^^) at 4 mAdc minus Anode Voltage Drop
(E^^) at 2 mAdc.

N o t e 4 : T h e c u r r e n t a t w h i d h c a t h o d e g l o w w i l l e n t i r e l y c o v e r t h e a r e a d e fi n e d b y t h e a n o d e h o l e .
S u c h c u r r e n t s h o u l d n o t e x c e e d t h e a b o v e s t a t e d v a l u e .

M E A S U R E D AT . 4 3 0
D I A . O N B U L B

C A T H O D E

C A T H O D E -

1 . 1 2 5 1 . 0 9 4

E 9 - I S M A L L B U T T O N
9 - P I N B A S E

- N U M E R A L S A R E F O R
, R E F E R E N C E O N LY

- A N O D E

I T 9

V I E W A - A

- A N O D E

NOTE' PINS MARKED IC (INTERNAL CONNECTION) SHOULD NOT BE CONNECTED TO ANY
PORTION OF AN EXTERNAL CIRCUIT. FAILURE TO OBSERVE THIS PRECAUTION
MAY RESULT IN IMPROPER OPERATION OF THE TUBE.

A d e v e l o p m e n t o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f t h e A m e r i c a n Te l e p h o n e
and Telegraph Company and the Western Electric Company.

P R I N T E D I N U . S . A .
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Tr a n s m i s s i o n E n g i n e e r i n g D a t a
E l e c t r o n T u b e D a t a

A B 4 6 . 4 4 8 A , B & 4 5 4 A
Issue 1 . Sep tember 1961
A . T. & T. C o . , S t a n d a r d

E L E C T R O N T U B E D A T A S H E E T

WESTERN ELECTRIC 448A,448B,454A ELECTRON TUBE

D E S C R I P T I O N

The 448A, 448B and 454A electron tubes are high figure of merit tetrodes of the
ind i rec t ly heated cathode type. They have p la te character is t ics approach ing those o f
a pentode and were designed primarily for use in the TH Radio Relay System.

T h e s e t h r e e t u b e s h a v e t h e s a m e e l e c t r i c a l c h a r a c t e r i s t i c s . T h e 4 4 8 B h a s t h e
same mechanical dimensions and appearance as the 448A except the bulb is aquadag
coated to suppress fluorescence e ffec ts . The 454A is mechanica l ly equ iva lent to the
4 4 8 A e x c e p t t h a t p i n # 1 ( p l a t e ) i s s h o r t e n e d t o p e r m i t i t s u s e i n a s p e c i a l t e s t
p r o b e . ( S e e o u t l i n e d r a w i n g - p a g e 4 ) .

C H A R A C T E R I S T I C S

H e a t e r V o l t a g e

C a t h o d e C u r r e n t

T r a n s c o n d u c t a n c e

Eb = 135 volts; E^2 135 volts

Ecci = +9.5 volts; Rj^ = 323 ohms^

6 . 3 v o l t s

3 3 . 7 m i l l i a m p e r e s
3 1 5 0 0 m i c r o m h o s

E L E C T R O N T U B E D A T A S H E E TFILE: GENERAL PURPOSE SECTION 448A , 448B, 454A
© American Telephone and Telegraph Company, 1961
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GENERAL CHARACTERISTICS

E l e c t r i c a l D a t a

H e a t e r Vo l t a g e 6 . 3 v o l t s

H e a t e r C u r r e n t 4 5 0 m i l l i a m p e r e s
D i rec t I n te re lec t rode Capac i tances (w i thou t ex te rna l sh ie ld )

G r i d t o P l a t e 0 . 0 3 t i n f
Input: g to (h + k + gj + i.s.) • • • • 1 5 . 4 n n i
Output: p to (h + k + gg + i.s.) ■ • • • 2 . 0 3 U l i l

M e c h a n i c a l D a t a

C a t h o d e
T - 9

V

B a s e • • • • S e e o u t l i n e d r a w i n g P a g e 4

M o u n t i n g P o s i t i o n • A n y

Dimensions and pin connections shown in outl ine drawing on Page 4

Max imum Ra t i ngs , Abso lu te Sys tem

P l a t e V o l t a g e 1 5 0 v o l t s
S c r e e n G r i d Vo l t a g e 1 5 0 v o l t s
C o n t r o l G r i d V o l t a g e - 5 0 v o l t s

P l a t e D i s s i p a t i o n . . . . . . . 6 . 0 w a t t s

S c r e e n G r i d D i s s i p a t i o n 1 . 7 5 w a t t s
C o n t r o l G r i d D i s s i p a t i o n S e e F o o t n o t e *
C a t h o d e C u r r e n t 5 0 m i l l i a m p e r e s
H e a t e r - C a t h o d e V o l t a g e + 5 0 v o l t s

B u l b Te m p e r a t u r e 1 3 0 * c e n t i g r a d e

M a x i m u m G r i d C i r c u i t R e s i s t a n c e f o r :
F i x e d B i a s 0 . 0 5 megohm
C a t h o d e B i a s 0 . 1 0 megohm

* Opera t i on w i th the con t ro l g r i d pos i t i ve w i th r e s p e c t t o t h e c a t h o d e i s n o t
r e c o m m e n d e d .
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1 3 5 v o l t s
1 3 5 v o l t s

+ 9 . 5 v o l t s
3 2 3 o h m s

2 4 . 9 m i l l i a m p e r e s
8 . 8 m i l l i a m p e r e s

3 3 0 0 0 o h m s
3 1 5 0 0 m i c r o m h o s

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

P l a t e V o l t a g e
S c r e e n G r i d Vo l t a g e
C o n t r o l G r i d Vo l t a g e ( N o t e 1 )
C a t h o d e B i a s R e s i s t o r ( N o t e 1 )
P l a t e C u r r e n t
S c r e e n G r i d C u r r e n t
P l a t e R e s i s t a n c e
T r a n s c o n d u c t a n c e

N o t e 1 : R e f e r e n c e p o i n t f o r c o n t r o l g r i d v o l t a g e i s t h e n e g a t i v e e n d o f t h e c a t h o d e b i a s r e s i s t o r .

b j 2 0

l E s a i B i i
- 4 . 0 - 3 . 0 - 2 . 0 - 1 . 0

C O N T R O L G R I D V O L T A G E

F I G . I F I G . 2
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BELL SYSTEM PRACTICES
Tr a n s m i s s i o n E n g i n e e r i n g a n d D a t a
E l e c t r o n Tu b e D a t a

A B 4 6 . 4 5 1 A
I s s u e 1 , A u g u s t 1 9 6 2
A . T . & T . C o . S t a n d a r d

E L E C T R O N T U B E D ATA S H E E T

WESTERN ELECTRIC 45! A ELECTRON TUBE

DESCRIPTION

T h e 4 5 1 A i s a f o u r - e l e c t r o d e , i n e r t - g a s fi l l e d c o l d c a t h o d e t u b e f o r u s e a s a
r e l a y d e v i c e . T h e t u b e i s p r o v i d e d w i t h a n a n o d e - c a t h o d e g a p a n d a s t a r t e r a n o d e -
s t a r t e r c a t h o d e g a p s u c h t h a t i s o l a t i o n o f t h e c o n t r o l ( s t a r t e r g a p ) a n d c o n t r o l l e d
( m a i n g a p ) p o r t i o n s o f a c i r c u i t m a y b e o b t a i n e d .

T h i s t u b e i s d e s i g n e d f o r s o c k e t m o u n t i n g . I t i s i d e n t i c a l , e l e c t r i c a l l y a n d
mechanica l ly, to the 425A except that i t i s not a t tached to a p las t ic ang le mount ing
b r a c k e t a s s e m b l y.

CHARACTERISTICS

Peak Anode Vo l t age
A v e r a g e S t a r t e r C a t h o d e C u r r e n t
Average Ma in Ca thode Cur ren t .
A v e r a g e L i f e , A p p r o x i m a t e . .

1 8 0 1 8 0 v o l t s
0 . 7 7 . 0 m i l l i a m p e r e s
5 . 0 5 0 m i l l i a m p e r e s

1 0 0 0 0 1 0 h o u r s

P ILE: COLD CATHODE SECTION

C) American Telephone and Telegraph Company 1962 4 5 1 A
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MAXIMUM RATINGS, Absolute System (Note i)

P e a k Vo l t a g e , F o r w a r d o r I n v e r s e
A n o d e t o a l l O t h e r E l e c t r o d e s •
C a t h o d e t o a l l O t h e r E l e c t r o d e s

C a t h o d e C u r r e n t ( N o t e 2 )
P e a k
A v e r a g e
A v e r a g i n g T i m e

S t a r t e r C a t h o d e C u r r e n t ( N o t e 2 )
P e a k
A v e r a g e
A v e r a g i n g T i m e

P e a k I n v e r s e C u r r e n t ( N o t e 2 )
A n o d e
S t a r t e r A n o d e

A m b i e n t Te m p e r a t u r e L i m i t s . • .

. . . 1 8 0 v o l t s
. . . 1 8 0 v o l t s

. . . 5 0 m i l l i a m p e r e s

. . . 2 0 m i l l i a m p e r e s

. . . 2 s e c o n d s

. . . 7 m i l l i a m p e r e s

. . . 2 . 5 m i l l i a m p e r e s

. . . 2 s e c o n d s

. . . 5 m i l l i a m p e r e s

. . . 1 m i l l i a m p e r e s
- 5 5 ° t o + 8 5 ° c e n t i g r a d e

ELECTRICAL DATA, Throughout L i fe
M i n . B o g e y M a x .

S t a r t e r B r e a k d o w n Vo l t a g e ( N o t e 3 ) . 6 7 8 0 9 0 v o l t s
S t a r t e r Vo l t a g e D r o p a t 2 . 5 M i l l i a m p e r e s . . . . . 5 5 7 0 7 5 v o l t s
A n o d e Vo l t a g e D r o p a t 1 0 M i l l i a m p e r e s . 5 8 7 0 8 0 v o l t s
T r a n s f e r C u r r e n t ( N o t e 4 ) S e e C u r v e , F i g u r e 3 , P a g e 4
N e g a t i v e C a t h o d e T r a n s f e r Vo l t a g e ( N o t e 5 ) . . . . . - - 2 5 - 4 0 v o l t s

I o n i z a t i o n T i m e , S t a r t e r G a p ( A p p r o x . ) ( N o t e 6 ) . . . - 5 - m i l l i s e c o n d s
D e i o n i z a t i o n T i m e , M a i n G a p ( A p p r o x . ) . - 1 - m i l l i s e c o n d

MECHANICAL DATA

M o u n t i n g
New We igh t , App rox ima te .
D i m e n s i o n s a n d C o n n e c t i o n s

A n y p o s i t i o n
0 . 3 o u n c e

S e e o u t l i n e d r a w i n g o n p a g e 4

H A N D L I N G

T h i s t u b e c o n t a i n s a s m a l l a m o u n t o f k r y p t o n - 8 5 g a s w h i c h i s a b y - p r o d u c t
r a d i o a c t i v e m a t e r i a l . T h e a m o u n t o f k r y p t o n - 8 5 i s l e s s t h a n fi v e m i c r o c u r i e s , w h i c h
i s t o o s m a l l a n a m o u n t t o r e q u i r e a n y s p e c i a l c a r e i n u s e .

A t o m i c E n e r g y C o m m i s s i o n r e g u l a t i o n s r e q u i r e t h a t t h e i n d i v i d u a l t u b e c a r t o n
f o r t u b e s c o n t a i n i n g b y - p r o d u c t r a d i o a c t i v e m a t e r i a l b e a p p r o p r i a t e l y m a r k e d . T h e
mark ing i nc l udes t he s ta temen t t ha t t ube d i sposa l shou ld be i n app roved manne r.

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s :

T u b e s t o b e d i s p o s e d o f s h o u l d b e b r o k e n o r c r u s h e d i n a w e l l
v e n t i l a t e d p l a c e r e l e a s i n g a n y r e s u l t i n g v a p o r s t o t h e o u t s i d e
a t m o s p h e r e . T h e r e s i d u a l b r o k e n o r c r u s h e d t u b e s s h o u l d b e d i s
p o s e d o f i n a n o r m a l p u b l i c t r a s h d i s p o s a l s y s t e m . T u b e s s h o u l d b e
d i s p o s e d o f a t a r a t e o f n o t m o r e t h a n 1 0 0 e a c h w e e k f r o m a n y o n e
l o c a t i o n . A v o i d b r e a t h i n g v a p o r s f r o m b r o k e n t u b e s .



P A G E 3 - 4 5 L A

C U R R E N T - L I F E C H A R A C T E R I S T I C S
A V E R A G E L I F E E X P E C T A N C Y

1 0 0 0 0

CATHODE TRANSFER VOLTAGE
C H A R A C T E R I S T I C S

M

i I 000
O
X

- 5 0 0

lAJ

M A I N
: C A T H O D E

C U R R E N T '

.STARTER -V
CATHODE-SC U R R E N T \ X

iq I I I I I I TsJ r s
0 1 0 2 0 3 0 4 0 5 0

M A I N C A T H O D E C U R R E N T

0 2 . 0 4 . 0 6 . 0 8 . 0 1 0
S T A R T E R C A T H O D E C U R R E N T

C U R R E N T I N M I L L I A M P E R E S D . C .

F I G . I

€ 0
U J
® 2 . 5
( U
Q .

2 2 . 0

• 5 0 - 4 0 - 3 0 - 2 0 - 1 0
CATHODE TRANSFER VOLTAGE IN VOLTS D .C .

( W I T H R E S P E C T T O S TA R T E R C AT H O D E )

F I G . 2

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
p e r f o r m a n c e . M a x i m u m r a t i n g s , a s s u c h , d o n o t c o n s t i t u t e a s e t o f o p e r a t i n g c o n d i t i o n s a n d
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.

N o t e 2 : S u f fi c i e n t r e s i s t a n c e m u s t b e u s e d i n s e r i e s w i t h t h e t u b e d i s c h a r g e p a t h s t o a s s u r e t h a t
t h e e l e c t r o d e c u r r e n t s d o n o t e x c e e d t h e i r m a x i m u m r a t e d v a l u e s .

Note 3: Limits apply immediately after the tube has conducted current. These values may be initially
as much as 3 vo l t s h ighe r o r l ower i f t he tube has been id le .

N o t e 4 : To a s s u r e t r a n s f e r o f c o n d u c t i o n f r o m t h e s t a r t e r a n o d e - s t a r t e r c a t h o d e g a p t o t h e a n o d e -
s t a r t e r c a t h o d e g a p .

N o t e 5 : To a s s u r e t r a n s f e r o f c o n d u c t i o n f r o m t h e a n o d e - s t a r t e r g a p t o t h e a n o d e - c a t h o d e g a p w i t h
1.5 mil l iamperes flowing from anode to starter cathode. Cathode voltage is measured with
r e s p e c t t o s t a r t e r c a t h o d e .

Note 6: With 15 volts starter overvoltage (15 volts above Starter Breakdown Voltage) and with the
t u b e i n t o t a l d a r k n e s s .
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A N O D E T R A N S F E R C U R R E N T C H A R A C T E R I S T i C S
2 0 0 m — I — I — I — H i l l — I — I — I — I — I I I I — I — I — I — I

M A X I M U M

. T Y P I C A L -

0 4 0 8 0 1 2 0 1 6 0 2 0 0 2 4 0 2 8 0 3 2 0 3 6 0 4 0 0

T R A N S F E R C U R R E N T I N S T A R T E R G A P I N M I C R O A M P E R E S D . C .

F I G . 3

. 8 7 5 M A X . MEASURED AT .438"
D I A . O N B U L B

S T A R T E R
A N O D E

I . l 2 5 " t . 0 9 4 "

f *

S T A R T E R
C A T H O D E

A N O D E

■O PA Q U E O R T R A N S L U C E N T
C O AT I N G O N B U L B

■E 9 - I S M A L L B U T T O N
9 - P I N B A S E

C A T H O D E

C AT H O D E

N U M E R A L S A R E F O R
R E F E R E N C E O N LY

V I E W A - A

N O T E : P I N S M A R K E D I £ . ( I N T E R N A L C O N N E C T I O N ) S H O U L D N O T B E C O N N E C T E D T O A N Y
P O R T I O N O F A N E X T E R N A L C I R C U I T. F A I L U R E T O O B S E R V E T H I S P R E C A U T I O N
M A Y R E S U L T I N I M P R O P E R O P E R A T I O N O F T H E T U B E .

A d e v e l o p m e n t o f B e l l Te l e p h o n e L a b o r a t o r i e s , t h e r e s e a r c h l a b o r a t o r i e s o f t h e A m e r i c a n Te l e p h o n e
and Telegraph Company and the Western Electr ic Company-

H I I N T E D I N U . S . A .



BELL SYSTEM PRACTICES
Transmission Engineering and Data
E l e c t r o n Tu b e D a t a

SECTION AB46.453A
Issue 1 , June 1963
A . T. & T. C o . , S t a n d a r d

ELECTRON TUBE DATA SHEET

WESTERN ELECTRIC 453 A ELECTRON TUBE

M B C R I P T I O N

The 453A is a two-electrode inert-gas filled cold cathode tube designed pri
mar i l y fo r use as a vo l tage re ference tube. Th is tube has charac ter is t i cs wh ich are
exceptionally stable with life and with variations in ambient temperature. The tube
is relatively free from voltage jumps. (See Note 6. page 3.)

CHARACTERISTICS

C a t h o d e C u r r e n t 4 t o 6 m i l l i a m p e r e s
A n o d e V o l t a g e D r o p 8 3 v o l t s
R e g u l a t i o n a t 4 t o 6 m i l l i a m p e r e s d - c ( N o t e 5 , P a g e 3 ) 1 . 2 v o l t s

P i l e : C o l d C a t h o d e S e c t i o n

American Telephone and Telegraph Company

4 5 3 A



4 5 3 A - P A 6 E 2

RATINGS, Abso lu te Sys tem (Note i )

C a t h o d e C u r r e n t , F o r w a r d
M a x i m u m 8 m i l l l a m p e r e s
M i n i m u m 4 m i l l i a m p e r e s

M a x i m u m I n v e r s e A n o d e ( C u r r e n t 0 . 0 m i l l i a m p e r e
A m b i e n t T e m p e r a t u r e L i m i t s 5 5 t o + 6 0 c e n t i g r a d e

ELECTRICAL DATA, Throughout L i fe
M i n . B o g e y M a x .

A n o d e B r e a k d o w n V o l t a g e 9 5 1 0 0 1 0 5 v o l t s
Anode Voltage Drop(E. j j )at 6 Mi l l iamperes(D-C) (Note 2) 81 83 87 vol ts
R e g u l a t i o n ( 4 t o 6 M i l l i a m p e r e s , D - C ) ( N o t e 5 ) • • . • - 0 . 7 5 1 . 2 v o l t s
Te m p e r a t u r e S e n s i t i v i t y o f A n o d e Vo l t a g e D r o p
A n o d e C u r r e n t , 5 M i l l i a m p e r e s ( D - C ) . . . . . . . - - 0 . 0 0 3 5 - v o l t / c

F l u c t u a t i o n ( N o t e 3 ) - 0 . 0 0 2 0 . 0 0 5 v o l t
A v e r a g e I o n i z a t i o n T i m e ( N o t e 4 ) - 5 . 0 - m i l l i s e c o n d s
V o l t a g e J u m p ( N o t e 6 ) - 5 . 0 - m i l l i v o l t s

M E C H A N I C A L D A T A

M o u n t i n g P o s i t i o n A n y
N e w W e i g h t , A p p r o x i m a t e 0 . 3 o u n c e
B u l b T 6 ^
B a s e S m a l l B u t t o n 9 p i n
D i m e n s i o n s a n d c o n n e c t i o n s s h o w n i n o u t l i n e d r a w i n g o n p a g e 4 .

L I F E D A T A

Ty p i c a l D r i f t i n A n o d e Vo l t a g e D r o p ( E ^ ^ ) a t 5 m A d c S e e F i g u r e 1

H A N D L I N G

T h i s t u b e c o f a t a i n s a s m a l l a m o u n t o f k r y p t o n - 8 5 g a s w h i c h i s a b y - p r o d u c t
r a d i o a c t i v e m a t e r i a l . T h e a m o u n t o f k r y p t o n - 8 5 i s l e s s t h a n fi v e m i c r o c u r i e s , w h i c h
i s t o o s m a l l a n a m o u n t t o r e q u i r e a n y s p e c i a l c a r e i n u s e .

A t o m i c E n e r g y C o m m i s s i o n r e g u l a t i o n s r e q u i r e t h a t t h e i n d i v i d u a l t u b e c a r t o n
f o r t u b e s c o n t a i n i n g b y - p r o d u c t r a d i o a c t i v e m a t e r i a l b e a p p r o p r i a t e l y m a r k e d . T h e
m a r k i n g i n c l u d e s t h e s t a t e m e n t t h a t t u b e d i s p o s a l s h o u l d b e i n a p p r o v e d m a n n e r .

A p p r o v e d i n s t r u c t i o n s f o r d i s p o s a l o f t u b e s c o n t a i n i n g k r y p t o n - 8 5 a r e a s
f o l l o w s :

Tubes to be d i sposed o f shou ld be b roken o r c rushed i n a we l l
vent i lated place releasing any result ing 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
l o c a t i o n . A v o i d b r e a t h i n g v a p o r s f r o m b r o k e n t u b e s .



P A G E 3 - 4 5 3 A

TYPICAL DRIFT IN ANODE VOLTAGE DROP VERSUS TIME OF OPERATION

1 0 0 0

T I M E O F O P E R AT I O N I N H O U R S

F I G . I

10 ,000

Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
s e r v i c e a b i l i t y o f t h e d e v i c e m a y b e i m p a i r e d f r o m t h e v i e w p o i n t o f l i f e a n d s a t i s f a c t o r y
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
a l l v a l u e s m a y n o t , t h e r e f o r e , b e a t t a i n e d s i m u l t a n e o u s l y.

N o t e 2 : T h e s e v a l u e s a r e f o r n e w t u b e s . A n o d e v o l t a g e d r o p w i l l s t a b i l i z e w i t h i n 3 m i n u t e s a f t e r
s t a r t i n g .

Note 3: The anode voltage drop variation during a short period of time (one to ten minutes), with
the tube operat ing at one value of current and temperature wi th in i ts rat ings, wi l l not
e x c e e d t h e a b o v e s t a t e d m a x i m u m v a l u e .

Note 4: With 15 volts overvoltage (15 volts above Anode Breakdown Voltage) with tube in total
darkness. Average of 10 measurements taken at 1 second in terva ls .

Note 5: Regulation is defined to be Anode Voltage Drop (E^^) at 6 mAdc minus Anode Voltage Drop
(E^^) at 4 mAdc.

Note 6: Voltage jump is an abrupt change or discontinuity in tube anode voltage drop when the tube
c u r r e n t i s v a r i e d . Vo l t a g e j u m p s g r e a t e r t h a n t h e s p e c i fi e d v a l u e a r e r e l a t i v e l y r a r e i n t h e
range of anode current of 4 to 6 mAdc.
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- M E A S U R E D A T . 4 3 8
D I A . O N B U L B

C AT H O D E

C AT H O D E -

l . l 25" iX)94"

E 9 - I S M A L L B U T T O N
9 - P I N B A S E

rNUMERALS ARE FOR
\ REFERENCE ONLY

• A N O D E

I T 9

V I E W A - A

- A N O D E

NOTE' PINS MARKED IC (INTERNAL CONNECTION) SHOULD NOT BE CONNECTED TO ANY
PORTION OF AN EXTERNAL CIRCUIT. FAILURE TO OBSERVE THIS PRECAUTION
MAY RESULT IN IMPROPER OPERATION OF THE TUBE

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

P R I N T E D I N U . S . A .
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E L E C T R O N T U B E D A T A S H E E T

WESTERN ELECTRIC 448A,448B,454A ELECTRON TUBE

D E S C R I P T I O N

The 448A, 448B and 454A electron tubes are high figure of merit tetrodes of the
ind i rec t ly heated cathode type. They have p la te character is t ics approach ing those o f
a pentode and were designed primarily for use in the TH Radio Relay System.

T h e s e t h r e e t u b e s h a v e t h e s a m e e l e c t r i c a l c h a r a c t e r i s t i c s . T h e 4 4 8 B h a s t h e
same mechanical dimensions and appearance as the 448A except the bulb is aquadag
coated to suppress fluorescence e ffec ts . The 454A is mechanica l ly equ iva lent to the
4 4 8 A e x c e p t t h a t p i n # 1 ( p l a t e ) i s s h o r t e n e d t o p e r m i t i t s u s e i n a s p e c i a l t e s t
p r o b e . ( S e e o u t l i n e d r a w i n g - p a g e 4 ) .

C H A R A C T E R I S T I C S

H e a t e r V o l t a g e

C a t h o d e C u r r e n t

T r a n s c o n d u c t a n c e

Eb = 135 volts; E^2 135 volts

Ecci = +9.5 volts; Rj^ = 323 ohms^

6 . 3 v o l t s

3 3 . 7 m i l l i a m p e r e s
3 1 5 0 0 m i c r o m h o s

E L E C T R O N T U B E D A T A S H E E TFILE: GENERAL PURPOSE SECTION 448A , 448B, 454A
© American Telephone and Telegraph Company, 1961
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GENERAL CHARACTERISTICS

E l e c t r i c a l D a t a

H e a t e r Vo l t a g e 6 . 3 v o l t s

H e a t e r C u r r e n t 4 5 0 m i l l i a m p e r e s
D i rec t I n te re lec t rode Capac i tances (w i thou t ex te rna l sh ie ld )

G r i d t o P l a t e 0 . 0 3 t i n f
Input: g to (h + k + gj + i.s.) • • • • 1 5 . 4 n n i
Output: p to (h + k + gg + i.s.) ■ • • • 2 . 0 3 U l i l

M e c h a n i c a l D a t a

C a t h o d e
T - 9

V

B a s e • • • • S e e o u t l i n e d r a w i n g P a g e 4

M o u n t i n g P o s i t i o n • A n y

Dimensions and pin connections shown in outl ine drawing on Page 4

Max imum Ra t i ngs , Abso lu te Sys tem

P l a t e V o l t a g e 1 5 0 v o l t s
S c r e e n G r i d Vo l t a g e 1 5 0 v o l t s
C o n t r o l G r i d V o l t a g e - 5 0 v o l t s

P l a t e D i s s i p a t i o n . . . . . . . 6 . 0 w a t t s

S c r e e n G r i d D i s s i p a t i o n 1 . 7 5 w a t t s
C o n t r o l G r i d D i s s i p a t i o n S e e F o o t n o t e *
C a t h o d e C u r r e n t 5 0 m i l l i a m p e r e s
H e a t e r - C a t h o d e V o l t a g e + 5 0 v o l t s

B u l b Te m p e r a t u r e 1 3 0 * c e n t i g r a d e

M a x i m u m G r i d C i r c u i t R e s i s t a n c e f o r :
F i x e d B i a s 0 . 0 5 megohm
C a t h o d e B i a s 0 . 1 0 megohm

* Opera t i on w i th the con t ro l g r i d pos i t i ve w i th r e s p e c t t o t h e c a t h o d e i s n o t
r e c o m m e n d e d .
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1 3 5 v o l t s
1 3 5 v o l t s

+ 9 . 5 v o l t s
3 2 3 o h m s

2 4 . 9 m i l l i a m p e r e s
8 . 8 m i l l i a m p e r e s

3 3 0 0 0 o h m s
3 1 5 0 0 m i c r o m h o s

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

P l a t e V o l t a g e
S c r e e n G r i d Vo l t a g e
C o n t r o l G r i d Vo l t a g e ( N o t e 1 )
C a t h o d e B i a s R e s i s t o r ( N o t e 1 )
P l a t e C u r r e n t
S c r e e n G r i d C u r r e n t
P l a t e R e s i s t a n c e
T r a n s c o n d u c t a n c e

N o t e 1 : R e f e r e n c e p o i n t f o r c o n t r o l g r i d v o l t a g e i s t h e n e g a t i v e e n d o f t h e c a t h o d e b i a s r e s i s t o r .

b j 2 0

l E s a i B i i
- 4 . 0 - 3 . 0 - 2 . 0 - 1 . 0

C O N T R O L G R I D V O L T A G E

F I G . I F I G . 2




