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SERIES REGULATOR TUBES

POWER DISSIPATION

Total Plate Dissipation 26 to 30 W. 60 W. 100 W.
Low Mu 6AS7G 7241*
6080WA* 6336A*
Medium Mu 5998 6528* 7242*
TYPICAL VALUES FOR REGULATOR SERVICE PER TUBE
Total Plate Range of Tube Minimum Grid Voltage
Type Current Voltage Drop Tube Drop Swing
6080WA*, 6AS7G 200 mA 75v. 35v. 50 v.
100 200 25 140
5998 200 80 45 20
100 200 30 52
6336A* 500 50 50 25
200 235 35 95
6528* 400 65 70 10
200 225 45 35
7241* 750 65 50 25
300 270 35 110
7242* 600 80 70 13
250 335 40 45
OTHER PERTINENT CHARACTERISTICS PER TUBE
Max. Max.
Type Plate Plate Mu Gm Bulb Construction
Current Voltage
6080WA*, 6AS7G 250. mA 250. V. 2.0 14,000 umhos | T12|ST16 Twin Triode
5998 280 275 55 28,000 ST16 Twin Triode
6336A* 800 400 2.7 27,000 TT16 Twin Triode
6528* 600 400 9.0 74,000 TT16 Twin Triode
Single Anode
7241* 1000 400 2.7 40,500 TT18 Thrse Cathadss
Single Anode
7242* 900 400 9.0 111,000 TT18 Three Cathodes

*Rugged. long life tubes.

5-15-58
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MINIATURE VOLTAGE REGULATOR oB2

DESCRIPTION —The OB2 is a two electrode, inert-gas-filled cold
cathode miniature tube intended for use as a voltage regulator. The
tube has a maintaining voltage of approximately 108 volts over a
current range of 5 to 30 milliamperes. The 0B2 is excellent for
applications which require good voltage regulation and long life.

ELECTRICAL DATA
Cathode. . ..o o Cold

( ‘ Mounting Position. . ...... ... . Any
Maximum Overall Length. ........ ... ... ... ... .. ... 2% inches
Maximum Seated Length. ......... ... ... 2% inches
Maximum Diameter.. ... ... ...t % inch

Y MAX. |

BUID . T-5% 7\
BaSE. . . Small-button Miniature
7-Pin (JETEC EZ-1) | | BULBT-5

RATINGS, ABSOLUTE VALUES

Maximum Average Starting Currentt.......................... ... ... 75 ma {
Maximum D.C. Cathode Current.................. ... ............. 30 ma
Minimum D.C. Cathode Current 0iueu

MAX
MAX.

2%
2% "

.................................... 5 ma
Maximum Inverse Voltage............ ... ... ... L. 50 volts
Ambient Temperature............... ... i —55 to4-90°C
DO NOT
CIRCUIT VALUES UsE
Maximum Shunt Capacitor................. ... ... ... 0.1 uf K @
Series ReSIStOr. . ..o\ See Operation Notes
( tAveraged over starting period not exceeding 10 seconds. Normal operation should be continued for at least twenty
minutes after passing this current to stabilize the tube.

BOTTOM VIEW




oB2
TUNG-SOL // CHATHAM

EQUIPMENT DESIGN AND RANGE VALUES

Minimum Average  Maximum

Volts Volts Volts
D.C. Anode Supply Voltage 133* — —
Anode Breakdown Voltage — 114 133
Tube Voltage Drop 101 108 114
Regulation (5 to 30 ma) — 1.1 4

*In order to assure starting through tube life not less than the specified supply voltage should be provided.

L]

111 TYPICAL AVERAGE TUBE VOLTAGE
DROP VS. TUBE CURRENT
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Special attention should be given to the bulb temperature at which the tubes are to
be operated. Reliability will be seriously impaired if the maximum bulb temperature
is exceeded.

In the operation of a glow tube there are several requirements which must always
be met. The first is that the supply voltage must always be greater than the anode break-
down voltage and the second is that sufficient resistance must always be put in series with
the tube in order to limit the current to the minimum and maximum values given in the
ratings.

In order to illustrate how to calculate the value of the series resistance a typical
regulator circuit is shown in Fig. 1.

From Fig. 1 we see that V; is the unregulated supply voltage, V., is the tube voltage
drop on the regulated voltage supplied to the load, R; is the series limiting resistor,
Ry, is the variable load, I is the tube current and Iy, is the load current.

We see that the tube current will be a maximum when the supply voltage is a maxi-
mum (V; max.); when the load current is a minimum (I, min.) ; and when the tube
voltage drop is a minimum (V5 min.). Therefore the conditions which determine the
lower limit for the series resistance Ry are that

Vi max. — V5 min.
Iy max. + Iy, min.

Ry >

In a like manner it can be shown that the value of R; in order to limit the current
to the minimum value requires that

Vi min. — V5 max.
It min. + I, max.

Ry <

When these values have been computed, one should check to see if there is sufficient
starting voltage by the following relation

. \21 min.ﬁ >V Starting
Figure 1
o——/ N VWV
A
V, R,
%
C\;
+ B2 +
TO D-C REGULATED
VOLTAGE VOLTAGE
SUPPLY OF 258 VOLTS
By +

| B-
REGULATED

Figure 2— OPERATION OF REGULATOR TUBES IN SERIES VOLTAGE
o OF 150 VOLTS
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OB2

REGULATED

VOLTAGE TUAD

Fi;ure 3—TYPICAL CIRCUIT FOR

VOLTAGE REGULATOR

When these calculations have been made and there is insufficient starting voltage, a
new load current of lower value must be used and the calculations repeated.

Circuits which have a capacitor in shunt with the 0B2 should be limited in value to
0.1 pf, larger values might cause oscillations.

Operation of the 0B2 in parallel is not recommended unless a resistance of approxi-
mately 100 ohms is used in series with each 0B2 to equalize division of current. However,
it should be noted that while this enables one to handle more load current it réduces the

regulation that can be obtained.

If it is desired to obtain higher regulating voltages, tubes may be operated in series
as indicated in Fig. 2. However, care should be taken to see that sufficient supply voltage

is available to start both tubes.

OF 0B2 USED IN VOLTAGE
REGULATED POWER SUPPLY

1K
5AT4 6336 — A
450-0-450 V.
| Y X4, .
i T |
. H X 47 100 K
| —Y L —— 7 AAAA—¢
— 01 %
L ) 150 K
4 mfd -T 1K mfd.J; x pu
< —— 4 mfa.
8.2K 8
£
ey i J S
5V. @ 6A. [ R P
- S100K®
I 33K ) >
% ¢ 1 | 1T 6AU6 S
C X X X
6.3V. @ 6A.
) .01 mfd.
Figure 4—TYPICAL APPLICATION [ 41K

OB2
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RUGGEDIZED VOLTAGE REGULATOR

DESCRIPTION—The OC3W is a two electrode, inert gas filled cold cathode
tube intended for use as a voltage regulator. The tube has a maintaining voltage
of approximately 108 volts over a current range of 5 to 40 milliamperes.

The OC3W is excellent for applications which require good voltage regula-
tion and long life. Tube envelope is floated within the base shell by a sponge
rubber filler. This cushion dampens vibration and decreases the transmission of
shock to the active tube elements. Both the basing arrangement and heavy duty
parts construction make the OC3W especially suited for use in applications
where severe mechanical punishment will be encountered.

ELECTRICAL DATA
Cathode.................cooii... Cold

MECHANICAL DATA

Mounting Position.................. Any

Maximum QOverall Height............ 4% inches

Maximum Seated Height............ 3945 inches

Maximum Diameter................. 194 inches

Weight (Approx.)................... 2 ounces
Bulb.......................L. T-9
Base.......................lL. Special Skirted, small shell octal,

6-pin Low Loss phenolic material.

RATINGS, ABSOLUTE VALUES

Maximum Average Starting Currentf..100 mA.d.c.
Maximum D.C. Cathode Current.... .. 40 mA.d.c.

Minimum D.C. Cathode Current. ... .. 5 mA.d.c.
Ambient Temperature. . ............ —55t070° C
Maximum Altitude. . ............... 10,000 ft,
Maximum Inverse Voltage........... —50 V.d.c.
Shock Impact...................... 900 G/msec.
Maximum Vibration Ratings

(D=0.08"@ 50 cps)........... 10G

tAveraged over a starting period not exceeding 10 seconds. Normal operation
should be continued for at least twenty minutes after passing this current to
stabilize the tube.

TYPE
oC3WwW

BULB
T9

4.13”

3.403”

.843” fet— 1.156” —ad

I ‘ '
1 ” ” 560
U U (MAX.)
'

JUMPER

Bottom View
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Additional Tests to Insure Reliability

Randomly Selected Samples are Subjected to the Following Tests.

Shock: 60° Hammer angle in Navy, Flyweight, High Impact Machine (900
G/msec.)

Vibration: 10-50-10 cps, 0.08” Total displacement, in each of three mutually
perpendicular planes (10 G).

Fatigue Vibration: 25 cps, 0.08” Total displacement, for 32 hours in each of
three mutually perpendicular planes (2.5 G).

Life Test 500 hours: R,,/1,=30 mA.d.c.
Post Shock and Fatigue, and Life Test Limits:

lonization Voltage.................... ... ... .. ... ...... 133 v.d.c. max.
Tube Voltage Drop...................co i, 103 to 113 v.d.c.
Regulation (5to 40 mA) . . .......... ... ... ... ... 4.0 v.d.c.
Regulation (5t030mA)............ .. .. ... 2.5v.d.c.

TUNG-SOL / CHATHAM

Equipment Design and Range Values

Min. Ave. Max.

D.C. Anode Supply Voltage in Darkness.............. 210* — — Volts
D.C. Anode Supply Voltage in Light.................. 133* — — Volts
Anode Breakdown Voltage.......................... — 123 133Volts
Tube Voltage Drop (1) at40mA..................... —108.5 114 Volts
Tube Voltage Drop (2) at 30 mA..................... — — 113Volts
Tube Voltage Drop (3) atSmA ..................... 103107.8 — Volts
Regulation..................... ...l — 0.7 4.0V.d.c.
Oscillation (Aural Check)........................... —_ - =

NOISE. ¢ .5 s 5 simis s 5 mmn s 5 s 5 swets & 3 i & 3 wamsie's wiase — — 15 mVa.c.
Leakage Current E,=50 V.d.c.; R,=100KQ)......... — — 10 pAd.c.
Series Resistor................ .. B —

Shunt Capacitor................................... — — 0.1mfd
Current through interconnecting leads. .. ............ — — 2.0 Amperes

* To assure starting throughout tube life, the supply voltage should not be less
than this value.

** Sufficient series resistance must be used to limit the current to a maximum
of 40 mA.d.c. at the highest anode supply voltage and to limit the current
to @ minimum of 5 mA.d.c. at the lowest supply voltage.

TYPICAL AVERAGE TUBE VOLTAGE
DROP VS. TUBE CURRENT
110
109
S 108
(&)
5
Q 107
S
(&)
w106
o
<
&
g
w105
o]
=
—
104
103
102
0 5 10 15 20 25 30 35 40 15

TUBE CURRENT (MILLIAMPERES D.C)
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Operating Notes

Special attention should be given to the temperature at which the tubes are to be operated. Reliability
will be seriously impaired if the maximum temperature is exceeded.

There are several requirements in the operation of a glow discharge tube, like the OC3W, which must
always be met. The first condition is that the supply voltage must always be greater than the anode break-
down voltage. The second factor to be considered is that sufficient resistance must always be put in series
with the OC3W to limit the current to the minimum and maximum values given in the ratings.

A typical regulator circuit is shown in Fig. 1, in order to illustrate the methods used for determining the
correct values for the series limiting resistor, and supply voltage. From Fig. 1 we see that

V, = unregulated supply voltage A R‘ | IL
V, = tube voltage drop or regu-

lated voltage supplied to the

load.
R, = series limiting resistor v, Vv, R,
R, = variable load
Iy = tube current
l;, = load current. Figure 1

h4 /

The current in the OC3W will be a maximum when the supply voltage, is a maximum, V; max.; when
the load current is a minimum, It min.; and the tube voltage is a minimum, V, min. Therefore the conditions
which determine the lower limit for the series resistance R, are that
V, max. — V, min.

It max. 4 Iy, min.

R, >

In a similar manner it can be shown that the value of R,, in order to limit the current to the minimum
value requires that

V, min. — V, max.
Ir min. 4 I, max.

R, <

With these values computed a check should be made for sufficient starting voltage by the following
relation

V, min. _ R > V Starting

R, + R,
B, +
+
REGULATED
VOLTAGE
OF 258 VOLTS
TO DC
VOLTAGE
SUPPLY B, +
>
- REGULATED
VOLTAGE
AW OF 150 VOLTS

B—
Figure 2 — OPERATION OF REGULATOR TUBES IN SERIES
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TUNG-SOL / CHATHAM
OoC3wW
SERIES i
RESISTOR
REGULATED
TO DC VOLTAGE
VOLTAGE LOAD
SUPPLY

Figure 3 — TYPICAL CIRCUIT FOR VOLTAGE REGULATOR

When these calculations have been made and there is insufficient starting voltage, a new load current of
lower value must be used and the calculations repeated.

Circuits which have a capacitor in shunt with the OC3W should be limited in value to 0.1 ufd; larger
values may cause the tube to oscillate.

Operation of the OC3W in parallel is not recommended unless a resistance of approximately 100 ohms
is used in series with each OC3W to equalize division of the current. However, it should be noted that while
this type of operation enables one to handle more load current, it reduces the regulation that can be
obtained.

If it is desired to obtain higher regulating voltages, tubes may be operated in series. Care should be
taken to see that sufficient supply voltage is available to start both tubes.

6528 10002
A
X 220
450-0-450 V. 5R4WGB s
—
150 K
o |300V.D.C.
= AT
N 265 mA
-
5.0 Volts @ 4 enid.
2 Amperes
X 100 k| (Voltage
6.3 Volts @ A Q Variable
6 Amperes +10%
X —20%)
Figure 4 — TYPICAL APPLICATION OF .01 4
OC3W USED IN VOLTAGE mid. | S%K

REGULATED POWER SUPPLY
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TYPE
DESCRIPTION—The OD3W is a two electrode, inert gas filled cold cathode OD3W

tube intended for use as a voltage regulator. The tube has a maintaining voltage
of approximately 150 volts over a current range of 5 to 40 milliamperes.

The OD3W is excellent for applications which require good voltage regula-
tion and long life. The tube envelope is floated within the base shell by a sponge
rubber filler. This cushion dampens vibration and decreases the transmission
of shock to the active tube elements. Both the basing arrangement and the
heavy duty parts construction make the OD3W especially suited for use in
applications where severe mechanical punishment will be encountered.

ELECTRICAL DATA

Cathode.......................... Cold

( Mounting Position. ................ Any -
Maximum Overall Height. . ......... 41% inches m BuLs F
Maximum Seated Height............ 39/¢ inches ] —
Maximum Diameter. ............... 1 9/ ginches I'_l.az" _,l
Weight (Approx.).................. 2 ounces Ui
Bulb (See Outline)................. T-9 e
Base............................. Special Skirted, small- shell octal

6-pin, Low Loss phenolic material. 4137
3.403”
N
RATINGS, ABSOLUTE VALUES .al” e 1.156% ]

Maximum Average Starting Current.100 mA.d.c. ! —
Maximum D.C. Cathode Current. . . .. 40 mA.d.c. H W(ﬁlﬁ)
Minimum D.C. Cathode Current. ... .. 5 mA.d.c. !
Ambient Temperature... .......... —55t070° C
Maximum Altitude. ................ 10,000 ft.
Maximum Inverse Voltage.......... —50 V.d.c.
Shock Impact..................... 900 G/m sec. JUMPER
Maximum Vibration Rating

(D=0.08" @ 50 cps)........... 10G ¢

DO NOT USE
(\ tAverage over a starting period not exceeding 10 seconds. Normal operation should be

continued for at least twenty minutes after passing this current to stabilize the tube.

Bottom View
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Additional Tests to Insure Reliability Equipment Design and Range Values
Ramdomly selected samples are subjected to the following test. ) Min. Ave. Max.
D.C. Anode Supply Voltage in Darkness:.......... 225%* — — volts
Shock: 60° Hammer angle in Navy, Flyweight, High Impact Machine D.C. Anode Supply Voltage in Light:....... .. .. .. 185% — — volts
(900 G/msec.) Anode Breakdown Voltage:...................... — 158 185 volts
Tube Voltage Drop 8; at gg m/: ................. — 153 165 vo}ts
Vibration: 10-50-10 cps, 0.08” Total Displacement,in each of th tuall Tube Voltage Drop (2) at 30mA................. — — 163 volts
" oF endicu[I)ar farias ?lg &) PIACRMEN N Scsl. o lawes MyHaly Tube Voltage Drop (3) at 5mA. . ................ 142 151 — volts
perp P : Regulation. ................................... — 20 5.5 volts
Fatigue Vibration: 25 cps, 0.08” Total displacement, for 32 hours in each of ﬁg?'sgatm" (A“"rél ChGCk) T — H B mV.a.c.
three mutually perpendicular planes (2.5 G). Leakage Current (E,=50 V.d.c.; R,=100K©)..... — 0 10 uA
; SeriesResistor................. ... .o o —
Life Test 500 hours: R,,/1,=30 mA.d.c. Shunt Capacitor. ................cooeveeeevnn... — g(l) de
Current through interconnected Leads. . .......... — — 2.0 Amperes
Post Shock and Fatigue, and Life Test Limits: fis iraugiitisre g
lonization Voltage..................................... 185 v.d.c. max. * To assure starting throughout tube life, the supply voltage should not be
EUbelvgltag(esdme(s tC; a0 mA) """"""""""""""" 142 to 163 v.d.c. %% ISS::ﬁ:h::t 'h;:i::lu:s.'siunce st be used to limit the current to a maximu
egulation (Stod0mA). .............................. 5.5 v.d.c. max. ke of the: hicinst olt Mo limi rromt
Regulation (5to30mA)............................... 4.5 v.d.c. max. T 6 s T B o 10 IS Bcts St 10 it the surrent

TYPICAL AVERAGE TUBE VOLTAGE
DROP VS. TUBE CURRENT
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Operating Notes

Special attention should be given to the temperature at which the tubes are to be operated. Reliability will
be seriously impaired if the maximum temperature is exceeded.

There are several requirements in the operation of a glow discharge tube, like tthe OD3W, which must
always be met. The first condition is that the supply voltage must always be greater than the anode break-
down voltage. The second factor to be considered is that sufficient resistance must always be put in series
with the OD3W to limit the current to the minimum and maximum values given in the ratings.

A typical regulator circuit is shown in Fig. 1, in order to illustrate the methods used for determining
the correct values for the series limiting resistor, and supply voltage. From Fig. 1 we see that

o AAAA A N N

1 | i

V, = unregulated supply voltage R‘ £
V, = tube voltage drop or regu-
lated voltage supplied to the

load. v,

R, = series limiting resistor

R, = variable load

Ir = tube current .

I = load current. Figure 1
v

The current in the OC3W will be a maximum when the supply voltage, is a maximum, V,; max.; when
the load current is a minimum, It min.; and the tube voltage is a minimum, V, min. Therefore the conditions
which determine the lower limit for the series resistance R; are that
V,; max. — V, min.

Ip max. 4 I, min.

R, >

In a similar manner it can be shown that the value of R;, in order to limit the current to the minimum
value requires that
V,; min. — V, max.
Ip min. 4 I, max.

R, <

With these values computed a check should be made for sufficient starting voltage by the following
relation

R
V; min. —2— i
L min R R, > V Starting
B,+
REGULATED
VOLTAGE

OF 258 VOLTS

TO DC
VOLTAGE
SUPPLY B, +
>
- REGULATED
VOLTAGE
— OF 150 VOLTS

B—
Figure 2 — OPERATION OF REGULATOR TUBES IN SERIES
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OD3W

SERIES
RESISTOR

REGULATED
TO DC VOLTAGE
VOLTAGE LOAD
SUPPLY

s

Figure 3 — TYPICAL CIRCUIT FOR VOLTAGE REGULATOR

When these calculations have been made and there is insufficient starting voltage, a new load current of
lower value must be used and the calculations repeated.

Circuits which have a capacitor in shunt with the OD3W should be limited in value to 0.1 wid; larger
values may cause the tube to oscillate.

Operation of the OD3W in parallel is not recommended unless a resistance of approximately 100 ohms
is used in series with each OD3W to equalize division of the current. However, it should be noted that

while this type of operation enables one to handle more load current, it reduces the regulation that can
be obtained.

If it is desired to obtain higher regulating voltages, tubes may be operated in series. Care should be
taken to see that sufficient supply voltage is available to start both tubes.

450-0-450 V. 5R4WGB

—+
82K
—.25 % o |300V.D.C.
mfd. AT
265 mA
:l]:
50 Volts @ 4 mfd.
2 Amperes ' "W"’g
X Ak 100 k| (Voltage
g 6.3 Volts @ Py _ 6AUS6WA Q Vuriol;le
6 Amperes ) +10%
X Xx —20%)
Figure 4 — TYPICAL APPLICATION OF .01 L
OD3W USED IN VOLTAGE mfd. OD3W 82 K
REGULATED POWER SUPPLY 0
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TYPE
1S22

HIGH VOLTAGE VACUUM SWITCH

DESCRIPTION — The 1S22 is a single pole, double throw, high vacuum switch.
The switch is actuated mechanically by means of a lever arm extending through
a flexible kovar diaphragm. High currents and high voltages may be switched
with a minimum amount of sparking and oxidation at the contact points because
of the “break clean” characteristics of a vacuum switch.

The 1522 has had successful application in airborne equipment particularly
as an antenna switch. It has also found application in explosive atmospheres,
in corrosive atmospheres and in safety load dumping circuits.

ELECTRICAL DATA

Maximum Continuous Current. . ........................ 20 Amperes RMS
Maximum Initial Contact Resistance. .................... 0.05 Ohms
MECHANICAL DATA "
Min. Max. ) r....%,t.,,,..
Arm Travel (Measured %” from diaphragm).... .. .009 .017 inches
Actuating Force (Measured %” from diaphragm) .. 200 500 grams ':'(L-’ ’:Z
Maximum Allowable Actuating Force........... .. — 1000 grams _L,_J/_\f

-125 DIAM. =+ .005

ALTITUDE RATINGS

204,

Alitude Foltago (7WS) Voligs (WS —E
27,000 Ft 10,000 volts 10,000 volts o
40,000 7,500 10,000
50,000 5,000 10,000 "
‘ N
LY
INTERRUPTING RATINGS (for information only) * ; g/
With Resistive Load at 10,000 V. RMS at 60 cps. j 1 , { .
Operations Amperes ,3/1+,/n
1000 10.0 il | KT
1,000,000 3.0 o = o
500,000,000 0.1

6/58



TUNG-SOL /CHATHAM

HIGH VOLTAGE, HALF-WAVE RECTIFIER

DESCRIPTION — The 172 is a high voltage low current vacuum rec-
tifier tube in a miniature bulb. This tube features a low drain, thor-
iated tungsten filament which will work satisfactorily in flyback and
RF power supply circuits as well as with conventional transformer
or dry battery filament supply. Full anode voltage may be applied
to a cold tube simultaneously with the application of filament volt-
age. Because of the small space and weight of the 172, this tube is
especially adaptable to compact and portable equipment.

MAXIMUM RATINGS

Maximum Peak Inverse Plate Voltage................................ 15,000 Volts
Maximum Steady State Peak Plate Current........................... 8.5 Milliamperes
Maximum D.C. Qutput Current......... .. ... .. ... ................. 1.5 Milliamperes
Maximum Supply Voltage Frequency................................. 200 Kilocycles
( Maximum Altitude for Full Ratings. .. .......... ... ... ... .......... 10,000 Feet
Minimum Supply Source Impedance (Atepx=15Kv).................. 300,000 Ohms T‘%i -
ELECTRICAL DATA —
Filament VORagE.  : soes s mvrssmsssamosanssssmn s wnerswmss s s mwoss 1.25 £ 5% Volts /g\
Filament Current. ........ .. ... ... ... .. . ... 265 Milliamperes 3 I—_
Tube Voltage Drop at 1.5 ma (Approx.)............................... 18 Volts E f—’ C:’
Tube Voltage Drop at 8.5 ma (Approx.)..............oooooiiiii i, 125 Volts E g §
Minimum Filament Heating Time. . ........... ... ... ... ... ........ 0 Seconds

Mounting Position. ... ... ... .. ... Any

<
m
(@)
I
>
z
0
>
-
(w ]
>
-
>
“'F
(] ©

Maximum Overall Length.......... ... ... .. ... ... ... .. ... ... ... 2.70”

Seated Length. . ... .. .. ... . 2.34” t0 2.47”
Maximum Diameter.......... ... ... ... . ... 0.75”
| S T-5%

Cap. o Skirted Miniature
Base... ... A S RS R a b s Miniature Button 7-Pin

Maximum Weight (Net). . ............ ... ... .. .............. 0.5 Ounce

( BOTTOM VIEW
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Plate Characteristics

D-C ANODE CURRENT (MILLIAMPERES)
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Filament Characteristics

FILAMENT CURRENT (MILLIAMPERES)
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Typical Circuit Values

Rs
AAAA
Erms J
- k@
{1oc)
—oc)
Erms Rs Ru Cu Eoc Ic
KILOVOLTS MEGOHMS MEGOHMS mfd KILOVOLTS MILLIAMPS
5.3 0.44 278. .012 4.15 1.5
5.3 0.3 43. .024 6.8 0.155
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{
_______________________________________ P ———— = ———
SHIELD GRID THYRATRON 2D21 W
DESCRIPTION — The 2D21W is a ruggedized, xenon filled, four electrode
thyratron with negative control characteristics. This tube is electrically
equivalent to the popular type 2D21, but has been ruggedized through the use
of ceramic insulators and stronger elements to permit the tube to stand high
impact shocks and vibration. It has found wide usage as a switching tube, as
a pulse modulator, and in grid controlled rectifier service. Because of its shield
grid construction, the input of the 2D21W will work directly from a high
impedance source such as a phototube. The effective anode to control grid
capacity may be reduced by connecting pins No. 5 and 7 to No. 2 and con-
necting the grid resistor directly at the socket terminal. The small size and
light weight of the 2D21W and its relative freedom from temperature restric-
tions make this tube particularly suited for use in compact equipment.
ELECTRICAL DATA
Heater Voltage........... ... ... .. ... .. . . . . ... ... 6.3 +109 Volts*
Heater Current (E;= 6.3 volts)................... . .............. 0.600 Amperes
( Minimum Cathode Heating Time........................... ... ... 10. Seconds
Anode to Control Grid Capacitance. ............................. ... 0.026 Micro-microfarads
Control Grid to Cathode (and shield grid) Capacitance................ 2.4 Micro-microfarads
Anode to Cathode (and shield grid) Capacitance..................... 1.6 Micro-microfarads
De-ionization Time, Approx. (shield tied to cathode)
With Grid Volts = —100, Grid Res. = 1000, '
Anode Volts = 125, Anode Cur. = 0.1 Amps.................... 35 Microseconds o
pe 42 5
With Grid Volts = —10, Grid Res. = 1000, MAX,
Anode Volts = 125, Anode Cur. = 0.1 Amps.................... 75 Microseconds
lonization Time, ApproX.. ... ... ... ... oo 0.5 Microseconds ﬁ;\
Anode Voltage Drop, ApproX.............cooooei . 8 Volts LA 1
Maximum Critical Grid Current (At E,,, = 460 vRMS)................ 0.5 Microamperes 2 § T -+1-2% BUILE
* 4109, —5% in Pulse Modulator Service. 2R §
} l SMALL BUTTC
MECHANICAL DATA TO0T-— MINIATURE
7-PIN BASE
Maximum Shock Rating....... ... ... ... ... ... . .. . . . . ... . ... ... 720G
Mounting Position............ .. ... ... ... ... ... . Any
Maximum Overall Length. . ........... ... ... . .. . ... . . ... ... 2.13”
Maximum Seated Length. .. ............. ... .. . .. . . ... ... . 1.88”
Maximum Diameter. .................... .. . ... ... 0.75”
Bulb. ... o T-5%
( T Miniature Button 7-Pin
Weight (net). ... 0.5 Ounces
BOTTOM VIEW




Ratings, Absolute Values

TUNG-SOL / CHATHAM

Relay & Grid Controlled

Pulse Modulator

Rectifier Service Service

Maximum Peak Anode Voltage

Inverse 1300 Volts 100 Volts

Forward 650 Volts 500 Volts
Maximum Cathode Current

Peak 0.5 Amperes 10. Amperes

Average 100. Milliamperes 10. Milliamperes

Surge (max. duration 0.1 seconds) 10. Amperes —

Maximum Average Time 30. Seconds —

Maximum Negative Control Grid Voltage :
Before Conduction —100 Volts —100 Volts
During Conduction — 10 Volts — 10 Volts

Maximum Positive Control Grid Current
Average (Averaged over 30 sec. max.)
Peak

10 Milliamperes

20 Milliamperes

Maximum Negative Shield Grid Voltage
Before Conduction
During Conduction

— 100 Volts
—10 Volts

—50 Volts
—10 Volts

Maximum Positive Shield Grid Current
Average (Averaged over 30 sec. max.)
Peak

10 Milliamperes

20 Milliamperes

Maximum Frequency

500 pps

Maximum Pulse Time

5 Microseconds

Maximum Rate of Rise

100 Amperes per
Microsecond

Maximum Heater Cathode Voltage

Heater Negative —100 Volts 0 Volts
Heater Positive 25 Volts 0 Volts
Ambient Temperature Limits —75to +90° —75to 4-90°
Centigrade Centigrade
Maximum Control Grid (G1) Circuit Resistance 10 Megohms 0.5 Megohms
Maximum Shield Grid (G2) Circuit Resistance — 25,000 Ohms
Minimum Shield Grid (G2) Circuit Resistance — 2,000 Ohms
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RANGE FOR
= RANGE FOR 0.1 MEGOHMS ]
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N\ \
\
\ K 300 OPERATIONAL RANGE OF
B\ \ \ \ CRITICAL GRID VOLTAGE

A\ \ w

‘\ \ Will always d
N\ \\ \ Conduct 300 5 Ranges shown are for two values of grid
N\ \ ‘\ \ gi resistor, 0.1 megohm and 10 megohm,
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AVERAGE GRID CHARACTERISTICS

BEFORE ANODE CONDUCTION

_ _ _
Er =63 VOLTS
SHIELD-GRID VOLTS =0
o = CONDUCTION STARTS

_

D-C ANODE VOLTS =25
200
oo /
I
ool |l b
——
—16 -12 -8 —4

D-C CONTROL-GRID VOLTS
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D-C CONTROL-GRID MICROAMPERES

AVERAGE GRID CHARACTERISTICS
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HALF-WAVE GAS RECTIFIER
DESCRIPTION — The 3B28 is a xenon filled half wave rectifier for use in high 3 Bz 8

voltage circuits. The tube is designed to operate over a wide temperature range
without the necessity of heating or cooling devices. Its hard glass envelope and
well supported mount make it particularly suited for military and industrial use.
As contrasted to similar mercury-vapor tubes, the 3B28 may be mounted in any
position and is not subject to mercury splash problems, Its efficient oxide coated
filament is fast-heating. As consistent with filamentary gas and vapor rectifier
tube practice, quadrature excitation of the filament is recommended for obtain-
ing the longest tube life. In quadrature operation, the filament current is phased
to be at a minimum when the peak anode current flows. However the tube carries
full ratings for in phase operation of the filament.

MAXIMUM RATINGS

Max. Peak Inverse Voltage.......................... 5,000 Volts...............10,000 Volts
Max. Peak Cathode Current......................... 2. Amperes.............. 1. Amperes
Max. Average Cathode Current...................... 0.5 Amperes............. 0.25 Amperes
Max. Surge Cathode Current. ....................... 20. Amperes............. 20. Amperes
(Max. Duration Time 0.1 Seconds)
Max. Averaging Time............................... 30. Seconds..............30. Seconds
Max. Supply Frequency............................. 500cps..........iii 150 cps [ 2+ MAX
Ambient Temperature Limits (° Cent)................ =5 to+75............. —55to 475 ~JeMEDI,
ELECTRICAL DATA
Filament Voltage........................................... 2.5 £ 5% Volts b §
Filament Currentat 25 Volts.................................5.0 Amperes § 5
Minimum Cathode Heating Time.............................. 5. Seconds B 8
Average Anode Voltage Drop......................... ... ... 10. Volts :
Peak Anode Voltage Drop................................. ... 14. Volts J 41352 1.087"
Critical Anode Voltage......................cccoviiiiiiniin. 50. Volts TT :
MECHANICAL DATA P
'(\)ll,(,)::,“n[g_ei:i:lon .......................................... ;\g/t s - NC
............................................. 87”7 t0 6.15”
Seated Length......... ... ... ... ... 5.25” to 5.53” ® ©
Maximum Diameter.................... ... .. ............. 2.07” o
Bulb. ... o T-16 Nonex
CaP. ot Medium Metal, C1-5 F o
BaSE. ...ttt Medium 4-pin Bayonet, A4-10 SHIELD
Weight (net).................. ... .. ... .. . . ... 4 oz, Max.

BOTTOM VIEW

MEDIUM SHELL
SMALL 4-PIN
BAYONET BASE
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Rectifier Circuits X ea—
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Maximum Circuit Values

Rectifier Circuits are diagrammed on Pages 2 and 3

A.C. SECONDARY

FILAMENT NO. OF D.C. OUTPUT (APPROX.) RIPPLE

FIG. CIRCUIT TRANSFORMER VOLTAGE

OPERATION  TUBES p ' INVOLTS Epc IN VOLTS Ioc IN AMPERES VOLTS RMS FREQ.

Half Wave ) 7000 3200 0.25 3500

L Single Phase SinglePhase  InPhase 1 3500 1600 0.50 1750  f

,  Full Wave Single Phase o B " %3500 3200 0.50 500
Single Phase Center Tap n Fhase #1750 1600 1.00 750

3 SHOBCIUL  SinglePhase  nPhase 4 wdsgp 3200 o B

*

o . DeltaWye — 3 e 240 I8 O
Full Wave %4000 9500 0.75 100

5 Three Phase Delta-Wye Quadrature 6«90 4750 1.50 200  6f
Full Wave %7000 9500 0.75 400

6 Three Phase Delta-Delta Quadrature 6 xs3500 4750 1.50 200 S
Half Wave
Six Phase %3500 4800 1.0 200

7 (Three Phase Delta-Star Quadrature 6 #1750 2400 2.0 100 6f
Supply)

D.C. output values are those supplied to a choke input filter with a pure sine wave supply.
*Values for a max. of 10 Kv peak inverse voltage per tube and 150 cps. max. supply frequency.
**Values for a max. of 5. Kv peak inverse voltage per tube and 500 cps max. supply frequency.

February 1958
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ARGON AND MERCURY-VAPOR THYRATRON TYPE

DESCRIPTION — The 3C23 is a three electrode, argon and mercury-vapor filled thyratron 3c23
with negative control characteristic designed for grid controlled rectifier, motor control,
or relay service. The addition of argon gas to the mercury-vapor atmosphere permits the

tube to start conduction at low temperatures.

The 3C23 employs a medium, 4-pin bayonet base.

ELECTRICAL DATA

Filament Voltage ... 2.5 #=0.125 volts
Filament Current @ Es =25 volts............ ..o, 7 amperes

Cathode Heating Time —Minimum.............. ... .ccciiiiiieiinn.. 15 seconds

Anode to Control Grid Capacitance.....................cciiiiini.n.. 1.8 micromicrofarads

De-ionization Time — Approximate
Anode Volts — 120, Anode Current — 1.5 amperes

Grid Volts = —20, Grid Resistor = 10,000 ohms.................... 360 microseconds
Anode Volts — 120, Anode Current — 1.5 amperes et L ,
Grid Volts = —500, Grid Resistor = 100,000 ohms.................. 60 microseconds WﬁfL* - Jooor
Anode Voltage Drop — Approximate 0.400"
Initial .. 10 volts MR
End of Life.. ..o 20 volts
54"
MAX.
8%
MECHANICAL DATA Max.
.
Mouiting POSION .. .ccomimmismsminnsmesmevnirmienisnromsrmesns Vertical, base down 5
Type of Cooling. . ... e Convection ‘ U U
BUID ST16 - N
Base ...................... B s o s o s o ot s 8 Bl 3 Bt o § 5l § B3 ot A4-10 Medium
D . C1-5 Medium
NEE WEIENT o oo cvii 0000 mie masie e oum o s 6 i o sl 6 55855 B0 & i & o 5 000 ¥ i3 3808 3 ounces maximum A
SOCKet Medium, 4 pin bayonet NC @) (3) G

b,

BOTTOM
VIEW
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RATINGS, ABSOLUTE VALUES

Minimum Maximum

Peak Anode Voltage

FOorward .. ... — 1250 volts

ROV v vew oo s 5 5 05 5 5 00 5 0004 00§ 08 & A 3 385 0 8 3 0 0 8 — 1250 volts
Grid Voltage

Peak or DC before tube conduction...................... —  —500volts

Average during tube conduction—Note 1................ — —10volts -
Anode Current

PEAK o veoin oo s i35 8 e 0 R 8 68 R 5 B R A 3 — b amperes

Average —Note 2 ... .. ... .. . — 1.5 amperes

Fault — for duration of 0.1 second maximum — Note 3..... —_ 120 amperes
Grid Current

Average —Note 4 ... ... .. ... ... —  +0.01 ampere
Operating Frequency ............cco oot — 420 cycles per second
Altitude ... — 10,000 feet
Temperature Range —Note 5............ ... .. ..., 40  80° Centigrade
Filament Voltage ......... .. ... i 2.37 2.63 volts
NOTES: 1. Averaged over one conducting period.

2!

3

S

Averaged over any interval of five seconds maximum.

The equipment designer should limit the short circuit current to 120 amperes circuitwise. It should be
understood that while the tube may stand several faults at this magnitude of current, each fault will
adversely affect tube life.

. Averaged over the period of grid conduction.
. The recommended operating range for this tube is from 40° to 80° Centigrade. Operation between —55°

ana +40° Centigrade at reduced ratings, or '‘starts’” in this temperature range are permissible, but will
result in considerably shortened life.

Shaded area shows usual control region. Dotted limits show nominal range of grid
control voltage taking into consideration differences between individual tubes,
and variations due to filament voltage, temperature and changes during life.
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D-C GRID SUPPLY VOLTS
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APPLICATION NOTES

Thyratron tubes, if correctly used, will give many thousands of hours of reliable service. The correct use of a tube
involves among other things adherence to the following rules:

1. Avoid cold starts. The heat shielded, oxide coated filament should be energized before the anode voltage is
applied in order to obtain maximum life.

2. Avoid operating the tube outside of the specified filament voltage range.

3. Avoid exceeding the rated peak inverse voltage. Excess inverse voltage can cause either an immediate failure
or a rapid decline in useful life.

No clear cut method of foretelling tube failure has been devised. Periodic replacement of a tube as a routine
preventive maintenance device is not recommended as a tube that has operated for several thousand hours may be good
for several more thousand hours of useful operation. Quite often maintenance personnel can, after some experience with
a piece of equipment, anticipate tube failure by observation. Visual checks of tube (arc) drop will indicate tubes
approaching end of life. Tube drop voltages considerably higher than that of the last readings, or readings above 20 volts
indicate tubes that may soon fail. While such a reading can be taken directly at the tube in the operating equipment,
it is a dangerous practice. THE VOLTAGES AT WHICH THIS TUBE NORMALLY OPERATES ARE LETHAL.
A more practical and exact measurement is observing the tube voltage drop in a test jig while it passes one or two high
current pulses. Such a jig is illustrated in figure 1. The oscilloscope is calibrated by first setting switch S2 to CURRENT
CHECK. Momentary contact switch S1 is then tapped while CURRENT SET resistor R2 is adjusted until a pattern
8 volts high appears on the oscilloscope screen. This indicates that a peak current of eight amperes is flowing through
the tube under test and through calibrating resistor R3. The tube voltage drop can then be read directly in volts on the
oscilloscope scale by setting switch S2 to the TEST position and tapping switch S1. A new tube will have a voltage drop
of approximately 10 volts. A tube approaching the end of life may have a voltage drop of 20 volts.

Grid-controlled thyratrons can be incorporated into circuits to provide numerous services including the speed control
of d-c motors, dc to ac inversion, ac to dc rectification, and supplying variable a-c power from an a-c source.

Figure 2 illustrates one method of converting ac to dc. The magnitude of the d-c output voltage is controlled by the
variable resistor which controls the firing angle, or grid voltage phase, of the thyratrons. The use of thyratrons to supply
a variable a-c output from a fixed a-c source is shown in figure 3. Again, the variable resistor serves to control the phase
angle of the applied grid voltage and thus the output voltage.

R1

40 CURRENT
SET
g, 5V AT 100w
MW
8 AMP
R2
40
100W
3c23
4832 OSCILLOSCOPE
220V
TEST & s2
Sl
MOMENTARY
CURRENT
CONTACT perbtab= - lo
1000
i TO
| @ 10K ’o)
20W
R3
1.0
20W
Cow
Eo AT 7 AMP

FIGURE 1. TEST JIG FOR MEASURING EMISSION BY TUBE VOLTAGE DROP
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A-C INPUT

440,208 or 115V
TO
610V CT

440,208 or 115V

A-C
INPUT

OUTPUT
50 TO 230V DC
AT
500 MA.

§ +
440,208 or 115V

TO
2.5v CT

FIGURE 2. THYRATRON POWER SUPPLY PROVIDING VARIABLE D-C OUTPUT FROM A-C INPUT

VARIABLE
A-C OUTPUT

440, 208
OR 115V
A-C INPUT

0.1UF

) f 400V
% .

10K 5W

FIGURE 3. THYRATRON POWER SUPPLY PROVIDING VARIABLE A-C OUTPUT FROM A-C INPUT
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HALF-WAVE GAS RECTIFIER

DESCRIPTION — The 4B32 is a xenon filled half wave rectifier for use in
high voltage circuits. The tube is designed to operate over a wide tempera-
ture range without the necessity of heating or cooling devices. Its hard glass
envelope and well supported mount make it particularly suited for military
and industrial use. As contrasted to similar mercury-vapor tubes, the 4B32
may be mounted in any position and is not subject to mercury splash prob-
lems. Its efficient oxide coated filament is fast heating. As consistent with
filamentary gas and vapor rectifier tube practice, quadrature excitation of
the filament is recommended for obtaining the longest tube life. In quadrature
operation, the filament is phased to be at a minimum when the peak anode
current flows. However the tube carries full ratings for in phase operation
of the filament.

MAXIMUM RATINGS

Max. Peak Inverse Voltage. . .................................... 10,000 Volts

Max. Peak Cathode Current....... ... ... ... ... .............. 5.0 Amperes

Max. Average Cathode Current................................... 1.25 Amperes

Max. Surge Cathode Current..................................... 50. Amperes

(Max. Duration Time 0.1 Seconds)

Max. Averaging Time. ............ .o 15. Seconds

Max. Supply Frequency. ..... ... ... ... . ... 150. cps

Ambient Temperature Limits..................................... —55 to +70° Centigrade

ELECTRICAL DATA

FilamentVoltage. ........ ... ... .. ... ... ... .. ... ... 5.0 5% Volts
Filament Currentat 50 Volts. . ................. .. ... ........... 7.25 Amperes
Minimum Cathode Heating Time. . ............................... 30. Seconds
Average Anode Voltage Drop....................... ... .. 12. Volts

Peak Anode Voltage Drop. ......... ... i 16. Volts
Critical Anode Voltage. . ............. ... . . 50. Volts

Mounting Position. ... .. .. ... .. ... . .. Any

Overall Length. ... ... .. . . . .. .. . 7.6 to 8.5 Inches
Maximum Diameter.... ... ... .. ... ... .. .. 2.32 Inches

Bulb... .o T-18 Nonex

Cap. Medium Metal, C-1-5
Base. ... ... Jumbo 4-Pin, A4-29
Weight (net). ... . 7% QOunces Max.

7.600" TO 8.500

TYPE
4B32

- u -
r2.320" MAX.~
=570
__| MEDIUM CAP
Q15
3 |- T-18 NONEX
§ BULB
©

BOTTOM VIEW

JUMBO 4-PIN
BAYONET
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Ratings, Absolute Values 3” — N

Figure 1—HALF WAVE—SINGLE PHASE
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Maximum Circuit Values

Rectifier Circuits are diagrammed on Pages 2 and 3

Fié CIREOIT TRANSFORMER OF;EQAM‘FI'\(‘)TN ¥SBESF AE:MZ,%IE%\%%%[EE?:Y Ench.z. \?(;JJTPSUTDZAT:R;);?ERES VOLTEIE;LSE FREQ,
1 'S*f’n';,‘év?g"h‘zse Single Phase ~ InPhase 1 7000 3200 1.25 3500  f
2 Gheprese  omeeREC g 2 3500 3200 250 1500 2f
3 SnUelrt  SinglePhase  InPhase 4 7000 6400 250 000 of
4 RElWave  Deita-wye - 3 4000 4300 375 80 3f
5 HWae  Deita-wye Quadrature 6 4000 9500 375 00 6f
6 N DeltaDelta  Quadrature 6 7000 9500 375 00 6f

Half Wave
7 st e DelaStar  Quadntre 6 3500 4500 50 200 6f
Supply)

D.C. output values are those supplied to a choke input filter with a pure sine wave supply.
Values are for a maximum of 10 Kv peak inverse voltage per tube and 150 cps maximum supply frequency.
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TYPE
SR4WGA

HIGH VOLTAGE, FULL-WAVE RECTIFIER

DESCRIPTION — The 5SR4WGA is a high vacuum full wave rectifier capable
of supplying 950 Vdc at 165 mA or 750 Vdc at 275 mA. This tube type,
proven by millions now in field use, features a rugged construction that will
withstand a shock impact of 900 G and high vibrational stresses. One of the
design features is the shock mounting of the bulb in its skirted base by
resilient silicone rubber. Thus, although the base may be securely clamped
to the chassis, the tube proper is shock insulated. This type of basing also
permits operation at high altitudes without flash over. Other design features
are a rugged filament and a “cross-press” stem. The latter keeps electrolysis
to a minimum while offering a stable support for the mount structure. The
hard glass construction permits the tube to be processed at high temperature
during manufacture so that it will remain gas free under high temperature
operation during life. The low drain, fast heating, filament permits instant
application of plate voltage over a large portion of the operating characteristic
(see Curve).

ELECTRICAL DATA

Filament Voltage (£1093) .. ... ... .. i 5.0 Vaa.c.
Filament Current. ... ... . . . ... 2.0 Aa.c. o
Typical Operation ... .......ooooi e Input to Filter U "

TYPICAL OPERATION

INPUT TO FILTER =
CHOKE CAPACITOR P
AC Plate Voltage RMS perplate. ....................... 900 700 Vac
Input Condenser. .............c.o i — 4 Mfd
Input Choke........ .. .. 0 i 10 —H e
Effective Plate Supply Impedance per plate.............. - 100 Ohms E . Sommdsimel e
D.C.OQutputcurrent...... ... .. ... ...l 165 275 mA
D. C. Output voltage at full load........................ 840 730 Vdc
D. C. Output voltage at half load....................... 860 800 Vdc P
Regulation, half load to full load........................ 20 70 Vdc

MECHANICAL DATA

F

Mounting Position t...... ... ... . Vertical
Maximum Overall Height. . ........ ... ... .. . ... ... ............ 531”7 bo NOT USE
Maximum Seated Height. . ........ ... ... ... ... ... .. 4.75” ke
Maximum Diameter.......... ... ... . 2.06”
Bulb, Hard GI&Ss. ... ......ooo oo T-16 BOTTOM VIEW
Base: Special skirted octal 5 pin, glass filled

Alkyd, insulation zone Sorbetter............. ... ... ... See Outline :;f;':g

1 Tube may be operated in horizontal position if pins # 1 and # 4 are in vertical plane.

SMALL SHELL
OCTAL
LOW-LOSS
BASE



ALTITUDE

Up to 30,000 ft.
Up to 40,000 ft.

Up to 60,000 ft.

DC VOLTS TO FILTER

1200

1000

800

600

400

200

SR4WGA

TUNG-SOL / CHATHAM
MAXIMUM RATING CHART

MIN. SUPPLY Doyt
FILTER  PEAK INV.  VOLTS RMS  IMPEDANCE  PEAK PLATE FULL LOAD
INPUT ~ VOLTAGE  PER PLATE  PER PLATE CURRENT CURRENT  VOLTAGE
4 uf 3050v 1070v 515Q Oma 0ma 1525v
4 uf 2150 760 — 700 275 770
5 Henries 2300 815 — — 215 650
4 uf 2600 990 575 550 165 1100
4 uf 1850 655 — 700 215 620

Heavy type indicates maximum ratings; light type indicates approximate values. All values are for
Er — 5.0v and 10 seconds preheating (no preheating is necessary for no load conditions). Higher
values of filter condenser capacity may be used if plate supply impedance is increased to keep
peak plate current within ratings. Filter values given are for 60 cps. supply.

FULL WAVE RECTIFIER CHARACTERISTICS
Choke Input Filter

E;= 50 VAC

Filter Input Choke = 10 Henries

-4 900 Volts (RMS) per Plate

700 Volts (RMS) per Plate

500 Volts (RMS) per Plate

300 Volts (RMS) per Plate

0 50 100 150 200 250 300

DC OUTPUT CURRENT (Milliamperes)




SR4WGA
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AVERAGE PLATE CHARACTERISTICS
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Ruggedized Reliable High Voltage, Full Wave Rectifier

DESCRIPTION — The 5SR4WGB is a long life, ruggedized, reliable full wave rectifier tube.
While similar in construction to the popular 5SR4WGA, this tube is subjected to more
exacting requirements in manufacture. This includes a 100% check of welds under
magnification. Every tube is electrically stabilized with repeated cold starts to weed out
tubes that are prone to arcing. The 5SR4AWGB is made in “lots” with an entire lot being
rejected upon the rejection of sample tubes. This is of particular importance on destructive
tests.

One of the design features is the shock mounting of the bulb in a skirted type base by
a resilient silicone rubber. Thus, although the base may be securely clamped to the
chassis, the tube proper is insulated against shocks. This type of basing also permits
operation at high altitudes without flash over. Another design feature is the “cross press”
stem which keeps electrolysis to a minimum while offering a stable support for the mount
structure. The use of a hard glass bulb permits the tube to be processed at high tempera-
tures during manufacture so that it will remain gas free under the high temperatures
encountered in operation. The low drain, fast heating, ruvged filament permits instant
application of plate voltage over a large portion of the operating characteristic. (See Curve
on page 3.)

Electrical Data

Filament Voltage (+1097)...................... ... 5.0 Va.c.
Filament Current. . ... ... . ... ... .. ... . ... ... 2.0 Aa.c.

Typical Operation

Input to Filter
CHOKE CAPACITOR

AC Plate Voltage RMS per plate. .......... 900 700 Vac
Input Condenser......................... — 4 Mfd
Input Choke. ........................... 10 — H
Effective Plate Supply Impedance per plate. — 100 Ohms
D.C. Outputcurrent...................... 165 275 mA
D.C. Output voltage at full load............ 840 730 Vdc
D.C. Qutput voltage at half load........... 860 800 Vdc
Regulation, half load to full load........... 20 70 Vdc
Mechanical Data
Mounting Positiont............... ... ... ... ... Vertical
Maximum Overall Height. ......................... 5.31”
Maximum Seated Height....................... ... 4.75”
Maximum Diameter.............. ... ... ... ... 2.06”
Bulb, Hard Glass............... ... ... .......... T-16
Base: Special skirted octal 5 pin, glass filled
Alkyd, insulation zone 5 or better. . .......... See Qutline

t Tube may be operated in horizontal position if pins #1 and #4 are in vertical plane.

TYPE

*This dimension termnates
 curved section of base.

1o

F\®@
) l
DO NOT USE F

KEY
BOTTOM VIEW
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TUNG-SOL / CHATHAM
MAXIMUM RATING CHART
MIN. SUPPLY _deourr
FILTER  PEAK INV.  VOLTS RMS  IMPEDANCE  PEAK PLATE FULL LOAD
ALTITUDE INPUT  VOLTAGE  PER PLATE  PER PLATE CURRENT CURRFNT  VOLTAGE
Up to 30,000 ft. 4 uf 3050v 1070v 5150 0Ma 0Ma 1525y
Up to 40,000 ft. 4 uf 2150 760 — 700 275 770
5 Henries 2300 815 — — 215 650
4 uf 2800 990 575 550 165 1100
Up to 60,000 ft. 4 uf 1850 655 = 700 275 620

Heavy type indicates maximum ratings; light type indicates approximate values. All values are for
E: = 5.0v and 10 seconds preheating (no preheating is necessary for no load conditions). Higher
values of filter condenser capacity may be used if plate supply impedance is increased to keep
peak plate current within ratings. Filter values are for 60 cycle operation.

iti iabilit
Additional Tests to Insure Reliability Co = 4mfd, Zycorar/p = 500 ©; Pressure 140 mm (40000 ft).

All Tubes: Operation (1): epx = 2800 Vac; Full Wave; Z,/, = 500; CL = 2). epx = 1850 Vac; R./l, = 275 mAdc; tx = 10 sec.; C. = 4 mfd;

4 mfd; R. = 7000 ohms; t,, = 10 |, > 140 mAdc
Operation (2): E,,,/, = 850 Vac, Full Wave; C. = 4 mfd; R. =
3500 ohms, t = 10; Z,,/,, adjusted for'a Bogie Tube to
read 260 mAdc, and iy, not less than 630 mA per plate.
(A Bogie Tube is a tube with a drop of 75 Vdc at 320
mAdc per plate) lo > 245 mA
Stabilization: 6 Hours at Er = 5.0 Vac; E,,/, = 800 Vac; |, =
00 mAdc; R. = 3000; tx = 0 (cycled 15 minutes

Zptotar/p = 200 Q ; Full Wave; Pressure = 55 mm (60000 ft).
Shock:.60° Hammer Angle in Navy Flyweight, High Impact Machine (900
G/mSec).
Fatigue: 25 cps, 0.80"” Total Displacement, for 32 hours in each of these
mutually perpendicular planes (2.5 G).
Post Shock and Fatigue Test End Point:
Operation (2) I > 240 mAdc.
Life Test:

on 5 minutes off.) Filament cycling: 2000 cycles; E; = 5.5 Vac; 1 minute on, 1 minute off per

cycle. (Filament Voltage Regulation 393 No Load to Full Load).

Random Sample Tested for the Following: Intermittent Life Test

) Operation (2) 100 hours. .. ........................1, > 245 mAdc.
Low pressure Voltage Breakdown: Operation (2) 500 hours. ....................... 1. > 240 mAdc.
D). E,p/p = 1050 Vac; Full Wave;R./I, = 165 mAdc; t, = 10 sec.; Operation (2) 1000 hours........... ..............1, > 240 mAdc.
300
7,
. b %
-~ Operation is permissible with-
; 200 {~ out filament preheating in Area
< I. For operation in Area Il, a
= . s i « AREA 11
= minimum preheating time of 10 ,
£ L seconds is necessary before the
[ . .
g application of plate voltage. AHEK |
2
0 100 7
[
(=]
0
0 200 400 600 800 1000

AC VOLTS PER PLATE (RMS)




SR4AWGB
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FULL WAVE RECTIFIER CHARACTERISTICS Condenser Input Filter

1200
I~ l
N0 E,= 50 VAC
TN (Rys
) per Ploy Filter input capacitor = 4 mfd.
1000 T -
‘I\ Plate supply impedance per
~\‘ﬂ\ | plate is 575 @ for 900 v. curve
700 y, and 100 @ for all others
s (RHS) e, Pl
& 800 e
e
§ N
> 600 \&\500":;/:
Q \"(RMS) Per Plate
400 m
N~
I~ 300 Volss (Rus)
—~—rPer Plage
P ———
200
0
0 50 100 150 200 250 300
DC PLATE CURRENT (Milliamperes )
FULL WAVE RECTIFIER CHARACTERISTICS
Choke Input Filter
1200
E,= 5.0 VAC
Filter Input Choke = 10 Henries
1000
900 Volys (RMS) per Plate
800
o
5
2 700 Volts*(RMS) per Plate
2
3 600
>
(%)
[=]

- 500 Volts (RMS) per Plate

400 T

300 Volts (RMS) per Plate

200

0 50 100 150 200 250 300

DC OUTPUT CURRENT (Milliamperes)
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AVERAGE PLATE CHARACTERISTICS
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Q

Typical Application of 5SR4WGB in a Voltage Regulated Power Supply
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LOW-MU TWIN POWER TRIODE TYPE

DESCRIPTION—The 6AS7G is a high current, twin power triode 6A87G

widely used in electronically regulated power supplies. The high
perveance of this tube permits it to pass large currents at low plate
voltages, thus providing for efficient series regulation.

ELECTRICAL DATA MECHANICAL DATA

Heater Voltage.................... 6.3 109 volts Mounting Position. ..................... Any

Heater Current (E; = 6.3 volts). . ... 2.5 amperes (If tube is to be mounted in a horizon-

Minimum Cathode Heating Time. ... 30 seconds tal position it is recommended that it

Transconductance (per section). . ... 7000 umhos be mounted so that the grid plane be

Amplification Factor............... 2.0 vertical.)

Inter Electrode Capacities per Triode Section Bulb....... ... ST-16
Grid to Cathode. ................ 6.2 uuf Base.................... Medium Shell Octal 8 Pin,
GridtoPlate.................... 8.4 uuf B8-11 Phenolic
Cathode toPlate................ 2.2 uuf Average Net Weight. . .................. 2.5 ounces
Heater to Cathode............... 7.0 uuf Maximum Vibration Rating

Inter Electrode Capacities Between Triode Sections (D-08"@ 25¢pS).......cooieiinn.. 25G
Section 1 Grid to

Section 2 Grid. ................ 0.9 uuf
Section 1 Plate to
Section 2 Plate................. 2.2 uuf

RATINGS, ABSOLUTE VALUES
Minimum Maximum 43
MAX "

Heater Voltage. ... .. ... ... ... . 5.7 6.9 volts 5%
Plate VOItage. . ... ..o = 275 volts d. c. Mex
Grid Voltage. . ......... .. ... . . — 0 volts d. c.
Heater-Cathode Voltage. . . ................................. —300 +300 volts d. c.
Grid Currentper Grid. . . ........... ... ... ... — 0 milliamperes
Plate Current per Plate. . ... ....... ... .. ... ... .. ... ... — 125, milliamperes d. c.

(If several tube sections are to be used in parallel with T

each other, it is recommended not to exceed 100 mA per Y

plate) wax 1
Power Dissipation per Plate................................ — 14 watts
Envelope Temperature. . .......... ... ... .. ... ... ..... — 200 °C. GLASS BULB
Altitude for Full Ratings. ........ ... ... .. ... .. .. ... .. ..... — 10,000 feet
Circuit Values*

Grid Circuit Resistance for Cathode Bias Operation.......... — 1.0 megohm

Grid Circuit Resistance for Fixed Bias or Combination

Fixed and Cathode Bias Operation........................ — 0.1 megohm

*Fixed bias operation not recommended. When combined fixed and
cathode bias is used, the cathode bias portion should be at least 7.5
volts in normal operation.

KEY

Bottom View
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RANGE OF VALUES

Conditions: E; = 6.3V:E, = 135V;
E(» = O,Rk "k = 250&
Both sections operating.
Each section read separately.

Individual Plate Current........ .. ... 100 150 Milliamperes d.c.
Individual Section Transconductance.. 5800 8200 Micromhos
Amplification Factor................. 14 26

Conditions: E; = 6.3; E, = 250Vdc
E. = —200Vdc Ry/x = 0.
Individual Plate Current............. 10 Milliamperes d.c.

Application Notes

The 6AS7G is widely used as a “passing” tube or series regulator tube in controlled power supplies because of its
high transconductance at relatively low plate voltages. To provide the desired output current, many triode sections can
be paralleled. If tube sections are to be paralleled however, the designer is strongly urged to use sufficient resistance in
each cathode leg to equalize current division among the triode sections. Recommended values for various operating
currents are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance
indicated for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to
anode resistance because it helps to provide increasing bias on the sections taking greater plate current. A cathode

resistor too, need be only one third the value (u;_;_l) of a plate resistor, and therefore will dissipate only one third the

power. In any case, the only losses incurred in using a resistor is the insertion loss of the resistor itself (less than one
watt) and the additional voltage (less than 10 volts) necessary from the unregulated supply. A cathode resistor adds a
small additional loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially necessary
in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated in the
simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little IR drop
across the resistor, and the grid of the passing tube is effectively tied to the plate. The plate will attempt to draw excessive
current from the passing tube’s cathode and may seriously impair tube life. The circuit in Figure 2 is preferable from the
consideration of the safety of the passing tube both during warmup and in the event of trouble in the amplifier circuit
or if the amplifier tube is removed from its socket. It has the additional advantage of providing a constant voltage for the
amplifier circuit. However, if the regulated output is low (below 250 volts) it will be necessary to provide additional
negative voltage for the reference tube circuit. Also, if the regulated output voltage is to be variable, it may be necessary
to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin of at
least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. If the cathode resistors
as suggested on the plate characteristic curve are used, a minimum bias of 7.5 volts will be provided. Sufficient bias
excursion should be allowed for overcoming ripple. The amplifier circuit should be able to swing the passing tube grid
far enough to counteract the effect of unbalance due to tube ageing.

A grid resistor should be used for each triode section. This should be high enough to prevent parasitic oscillation
but not large enough to prevent loss of control due to a small amount of “gas” grid current. A value of grid resistance
that meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 6.3 volts as measured
on the tube pins. When connecting many high drain tube heaters across a single transformer, bus bars feeding from
“alternate ends” (Figure 3) should be used with a stranded pair feeding individual sockets.
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FIGURE 3
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TRANSFER CHARACTERISTICS FOR EACH TRIODE SECTION
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MINIATURE ARGON THYRATRON

DESCRIPTION — The Type 6D4 is an Argon filled triode thyratron with nega-
tive control grid characteristics. Although the 6D4 has found use as a relay
tube and saw tooth oscillator, its principal application has been as an RF moise
generator. Because of its small size, light weight, and relative freedom from
temperature restrictions, this tube is suited particularly for use in compact
or portable equipment.

ELECTRICAL DATA

Heater Voltage................................... 6.3 volts 4- 1097
Heater Current (E¢ = 6.3 volts).................... 250 mA
Minimum Cathode Heating Time................... 30 seconds
Anode to Control Grid Capacitance................. 2.6 uufd

Control Grid to Cathode Capacitance................ 1.2 pufd

Anode to Cathode Capacitance..................... 1.0 uufd

Heater to Cathode Capacitance..................... 2.9 pufd

Anode Voltage Drop (at 100 mA d.c.) approx......... 12 volts

Noise Output (video band width 4 Mc. Fig. 2 condi-
tions with Epc = 250 V.D.C. and R =
33,000 0hm)........................ 9v. p. to p. min.

MECHANICAL DATA

Mounting Position................... ... Any

Average Weight. . ..................... ... 0.3 oz.

Maximum Vibration Rating (D = .08”, 25 cps)..2.5 g.

Bulb. .. o T-5%
Base........... 7 Pin Miniature Button

RATINGS, ABSOLUTE VALUES

Min. Max.

Peak Anode Voltage

Forward............... ... ..ol 350 volts

INVEISE. . oo 350 volts
D.C. Plate Supply Voltage.................... 250 volts d.c.
Cathode Current

PEAK . .. s os o s e § i 55 50 £ 3§ 8 110 mA

AVerage. ... ... 25 mA

Averaging Time........................... 30 seconds
Negative Control Grid Voltage................. —150
Heater Cathode Voltage...................... —110 0
Ambient Temperature....................... —55 90°C
Control Grid Circuit Resistance................ 0.5 meg.

b= 3,7 MAX. 3

T5% BULB

‘4— 17%” MAX. ——— —— 3=
|

GLASS BULB

DQ NOT USE

DO NOT USE

BOTTOM VIEW
SMALL BUTTON 7-PIN
MINIATURE BASE



6D4
TUNG-SOL / CHATHAM

TYPICAL CONTROL CHARACTERISTICS

T 240
TYPE 6D4

220

EF =63 V.
180

\ 160
NON CONDUCTION CONDUCTION
REGION REGION

140
\
120
\ 100
80
\

60

PLATE VOLTAGE (D.C.)

—28 —24 =20 —16 —12 —8 —4 0
CONTROL GRID VOLTAGE

Figure 1

Application Notes

The tube can be used in conjunction with a 375 gauss magnet as an R.F. noise generator.
The magnetic field is applied perpendicular to the normal electron path in such a way as to de-
flect the electrons upward (north pole of the magnet at pin 7). Minimum output figures listed,
are as measured through a tuned filter, 1000 cps bandwidth at 3 db points, with R = 56,000
ohms, Epc = 300 V.D.C.

0.01ufd
— ——> RF out Frequency Minimum Noise Voltage
in Megacycles in Microvolts RMS.
0.1 10,000
0.2 14,000
m 05 25,000
1.0 22,000
2.0 7,000
5.0 500
63v 10.0 70

i

Figure 2
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SELF INDICATING, COLD CATHODE THYRATRON TYPE
DESCRIPTION——The 395A is a small size, light weight, 395 'A

cold cathode thyratron used primarily in relay service. The char-
acteristic neon glow displayed on the surface of the cathode while -
the tube is conducting makes the use of auxiliary visual indicating 1
devices unnecessary. The minute triggering current requirements |

“\"k |

and the lack of necessity for filament power make this tube extremely
equipment. The 395A will fire directly from a signal supplied by {

suitable for use in transistorized equipment or in battery operated %
either a vacuum photo tube or a cadmium sulphide photo cell. \

The 395A has also found use as a trigger tube, as a relaxation =’

oscillator, and as a voltage regulator. “

MAXIMUM RATINGS FOR RELAY SERVICE, ABSOLUTE VALUES

Positive Anode Voltage (This rating may be increased to 150 volts provided ade- 465
quate electrostatic shielding and a low level of illumination is employed. In |*-500—-l
( general this requires a conducting shield in intimate contact with the tube in )
the area between the two mica discs; the maximum shield potential not to
differ from the cathode potential by more than 100 volts; and the peak tube
illumination not to exceed five lumens per square foot.)................... 140 vDC
Negative Anode Voltage (Without discharge to a positive grid)............... —60 VDC
Positive Grid Bias Voltage (without grid ionization)......................... 70 VDC
Total Positive Grid Voltage to Insure Breakdown (with R, = 0.1 Megohm Max.) 87 VDC Min.
Negative Grid Voltage (without discharge to a positive anode)................ —10VDC Ty
I
)

1Yy =
£

1%

2%

Grid Transfer Current. ... 5 uAdc

Cathode Current 4
Peak, recurring (Averaged over 1 second)................... ... ..... .. 35 mA /g Max.
Average (See life expectancy curve)............... ... ... ..... —

Peak Inverse Anode Current....... ... ... .. . . .. 1 mA INSULATION
SLEEVE

017"
TYPICAL OPERATING ELECTRICAL DATA NOMI N(

CONDITIONS (Typical Values) —TINNED

Anode Supply Voltage........... 130 vDC Cathode.............................. Cold GLASS BULB

Positive Grid Bias............... 70 vDC lonization Time (At E, = 130v, E, = 75v, NOTE:

Grid Trigger Voltage............. 20V. ec = 20v. pulse, Rg = 0.1 megohms.).. 23 u Sec. COLORS INDICATED FOR

Anode Circuit Resistance......... 6800 ohms Anode Voltage Drop, (at Ib = 10. mA).. 75VDC TUBE LEADS ARE THE

Grid Circuit Resistance........... 1 Megohm Grid Voltage Drop  (at Ic = 10. mA).. 65VDC SCL?éeERSS OF THE INSULATION
Anode lonization Voltage (At £, = 0).... 170 VDC )

MECHANICAL DATA Grid lonization Voltage. . ............... 75VDC

Required Transfer Current for transition of

Temperature. . ................. —40°C to +60°C discharge to anode at 130 volts DC. . . .. 2.5 u Amp. CATHODE

- Altitude for Full Ratings. ... ... .. 10,000 ft. (YELLOW)

Normal Illumination (See applica-
tionnotes)................... 5 to 150 1m/sq. ft.

Bottom View




395-A
TUNG-SOL / CHATHAM

L Load Load
‘ 5,000 Q@ min. for
(8.20042) Normally & continuous duty

Closed l]

SPUShh Qo 67 v. 675 v.

witc

0.1 Meg © lé,__|l| |

& + _n 20.v Trigger

Normally closed
push switch

85 to 150 VDC L

?_

Fig 2

Fig 1

395A Operated from dry batteries

395A Used as a mechanically operated relay

50 mA, 200 PIV, Rectifier

Cadmium Sulphide | o
Cell. (Clairex
CL-1 or equivalent) 0.15 Meg @
130 VDC 117 v. RMS
0.2 ufd
Fig 3 47,000 2 — Fig 4
i (o]
395A Acting as a relay for a Cadmium Sulphide photo cell Same as Figure 3 but operated from A.C. line

Application Notes

The 395A thyratron contains a cathode, a trigger grid and an anode within a gaseous atmosphere. If an increasing
positive voltage is applied to the grid, a minute pre-ionization current will flow until the critical grid current of about
two microamperes is reached. At this point the region between the grid and cathode “breaks down” or ionizes. If the
applied anode voltage is equal to or greater than the grid voltage, the glow will then transfer to the cathode-anode region.
Thus, a very low energy signal in the grid circuit can control much higher energy in the anode circuit. If, in this
illustration an anode current of 10 milliamperes were to flow, the tube has provided current amplification of 5,000.

As with any gas tube, once the tube conducts, the tube voltage drop remains virtually constant and the current
through the tube is limited by the circuit resistance. In the anode circuit this may be the resistance of the load itself,
or, the load plus additional limiting resistance. The grid circuit should contain a 5,000 ohm series resistance if the
source resistance is lower than this figure. If the grid circuit resistance is above 10 megohms, however, it may be
necessary to connect a small capacitance between the grid and cathode. This is to store enough energy to insure grid
ionization.

If the 395A is used in totally enclosed equipment there may be a delay of several milliseconds before firing. This
can be alleviated by providing over-voltage on the grid signal or locating the tube where it will receive some illumination
from pilot lights or the heaters of vacuum tubes. The 395A is radioactively dosed to minimize this delay. The magnitude
of activity is not great enough to institute a personal hazard. However, persons are cautioned not to handle broken
tubes to avoid getting the active material directly into the bloodstream through cuts. If a person cuts himself on a
broken tube, the cut should be cleansed immediately. An open cut can be cleansed by holding it in running water.

For “end on” visual indication, the 395A can be mounted in a recess in a panel. For current levels below two
milliamperes, the illumination can be increased by using for the recess, tubing with shiny inner walls. If the tube is
not used in a recess, the bulb sides should be shielded (eg: nickel mesh) to prevent hand capacity or strong electric
fields from altering firing potentials.

Typical circuit configurations are illustrated above. As with any thyratron circuit, once the tube conducts, the
grid will not regain control until the anode voltage falls low enough to extinguish the cathode-anode glow. This is
usually accomplished by breaking the anode circuit. However, it can also be done under D.C. operation, by causing the
anode current to flow in saw tooth steps. The saw tooth is generated by running the tube as a relaxation oscillator by
inserting sufficient capacity between the cathode and anode. Figure 3 illustrates an application of this idea. The 395A
will also regain grid control on each cycle if it is run from half wave rectified A.C. Figure 4 illustrates an application

of the tube on A.C. Operation of the tube on A.C. without the series diode is not recommended.

The flat anode voltage-current characteristic of the 395A has led to the use of the tube as a voltage regulator or
as an over voltage protective device. The tube has also found use as a trigger device carrying amperes of current for
several seconds in “one shot” applications.
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OPERATION CHARACTERISTICS

Range includes variations during life.
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ANODE CIRCUIT VOLTAGE vs CURRENT

ANODE CHARACTERISTICS

For Various Load Resistances
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LOW NOISE, MINIATURE TWIN TRIODE TYPE
DESCRIPTION — The Type 407A is a nine pin miniature, medium Mu, twin 407A

triode, featuring separate cathodes. The heater is designed for parallel opera-
tion at 20 volts or for series operation at 40 volts. Other characteristics are
similar to those of the 2C51 and the 5670. A shield is attached to the center of
the heater to decrease possible interaction between triode sections. The useful
frequency range as an amplifier, mixer, oscillator, or multivibrator extends
from low frequency to VHF.

Because of the inherent low noise and choice of either 20 volt or 40 volt
heater operation, the 407A has found wide use in carrier telephony circuits.

ELECTRICAL DATA

Heater Voltage Series Connection (use pinsland9)............................. 40 volts 4-5%
Parallel Connection (tie pin 1 to pin 9;use pin5and 1,9). .. .. .............. .. 20 volts +59%
Heater Current Series Connection (use pinsland9)............................ 50 mA
Parallel Connection (tie pin 1 to pin 9;usepin5and1,9).............. ... ... 100 mA
Characteristics per Section under conditions
E, = 150 Vdc E. = 0, Rk/k = 240 ohms
Plate Current. ... ... 8.2 mA d.c.
Transconductance. . . ... ... .. 5500 mhos
AMPIIfiCAHON FAGLOT, ... s soscsmmsssmmesimmas somennmssssuess oms oninsssmsas s 35
o Plate ReSiStance (@pProX.). .. .. ........oooe oo 6400 ohms

Interelectrode Capacitances (measured with no shield and with heater tied to cathode
of unit under test. Each section tested separately.)

Gridto Plate. ... ... .. o 1.3 uufd
Grid to Cathode. . ... ... 2.25 uufd L o s e
Plate to Cathode. ... .. .. 1.0 ppufd ’
Heater to Cathode... ... ... ... .. .. .. . . .. ... 2.4 pufd
Interelectrode Capacities Between Triode Sections

Plate to Plate. .. ... ... ... ... . 0.1 uufd
Noise and Microphonics (using Western Electric 2B Noise Measuring Test Set with
weighting filter (ZF1A) ... . . 8 db

1.750” MAX ——————i

............................................................... Miniature Button, 9 Pin
Net Weight, Average.. . ... .. .. .. . .. . ... . ... 0.3 oz.
Maximum Vibration Rating (D = .08” @ 25¢ps)........................ 25¢.

(oo
FEZ
(%l =
@® =
[om
=
()
o
o
«\,
=
=)
=
‘—|>
=
o>
AN
\—7 1.500” MAX ——————»—]

RATINGS, ABSOLUTE VALUES

GLASS BULB
Min. Max.
Heater Voltage (20 volts nominal). .. ............................. 19 21 volts
(40 volts nominal). ................ .. ... .. ....... 38 42 volts
Plate Voltage. . . ... .. ... — 330 volts d. c. Ay
Grid Voltage. . ... . —55 0 volts d. c.
Heater-Cathode Voltage. ... ... ... ... ... ... ... ... ... ... ... ... —130 4130 volts d. c.
Grid Currentper Grid. ........... . ... ... ... .. . ... — 3.0 ma
Plate Currentper Plate............ . .. . ... .. ... .. ... ... ... ... — 18 ma d. c.
Power Dissipation per Plate. . ........ ... ... ... .. .. ... ... ... .. — 1.6 watts
Envelope Temperature........... . ... . ... . ... .. ... ... . ...... — 165 °C
Altitude for Full Ratings............ . ... .. .. .. .. . . . .. ... ... — 60,000 feet
Circuit Values: ) i
Grid Circuit Resistance per Grid................................ — 0.5 megohm BOTTOM VIEW

SMALL BUTTON 9-PIN
MINIATURE BASE




407A
TUNG-SOL / CHATHAM

Typical Operation
Class AB; Amplifier

Plate Voltage. . ................... ... ... ... .. ... 300 volts
Cathode Resistor. . .................................. 800 ohms
A.F. Grid to Grid Voltage (RMS)....................... 14 volts
Zero—Signal Plate Current per Section................. 49 mA
Maximum Signal Plate Current per Section............. 6.3 mA
Load Impedance (Plateto Plate)....................... 27,000 ohms
Total Harmonic Distortion. . .......................... 10 per cent
Maximum Signal Power OQutput. .................... .. 1.0 watt
EF = 20 VOLTS
15
TRANSFER CHARACTERISTICS / >
TYPE 407A // -
// 12
ya /ll
\Nj\(’% 10
P / /

©
PLATE CURENT IN MILLIAMPERES PER SECTION
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PLATE CHARACTERISTICS
FOR EACH TRIODE SECTION
14 A TYPE 407A
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AVERAGE CHARACTERISTICS

TYPE 407A
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TYPES

CH 1027-9
DESCRIPTION — The CH1027 Family is a series of subminiature, two electrode, radio-

. ; : ; rde
active, nitrogen filled constant current tubes. They are available in current ratings from c“ 1 oz 10

10712 to 10 amperes. For the tolerances shown below, current plateaus can extend as low CH 1 oz y 4 -1 1

as 25 volts and as high as 500 volts. CH 1 027-12

Because of their close tolerances and extremely long life, curpistors provide a circuit func-

CURPISTOR, MINUTE CURRENT REGULATOR

tion not obtainable by any other simple component.

DATA
CURRENT RATING
CHI027-9. . 10 amps
CHIO27-10: - oo < 5 5 5 600700 5 2060t 5 5 wsdindd = Humioue = o summss & o ssosers o o1 aimcs o 5 susrane & o ssace 10-10 amps
CHIO27-11. .. 10-11 amps
CHI027-12. . . 10-12 amps “
NET WEIGHT (Approx.) ‘
CH1027-9, -10, & -11. ... ... 0.03 ounces 1
CHI027-12. . 0.06 ounces ‘
BASE )
CH1027-9, -10, & -11. .. ... .o Subminiature Flat Press with two
Flying Leads
CHI027-12. . Double Ended (See diagram)
MOUNTING POSITION . . ... Any
L Unlimited (Half Life = 1620 years)
AMBIENT TEMPERATURE RATING.......... .. ... .. —170°C to +80°C
ACTIVE MATERIAL. . ... Radium 226
MAXIMUM CURRENT VARIATION FROM CENTER VALUE (for plateaus from 25 to 500 volts)
CHI027-9 & CHI027-10. .. ... ... oo +1%
CH1027-11 & CHI027-12. .. .. ... +2%
ACTIVITY
CHI0ZT=9 s 055 ¢ 55505 5 5 515555 5 $a0000 e s osmrmss o sssuein o 5. svetess = 5 +:mrmis o orosess = » sisroe = - misiecs o = 18.75  microcuries
CHI027-10. . . 1.875  microcuries
CHI0Z27-11. . .o 0.1875 microcuries
CHI027=12. 00+ o s # s 2 45t & 568358 5 55765 5 5 suiimnens < sseimce = o scosmse o o scssocs o srmsmcnce o 0.01875 microcuries
LEAD MATERIAL. .. ... Copper (Tinned)
CH1027-9
CH1027-10

CH1027-12 CH1027-11
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TYPICAL APPLICATIONS

The curpistor is suitable as a component to be used for:
Constant capacitor drain or charge in:
Missile Timing Circuits
Ordnance Mine Timing Circuits
Instrument Bias

Ionization Chamber Testing

Calibration (as a standard)

TYPICAL CURVE

104

102

100

98

96

PERCENT OF RATED OUTPUT CURRENT

94

0 50 100 150 200 250 300 350 400 450 500
APPLIED VOLTAGE (VOLTS)

Notes

The curpistor should be handled in accordance with the Atomic Energy Commission’s regulations for activity of the
magnitude indicated for the various units. These magnitudes are not great enough to constitute a hazard to personnel
if proper precautions are taken. Personnel are cautioned not to handle broken tubes so as to avoid the entrance of the
radioactive material directly into the bloodstream through cuts. If one is cut on a broken tube, the cut should be cleaned
immediately. An open cut can be cleaned by holding it in running water. If a tube is broken, care should be taken that

the gas is not inhaled.

8/59
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CROWBAR THYRATRON TYPE

DESCRIPTION: The CH1096 is a zero bias hydrogen thyratron designed to pass high CH 1 096

currents in “crowbar” protective circuits. As described in the application notes,

destructive arc currents are short circuited by the crowbar tube before damage occurs

to other tubes or circuit elements. *
The instantaneous response, and ability to repeatedly carry extremely large currents,

makes the hydrogen thyratron particularly attractive for this application. One type

CH1096 can handle a peak current of 1500 Amperes at 18 Kilovolts. This tube con- ! ’

tains a hydrogen reservoir which promotes long life and permits optimum gas pressure

adjustment for various conditions of operation, 0 ,J

"'il, «
1 il

ELECTRICAL DATA

Min. Bogey Max.

Cathode Heater Voltage.......................... 6.0 6.3 6.6 Volts
Cathode Heater Current.......................... 27. 30. 33. Amperes

(at Ef = 6.3 volts) )
Cathode Heating Time........................... 15, Minutes
Reservoir Voltage................oooiiiiiiiit, 25 Marked on base 5.5 Volts
Reservoir Current............ ... ...l 12. Amperes
Reservoir Heating Time.......................... 15. Minutes ANODEé]O(;;NECTOR

MECHANICAL DATA

Type of COOlINg ..o oo e Convection
Max. Net Weight ... ... e 4% lbs.
Mounting Position . :c::sssmmmmmmvasssrsssommmmmensus s s s w5 o6 vs s oo Vertical, Base dowi

Dimensions: See outline drawings 1 BASE C-102

MAXIMUM RATINGS — ABSOLUTE VALUES

Min. Max.
D.C. Anode Voltage
FOTWATH sossomomin 55 8554 5 oo mvosnessd 5 555 5555 5 Shdusithinbur o o 0 0 s 5 18 Kilovolts
INVEISE .. 5 Kilovolts
Cathode Current o COMNECIED
Peak ... ... 1500 Amperes 5 INSIEBASE
BVETATE . s : vvsmedoriins s v s 8 55 5 5 amehoios 6 4556 5 55 5.aiaumsmamn o 2 Amperes 4
Conduction time per fault................................. 0.1 sec. 3
Averaging time ............. .. 75 sec. o
Recovery time .............o.iii 50 u sec. 5 i/ 12 o0y
Grid Signal VOItage. . ... ..o oo 1000 2500 Volts {
Grid Impedance ............. ... i, 50 200 Ohms 3
Grid Voltage rate of rise............ ... ... ... . . ... ..., 2200 V/u sec.
Anode Delay time.......... .. ... i, 0.6 u sec. S A ‘
Anode Voltage Drop............o.oueiuineeninnnnnnnn.. 50 300 Volts o7 0N R era 010"
Ambient Temperature Range.................ccvvuvee.n.. —50° +75°C

BOTTOM VIEW
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Application Notes

In a typical application, a crowbar thyratron is connected in series with a suitable impedance across the filter of the
hlgh voltage power supply for a high frequency triode oscillator. Whenever an arc occurs in the oscillator tube, the
rising current is used to deliver a suitable signal to the grid of the thyratron. The thyratron immediately conducts to
short circuit the power supply until the protective circuit breaker opens 0.1 to 0.5 second later. With proper circuitry,
the thyratron can be made to recover control before the power supply breaker opens. In this latter case, the oscillator
tube is protected with a minimum interruption in operating time.

e AN

CROWBAR
THYRATRON

gk

TANK

POWER '.
SUPPLY J -I_ [
al RF TUBE
OVERLOAD .
RELAY T
—_— NNV
-_
References:
SMITH, BOB:
The Fault Diverter — A Protective Device for High-Power Electron Tubes. Report
UCRL-3701 Rev. University of California, Radiation Laboratories, Berkeley, Calif.
PARKER, W. N.
and
HOOVER, M. V.:

Gas Tubes Protect High-Power Transmitters. Electronics, Jan. 1956.

DOOLITTLE, H. D.:
High Powered Hydrogen Thyratrons. Cathode Press, V1, P6, 1954.

Anode Connector

3507 —'l Il— L

Basing Connections

ANODE CONNECTOR

| | _
o e e LEY) 1
——-l 1.500 + .015 }‘— T 2 6
Lead Connections "
™ Connected inside of base
Lead Function Lead Color Lug Color Lug 14
Lug Dimensions
1 Grid Green Green S W
g G
Cathode &
2 Heaté’r T Black Black L [ T
3 Heater Yellow Yellow L e ' J
| t . i\ / "
4 Heater Yellow Black L A
|
5 Reservoir Red Yellow S
6 Reservoir Red Red S LUG | .G A W C D M
STUD MAX. MAX. MIN. MAX.
Leads are flexible 514” +14" long from bottom of base to L R 1.21” .53” 41”7 .04” .94”
center of lug hole. Color coding as well as base marking S __;#'10 00" 317 30”7 03” 747
identifies the leads. ) . ) . 5

10 /89
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_---—---—_--_-----_--_---—-__-—_----T_--_—___-_—_-
CROWBAR THYRATRON TYPE

DESCRIPTION: The CH1097 is a zero bias hydrogen thyratron designed to pass high CH 1 097

currents in “crowbar” protective circuits. As described in the application notes,
destructive arc currents are short circuited by the crowbar tube before damage occurs
to other tubes or circuit elements.

==

The instantaneous response, and ability to repeatedly carry extremely large currents,
makes the hydrogen thyratron particularly attractive for this application. One type
CH1097 can handle a peak current of 2500 Amperes at 25 Kilovolts. This tube con-
tains a hydrogen reservoir which promotes long life and permits optimum gas pressure
adjustment for various conditions of operation.

ELECTRICAL DATA

Min. Bogey Max.
Cathode Heater Voltage.......................... 6.0 6.3 6.6 Volts
Cathode Heater Current.......................... 20. 23. 40. Amperes
(at Ef = 6.3 volts)
Cathode Heating Time........................... 15. Minutes
Reservoir Voltage................oiiii... 35 Marked on base 6.0 Volts
Reservoir Current. ...............ccoviiinni.... 12 Amperes
Reservoir Heating Time.......................... 15. Minutes
CLAMPING REGION
(IF CLAMPING
2 - IS NECESSARY)
MECHANICAL DATA e 744
e =~
Type of CoOliNg ... ..o Convection
Max. Net Weight ... ... o 10 Ibs.
Mounting Position . ......... ... . . Vertical, Base down
Dimensions: See outline drawings JPASE. C-l0i
2+ 63t Ly
? a%‘z%}i{i\f
MAXIMUM RATINGS — ABSOLUTE VALUES
LEAD AND LUG DIMENSIONS
Min. Max. ARE GIVEN WITH BASE
D.C. Anode Voltage CONNECTION INFORMATION
Forward ... o 7 25 Kilovolts ON PAGE 2
L 5 Kilovolts
Cathode Current
Peak ... ... 2500 Amperes SHOLES,
AVETAGE ...t 5 Amperes 3lz*0l0
Conduction time per fault.......................... ... ... 0.1 sec. ©
Averaging time ................. ... 50 sec. S
Recovery time ...... ... ... 50 u sec. n RIR
Grid Signal voltage.......................... ... 1400 2500 Volts g N
Grid Impedance ............... ... oo 20 50 Ohms P b
Grid Voltage rate of rise......................o oo, 2500 V/u sec. 5 3
Anode Delay time................ .. oo, 0.6 1 sec. e b
Anode Voltage Drop.................oooovininnnnnin.... 50 300 Volts -
Ambient Temperature Range............................ ... —55° +75°C m 4
3,813+.016°[3.813%.016°
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Application Notes

In a typical application, a crowbar thyratron is connected in series with a suitable impedance across the filter of the
high voltage power supply for a high frequency triode oscillator. Whenever an arc occurs in the oscillator tube, the
rising current is used to deliver a suitable signal to the grid of the thyratron. The thyratron immediately conducts to
short circuit the power supply until the protective circuit breaker opens 0.1 to 0.5 second later. With proper circuitry,
the thyratron can be made to recover control before the power supply breaker opens. In this latter case, the oscillator
tube is protected with a minimum interruption in operating time.

+ VWAAA—|

_— CROWBAR
THYRATRON

J - J—V\N\. TANK

POWER N .
SUPPLY
RF TUBE
OVERLOAD
RELAY
AV

References:

SMITH, BOB:
The Fault Diverter — A Protective Device for High-Power Electron Tubes. Report

UCRL-3701 Rev. University of California, Radiation Laboratories, Berkeley, Calif.
PARKER, W. N.
and
HOOVER, M. V.:
Gas Tubes Protect High-Power Transmitters. Electronics, Jan. 1956.
DOOLITTLE, H. D.:
High Powered Hydrogen Thyratrons. Cathode Press, V1, P6, 1954.

Basing Connections

ANODE CONNECTOR
WITH BINDING HEAD
SCREW 10-32x7/[16"

6 5
Lead Connections 4
Lead Function | LeadColor { LugColor | Lug 4%
Lug Dimensions
1 Grid Green Green S R .
2 Heater Yellow Yellow L - D € ‘
3 Heater Yellow Yellow L - . TL ) 7 w
4 | Reservoir | Red Red S A | _‘ /.
5 | Reservoir | Red Red S |
6 Cathods Tube Base iange W6 | stop | wmax | wax | Miv | P | MAx.
Leads are flexible 8” 34" long from bottom of base to L mn” 1.21”7 | .53” 417 .04” .94”
;:;:rtjirﬁz: l;li i;(;l;:.s' Color coding as well as base marking s | #10 007 | 317 | 307 | 037 | 74

10/58
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HIGH POWER HYDROGEN THYRATRON TYPE

DESCRIPTION — The VC-1257 is a three electrode, hydrogen filled, zero bias thyratron de- vc 125 ,

signed for the generation of high power pulses. The primary application of the tube is in
high power, high voltage radar modulators. The VC-1257 is capable of supplying 33 megawatt
pulses in this service. An internal hydrogen reservoir promotes long life and permits optimum
pressure adjustment for various conditions of operation. The cathode is unipotential and is
connected to the electrical center of the cathode heater circuit in order to minimize time jitter.

Firm electrical connections are made to the cathode heaters, grid and reservoir by means
of flexible cables fitted with lugs. The tube is rigidly supported by a base with a flange
containing bolt holes. The cathode connection is made through the base flange.

ELECTRICAL DATA

Symbol Min. Bogey Max.
Heater Voltage. .. .. ... ... . . ... .. ... ... .. Ef 6.0 6.3 6.6 Volts
Heater CUITENT. . .« cons oo s cwmme s s siminn s smast s o s 5 o 5 5 st & o f 20 23 40 Amperes
(With bogie heater and reservoir voltage) )
Cathode Heating Time. ... ... ... . . ... .. .. .. . . .. . ... ........ tk 15 Minutes
Reservoir Voltage (See application notes)........................ ... Eres 3.5 Marked on base 6.0 Volts
Reservoir Current. ... . ... .. ... .. ... ... ... Ires 12 Amperes
Reservoir Heating Time. .. .......... ... ... .. ... ... .. ... ........ tres 15 Minutes
Anode Voltage Drop. .. ......... ... .. .. .. .. ... ................ etd 100 200 400 Volts

Type of Cooling. . ... oo Convection
(Forced air cooling across the radiator is recommended for maximum tube life)

Mounting Position. . . ... .. . . Vertical, base down

Maximum Net Weight. . ... ... 10 Ibs.

Dimensions: See outline drawing.

CLAMPING REGION

RATINGS, ABSOLUTE VALUES ‘ r cuammne
Symbol  Min. Max. & ﬁ Al pal

Peak Anode Voltage o .

Inverse (Note 1). ... .. G % S B BARG  E RS X B9S ... €pX 0.5 33 Kilovolts

Forward (See Application Notes for starting procedure)............... ... epy 7. 33 Kilovolts
Cathode Current

PeaK. ib 2000 Amperes

AVerage. . . . . Ib 2.6 Amperes ASE C—10I

RMS (For square pulse applications I, = /Tb X 1b ). .. .. B 60 Amperes - t -
D.C. Anode Voltage. . ... ... ... .................. ceeiiiiiioo..o...... Ebb 3.5 Kilovolts 2t g L]
Operating Frequency. ... ... ... ... . . . . . .. i prr 1500 cps T

(This is not necessarily the upper operating frequency limit of the VC-1257 but w

represents the highest repetition rate extensively life tested to date.)
Peak Grid Voltage (Note 2) . .. .. ... ... .. ... ... . .. . .. . ... egy 1300 Volts 2500 Volts
Peak Inverse Grid Voltage. . . .. ....... .. ... ... .. .. ... egx 650 Volts
grig;iTeofRisheof%idPulse(NoteS)........_......__‘...A.....‘.“,.. tr 0.35 i sec.

rid Pulse Width at 70.79% Point. . ... ... ... ... ... .. ... ... ... . ... . 2.0 u sec.
Heating Factor (epy x ib x prr. See.paged). ................................ Pb 20 x 10° :i:DGIA::NL;?TL?I:::ESWNS
Current Rate of Rise (Note 5)........................ ... . ... .. 10,000 amp/u sec. CONNEGTION INFORMATION
Anode Delay Time (Note 3). ... ...... .. .. .. . . ... ... .. . ... ... tad 0.5 u sec. ON PAGE 4
Time Jitter (Note ). ... ... 0.01 u sec.
Ambient Temperature. . o . TA —55°C +75°C

Note 1: In pulsed operation, the peak inverse voltage, exciusive of a spike of 0.05 M sec. maximum dura- /;IHZSLOEKS)

tion, shall not exceed 5.0 kilovolts during the first 25 u sec. following the anode pulse.

Note 2: The grid drive requirements of a VC-1257 change considerably during the first few minutes of tube
op_eru'jon. In order to reliably trigger a cold tube, the grid pulse voltage and duration and the
grid circuit impedance should be chosen according to the limiting curves on page 3.

Note 3: Aqode delay time is defined as the time interval between the point on the rising portion of the

. grid voltage pulse which is 26 percent of the maximum unloaded pulse amplitude and the point
where anode conduction takes place.

Note 4: Time jitter is measured at 50 percent of the pulse amplitude after the tube has been operating for
at least 60 seconds. The limit of 0.01 4 sec. shown is the maximum allowable under specified un-
fuvorab!.e operating conditions. With sufficient grid drive and with anode voltages of 20KV and
above, jitter not exceeding 0.005 y sec. can be easily achieved.

/Kgog"\ :
N\

3,813+.018°[3.

3.813'+.0i6 |, 3.813+.016

Note 5: Measurement made between 26% and 70.7% points.
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Application Notes

The VC-1257 hydrogen thyratron is designed primarily for use in higch power radar modulator service. A basic
circuit for such service is illustrated below. In such a circuit, the hydrogen thyratron serves as a switch to release into
the magnatron or other radio frequency generator, the energy stored in the pulse forming network. The VC-1257 is
admirably suited for such service by its ability to hold off high voltage, and to pass high peak currents with relatively
low tube voltage drop. The tube will operate over a wide range of pulse repetition rates, pulse widths and peak currents,
thus providing a very flexible circuit element. Triggering requirements are simplified since the tube operates with zero bias.

CHARGING
DIODE HYDROGEN

PULSE FORMING TRIODE
NETWORK CLIPPER

L _
vCizs7 _[ T

CHARGING
CHOKE

HIGH VOLTAGE e &
POWER SUPPLY

TRIGGER PULSE
CIRCUIT TRANSFORMER
MAGNETRON

The VC-1257 contains a hydrogen reservoir that maintains the gas pressure within the tube in accordance with the
voltage impressed across it. Since the reservoir can hold many tube volumes of gas, long tube life is insured. In addi-
tion it is possible to set the gas pressure at the optimum value for any particular set of operating conditions. The reservoir
heater voltage stamped on the tube base has been determined for a particular set of conditions somewhat beyond the
maximum tube ratings and will be satisfactory for most applications. In general, it is desirable to operate at as high a
reservoir voltage as possible without obtaining spurious discharges in the grid-anode region. When the VC-1257 is
operated at or near maximum ratings, the reservoir voltage regulation should not exceed +2.5%. If the VC-1257 is
operated at reduced duty a wider reservoir operating range can be expected. However, care should be taken when
determining the reservoir voltage to insure satisfactory operation with the anticipated reservoir voltage regulation.
Under no circumstances should the reservoir voltage be reduced to such an extent that the anode shows color.

The instantaneous application of anode voltage (instantaneous starting or “slap on”) is not recommended. When
it is absolutely necessary, the maximum permissible epy is 22 kv and this value shall not be attained in less than 0.04
sec. For initial application of maximum rated anode voltage, it is recommended that one of the following starting
methods be used:

a) Step starting. Apply no more than 22 kv epy initially.
Do not increase in steps greater than 5 kv per minute.

b) Reduced Reservoir Voltage. This method is suitable for automatic control. During warm-up and standby periods,
the reservoir voltage is held at 92.5 percent of the nominal value. After initial anode voltage application of not
greater than 22 kv, the .anode voltage may be increased at a maximum rate of 1 kv per second. After 7.5 minutes of
anode operation at maximum voltage, the reservoir voltage is increased to its nominal value. Other starting methods
can be supplied to meet various particular applications.

Typical Operation

Variations in the operating parameters affect the life expectancy of hydrogen thyratrons; therefore, a simple
method of rating for all conditions is difficult. Until such time as sufficient information is available to prepare complete
operation rating charts, we list the following typical conditions of operation under which considerable tube life has been
obtained. If the VC-1257 is to be employed in an operation differing widely from these conditions (unless the require-
ments are obviously less severe) it is suggested that the customer request a recommendation for the specific application.

Peak
Anode Voltage Peak Pulse Width di/dt

Prr Forward Inverse Current 70% Point Amps/ps

pps kv kv /&mps us

310 33 5. 2000 2.5 10000

500 30 1.7 1250 3.6 3400
*900 30 1.6 1250 1.0 4200
1500 20 5. 067 1.3 6670

*Operation made possible by use of hydrogen triode clipper.
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Basing Connections
ANODE CONNECTOR
WITH BINDING HEAD
) SCREW 10-32x7/16"
6 5
Lead Connections 4
Lead Function Lead Color Lug Color Lug 4%
Lug Dimensions
1 Grid Green Green S "
2 Heater Yellow Yellow L D £
3 Heater Yellow Yellow L I s L 7
4 | Reservoir | Red Red S ) | ~J T /
) Reservoir Red Red S |
6 Cathod T Flane G A W C M
amode ubis Baze Flange LUG| stup | MAX. | MAX. | MIN. D1 maAx.
Leads are flexible 8” ==34” long from bottom of base to L L/ 1.21” D3 41”7 .04” .94”
center of lug hole. Color coding as well as base marking on ’ o ’ ’
identifies the leads. #10 0 - 30 03 i
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MINIATURE HYDROGEN THYRATRON

DESCRIPTION —The 1258 is a zero bias miniature hydrogen thyratron designed primarily
for use as a pulse modulator tube for low power radar transmitters. This tube can supply
peak pulse power of 10 kilowatts and therefore will replace physically larger types in many
applications. Because of its close electrode spacing and small size, made possible by hard
glass construction, the 1258 is capable of relatively high pulse repetition rates.

The 1258 has become the industry standard for a small size pulse modulator tube
because of its long history of satisfactory service.

ELECTRICAL DATA

Symbol Min. Bogey Max.
HeaterVoltage ... os st summmmmun sy s oo 5 somummmnmes s 15 5 5 5 & bammemass Ef 5.7 6.3 6.6 Volts
(When Ip is less than 0.75 Aac, refer to Recommended
Heater Voltage Curve on page 3)

Heater Current .. ... e If 1.6 1.8 2.0 Amperes
(With bogie heater voltage)

Cathode Heating Time....... ..o tk 60 Seconds

Anode Voltage Drop (At recommended E¢)...................... .. ..... etd 175 Volts

MECHANICAL DATA

Type of CO0lINg. ...ttt e e Convection
(Heat dissipating shields may be used. Forced air cooling is not recommended.)

AU cvessssessmmommammasssasss o soamamaississos bonsnestissssss Nammes See Application Notes

Mounting Position. . ...t Any

Maximum Net Weight. .. ... 0.5 ounce

Dimensions: See outline drawings

Vibration Test CoNditionS: swumuwmssas ¢ v uonsssmmmmennms s 65880 aasiomes 64754555 8m8 10-50 cps @ 10 G

Maximum Shock Conditions. ........ 508 55T T3 5 AR S F SEE 3 pueeasdesnn a e & 8 08 s e 720 G /1 millisec.

(48° Hammer blow in Navy Fly Weight, High Impact Shock Machine)

RATINGS, ABSOLUTE VALUES

Symbol Min. Max.

Peak Anode Voltage

INVErSE.(NOY® 1)..covunss ¢ s 5 oo v msovies # viin s st & sissmin 5 4 st & sisss 5 4 o § 4 epx  — 1000 Volts

FOTWAEA - ¢ o cvums s o s o 5 vmie s wamns 5 55505 5 5 4ivis 5 £A100 5 BARiS 3 Eumoe § mmaio 5 epy 200 1000 Volts
Cathode Current

PeAK. ... ib 20.0 Amp.

AVBIAGR. ... .o Ib 50 ma.

RMS (For square pulse applications |,==+/1b X ib).......................... 1, 1.0 Amp.
D.C. Anode Voltage. . ....... ... .. ... o Ebb 300 Volts
Heater-Cathode Voltage................................................ e Ehk —100 —+25 Volts
Operating FreqUency. ... .. .. ... oot prr 5000 Cps.

(This is not necessarily the upper operating

frequency limit but represents the highest

repetition rate extensively life tested to date.)
Peak Grid Voltage . . . See Recommended Grid Pulse Conditions on page 2........... egy 175 500 Volts
Peak Inverse Grid Voltage. . ........ ... ... ... i egx 150 Volts
Heafing Factor (epy x ib x prr. Seepage 4)................coovmiieieiiennnni.. Pb 1x 108
Current Rate of Rise (Note 2)........ ... ... ... ..o iiiiiiiiiiiiinnnni, 400 Amp/p sec:
Anode Delay Time (Note 3)..............ooo oo tad 0.6 u sec.
Time Jitter (Note 4) . . ... ... tj 0.01 4 sec.
Ambient Temperature. . ........................ ... TA —60°C 4125°¢C

Note 1. In pulsed operation, the peak inverse voltage, exclusive of a spike of 0.05 L sec. maximum dura-
tion, shall not exceed 500 volts during the first 25 4 sec. following the anode pulse.

Note 2: Measurement made between 26% and 70.7% points.

Note 3: Anode delay time is defined as the time interval between the point on the rising portion of the grid
voltage pulse which is 26 percent of the maximum unloaded pulse amplitude and the point where
anode conduction takes place.

Note 4: Time jitter is measured at 50 percent of the pulse amplitude after the tube has been operating for
at least 60 seconds. The limit of 0.01 4 sec. shown is the maximum allowable under specified un-
favorable operating conditions. With sufficient grid drive and with anode voltages of 600 volts and
above, jitter not exceeding 0.005 u sec. can be easily achieved.

e - — - —— - -

TYPE
1258

.804”—.844”

]

T

Té6%: BULB

MAX.

2.125”

-‘—— 1.875” MAX.

N
[
Q

Hard Glass Bulb

Small Button 7-Pin
Miniature Base
(See Application Notes)
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Application Notes

The 1258 miniature hydrogen thyratron is designed primarily for use in line type radar modulators. A basic circuit
for such service is illustrated below. In such a circuit, the hydrogen thyratron serves as a switch to release into the magne-
tron or other radio frequency generator, the energy stored in the pulse forming network. This tube is admirably suited for
such service by its ability to hold off relatively high voltage, and to pass high peak current with relatively low tube voltage
drop. The tube will operate over a wide range of pulse repetition rates, pulse widths and peak currents, thus providing
a very flexible circuit element. Triggering requirements are simplified since the tube operates with zero bias.

CHARGING
DIODE

CHARGING
CHOKE

PULSE FORMING
NETWORK

L]
T_ T

PULSE
TRANSFORMER

The 1258 fits a standard 7 pin miniature socket. The tube pins, however, are stiff, and care should be taken to
have the socket clips in perfect alignment before attempting to insert a tube. As the tube operates at high temperatures,
a ceramic type socket should be employed. Connections to the socket should be made with flexible leads to provide floating
action for the socket clips. Pin straighteners should never be used on these tube types, as any attempt to bend the pins will
result in cracked button bases!

HIGH VOLTAGE
POWER SUPPLY

1258

I

TRIGGER
CIRCUIT

(G-

MAGNETRON

The nominal altitude rating for the 1258 is 10,000 feet. However, if provision is made to prevent arc-over between
pins, these types also will operate at 80,000 feet. One method of preventing arc-over between pins is to pot the base end
of the tube. If the entire envelope is to be potted, however, precaution must be taken to keep bulb temperature below 225°C.

Cathode temperature is determined by RMS cathode current as well as by heater power. The bogey heater voltage
of 6.3 volts therefore is applicable only near full operating conditions. At light loading it is recommended to operate
the heater voltage higher. Recommended figures for various operating conditions are shown on the curves on page 3.

Typical Operation

Pul Peak
Rep:tist?on Angls Cruyenit A:(?de %‘ﬁft&h Grid Drive
Rate Peak RMS Average Voltage
pps Amps | Amps AC | mAd.c. Volts I sec U sec volts
5.000 20.0 1.0 50. 1,000 0.5 1.0 175
10,000 6.6 0.5 37. 316 0.56 2.0 175
*33000 | 35 | 046 | oo0. 350 | 05 Blocking 200
Oscillator

*Limited test information

Recommended Grid Pulse Values

Min, Max.
Peak Voltage 200 500 Volts
Driver Circuit Impedance 200 1000 Ohms
Voltage Rate of Rise 350 Volts/p sec.

These values are as measured at the tube socket with the thyratron removed. The grid pulse width should not be
longer than the anode pulse except in cases where the driver circuit impedance is high. The minimum peak trigger voltage
recommended will increase with decreasing trigger pulse width. However, this effect is important only at pulse widths
less than 0.5 microseconds.
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______________________________________ s
SHIELD GRID THYRATRON TYPE
DESCRIPTION — The 2050 is a xenon filled four electrode thyratron with 20 50
negative control characteristic. This tube is designed for relay applications and
for grid controlled rectifier service. With the shield grid type of construction
a very low preconduction grid current flows which allows the use of a high
resistance in the grid circuit. The grid control characteristic, because of the
inert gas filling, is independent of ambient temperature over a wide range.
The effective anode to control grid capacity may be reduced by connecting
pin No. 4 to No. 8 and connecting the grid resistor directly at the socket
terminal.
ELECTRICAL DATA
Heater Voltage........... ... ... .. ... ... ... ... ... ... ........... 6.3 +10% volts
Heater Current (Ec = 6.3 volts).......... ... .. ... ... ........ 0.60 Amperes
Minimum Cathode Heating Time............ .. ... ... ... ..... ... .. 10. Seconds
Anode to Control Grid Capacitance. ................ .. ........... .. 0.26 Micro-microfarads
Control Grid to Cathode (and shield grid) Capacitance.............. .. 4.2 Micro-microfarads
Anode to Cathode (and shield grid) Capacitance...................... 3.6 Micro-microfarads
De-ionization Time, Approx. (shield tied to cathode) %
With Grid Volts = —250, Grid Res. = 10002, s 3
Anode Volts = 125, Anode Cur. = 0.1 Amps........... ... .. ... 50 Microseconds ho&
With Grid Volts = —10, Grid Res. = 1000, - 9 -
Anode Volts = 125, Anode Cur. = 0.1 Amps. ................... 100 Microseconds J :5
30
lonization Time, APProX....... ... oo 0.5 Microseconds - i~
Anode Voltage Drop, ApproxX....................co i 8 Volts
Maximum Critical Grid Current (At E,, = 460vRMS)........ ... ... 0.5 Microamperes
MECHANICAL DATA
Mounting Position........... ... .. ... ... .. Any
Maximum Overall Height. ... ... ... . .. .. ... ... .. .. ... .. ... .. 48"
Maximum Seated Length........ ... ... .. . ... . ... . ... ... 3%6"
Maximum Diameter. ... ... ... .. . ... . . ... ls/6” REY
Bulb. .. -
. u Sl+l2 BOTTOM VIEW
Base. ... Small Shell Octal 8-Pin
Maximum Net Weight. ... ... ... ... ... .. . ... ... ... ... ... ... 1.5 Ounces
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Ratings, Absolute Values

Maximum Peak Anode Voltage

Inverse 350 1300 Volts
Forward 180 650 Volts
Maximum Cathode Current
Peak 1.0 1.0 Amperes
Average 0.2 0.1 Amperes
o Surge (max. duration 0.1 seconds) 10 10 Amperes
Maximum Averaging Time 0 30 Seconds
Maximum Negative Control Grid Voltage
Before Conduction —250 —250 Volts
During Conduction — 10 — 10 Volts
Maximum Positive Control Grid Current, Average
(Averaging time, 1 cycle) 0.01 0.01 Amperes
Maximum Negative Shield Grid Voltage
Before Conduction —100 —100 Volts
During Conduction — 10 — 10 Volts
Maximum Positive Shield Grid Current, Average
(Averaging time, 1 cycle) 0.01 0.01 Amperes
Maximum Control Grid Circuit Resistance 1.0 10 Megohms
Maximum Heater-Cathode Voltage
Heater Negative —100 —100 Volts
- Heater Positive 25 25 Volts
Ambient Temperature Limits —75 to +90° Centigrade
AVERAGE CONTROL CHARACTERISTICS
Rc1=0.1 MEGOHMS Rc2>=0 OHMS
700 i
Y « |
2 |
N SR
2 X "\\XY WS
3 SR P A
S 500 —\ NS\ Yot—\o
w N\ B 2\°
S NR |
Z 400 \ 8
< N\ A B
5 AR
300 \\ \
200 \ \ \
A
\\&\x\\
0
-6 —4 -2 0 2 4 6

D-C CONTROL-GRID VOLTS
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OPERATIONAL RANGE OF
CRITICAL GRID VOLTAGE

Ranges shown are for two values of grid
resistor, 0.1 megohm and 10 megohm,
and take into account initial differences
between individual tubes and subse-
quent differences during tube life for a
heater voltage range of 5.7 to 6.9 volts.

RANGE FOR
L RANGE FOR 0.1 MEGOHMS a
10 MEGOHMS \ ~\‘ 500
\ T K
\ \
Y 400
NENERI
\ \ _
i \ Will always d
\\ \\ X Condyuct G
X 300 g
NENEN ]
\\ \ 5
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D-C GRID NO.1 SUPPLY VOLTS
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AVERAGE GRID CHARACTERISTICS
BEFORE ANODE CONDUCTION
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SHIELD GRID THYRATRON

DESCRIPTION — The 2050W is a ruggedized, xenon filled, four electrode thy-
ratron with negative control characteristics. This tube is electrically equiva-
lent to the popular type 2050, but has been ruggedized to permit the tube to
stand high impact shocks and vibration. The design features stronger elements
and a cushioning silastic rubber filling between the glass envelope and the
special skirted low loss base. This tube is designed for relay applications and
for grid controlled rectifier service. With the shield grid type of construction, a
very low pre-conduction grid current flows which allows the use of a high
resistance in the grid circuit. The grid control characteristic, because of the
inert gas filling, is independent of ambient temperature over a wide range.

The effective anode to control grid capacity may be reduced by connect-
ing pin No. 4 to No. 8 and connecting the grid resistor directly at the

socket terminal. :

ELECTRICAL DATA

Heater VOItage. . ..........................cc 6.3 + 1095 volts 'H f
;o Heater Current (E, =6.3 volts)..................................... 0.60 amperes B
| Minimum Cathode Heating Time.................................... 10. seconds
Anode to Control Grid Capacitance.................................. 0.26 micro-microfarads ——
Control Grid to Cathode (and shield grid) Capacitance................. 4.2 micro-microfarads ’- T

T-9 BULB

Anode to Cathode (and shield grid) Capacitance...................... 3.6 micro-microfarads
De-ionization Time, approx. (shield tied to cathode)

With Grid Volts=— 250, Grid Res. = 1000 ©, . 2

Anode Volts =125, Anode Cur. =0.1 Amps........................ 50 microseconds 3 5 T

With Grid Volts =—10, Grid Res. =1000 2, 2 7%

Anode Volts =125, Anode Cur. =0.1 Amps........................ 100 microseconds ° .
lonization Time, approX................oouiuiui i, 0.5 microseconds S ;l‘s(
Anode Voltage Drop, ApproX.............ccoueiuiuiiieiinei., 8 volts
Maximum Critical Grid Current (At E,, =460V RMS).................. 0.5 microamperes

MECHANICAL DATA

Maximum Shock Rating. ................ ... ... ... ... ... ... ... .. 720G

Mounting Position. . .......... .. ... ... Any 4

Maximum Overall Height. .................. ... ... .. . . .. .. ... ... 4"

Maximum Seated Length. .............................. ... ... .. 396" "

Maximum Diameter........... ... ... . . ... . . . . .. 196" -

Bulb. ... T-9 KEY

Bas? ............ BRI S e e S Small Shell Octal 8-Pin BOTTOM VIEW

Maximum NetWeight. ........... ... ... ... . ... ... . ... .. 2.5 Ounces SPECIAL
SKIRTED

SMALL SHELL
OCTAL
LOW-LOSS

BASE
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Ratings, Absolute Values

Maximum Peak Anode Voltage

Inverse 350 1300 Volts
Forward 180 650 Volts
Maximum Cathode Current
Peak 1.0 1.0 Amperes
Average 0.2 0.1 Amperes
Surge (max. duration 0.1 seconds) 10 10 Amperes
Maximum Averaging Time 30 30 Seconds
Maximum Negative Control Grid Voltage
Before Conduction —250 —250 Volts
During Conduction — 10 — 10 Volts
Maximum Positive Control Grid Current, Average
(Averaging time, 1 cycle) 0.01 0.01 Amperes
Maximum Negative Shield Grid Voltage
Before Conduction —100 —100 Volts
During Conduction — 10 — 10 Volts.
Maximum Positive Shield Grid Current, Average
(Averaging time, 1 cycle) 0.01 0.01 Amperes
Maximum Control Grid Circuit Resistance 1.0 10 Megohms
Maximum Heater-Cathode Voltage
Heater Negative —100 —100 Volts
Heater Positive 25 25 Volts
Ambient Temperature Limits —75 to 4+-90° Centigrade
AVERAGE CONTROL CHARACTERISTICS
Rc1=0.1 MEGOHMS Rc2=0 OHMS
700
o
NN
: R AR
Q 500 N —\ \“ \'; b
" N S\ \N\s\°
= \ X
2 400 \ \ ,
< \ o
i NARAY
300 \\ \
200 \\ \\ \
AN
100 \\ \\
NN
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g \%
—6 -4 -2 0 2 4 6

D-C CONTROL-GRID VOLTS
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OPERATIONAL RANGE OF
CRITICAL GRID VOLTAGE

Ranges shown are for two values of

grid

resistor, 0.1 megohm and 10 megohm,
and take into account initial differences
between individual tubes and subse-
quent differences during tube life for a
heater voltage range of 5.7 to 6.9 volts.

RANGE FOR
RANGE FOR 0.1 MEGOHMS\ ]
10 MEGOHMS\ - ,
\ \
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NENERL
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500

400

w
o
(=)

A-C ANODE VOLTS (RMS—60 CYCLE)

200

100




AVERAGE GRID CHARACTERISTICS
BEFORE ANODE CONDUCTION

AVERAGE GRID CHARACTERISTICS
DURING ANODE CONDUCTION

TUNG-SOL / CHATHAM
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D-C CONTROL-GRID VOLTS
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0.008
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TYPE

COLD CATHODE, HALF WAVE RECTIFIER 5517

DESCRIPTION — The 5517 is a gas filled, cold cathode, half wave rectifier.
This tube features small size, light weight and instant operation. A starting
electrode is used to ignite the tube at relatively low voltage, permitting it to
operate over a large portion of the AC cycle. One tube in a half wave circuit
will supply 10 mADC at more than 1,000 VDC. This tube is used extensively
for photoflash work and for other applications where the necessity of filament
power during standby would be a disadvantage.

MAXIMUM RATINGS

Maximum Peak Inverse Anode Voltage............. 2800 Volts

Maximum Starting Voltage (with starter electrode
connected to anode through 10 Meg. ohms.). . . ... 400 Volts RMS

Maximum Average Anode Current. ................ 12 Milliamperes
Maximum Peak Anode Current. . .................. 100 Milliamperes
Maximum Tube Drop (at1, = 100 mA) . .......... 125 Volts
Maximum Surge Anode Current................... 300 Milliamperes -
Minimum Source Impedance...................... 5000 Ohms e
(Source impedance may be less than that specified ‘
if circuit constants are such that maximum peak
anode current does not exceed 100 m A and thata m\:
short circuit current is limited to 300 m A.) #
e 3
= 2
ELECTRICAL DATA 9
Average Tube Drop..... ..., 100 Volts
MECHANICAL DATA GLASS BULB
Mounting Position. ............... ... .. ... ..... Any o
Maximum Overall Length......................... 2%
Seated Length. . ... . ... ... . ............... 148" + 34"
Maximum Diameter.............................. 0.75"
Bulb. ... . T-5%
Cap. . Skirted Miniature, C1-3
Base............... .. Miniature Button 7 Pin
( Average Weight. . ............... ... ... . ...... 0.32 ounces

Bottom View
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TYPICAL CIRCUIT VALUES

Figure 1 — HALF WAVE RECTIFIER

Rs
YWV
RG 5517
% ERMS
RL.
CL=F L GiDC
A\
IpC B
N\o/2
ErRMS Rs RG RL CL Epbc IpcC
VOLTS OHMS MEGOHMS OHMS MED VOLTS MILLIAMPS
1,000 6,000* 12¢ 100,000 2 1000 10
Figure 2 — VOLTAGE DOUBLER, FULL WAVE
9
RG
- CL
éi ERMS ED}
- RL
C
\ 1
RG CL
5517 Rs
ErRMS Rs RG RL CL EpC Ipc
VOLTS OHMS MEGOHMS OHMS MFD VOLTS MILLIAMPS
1,200 6,000* 12¢ 255,000 4 2550 10

* INCLUDING TRANSFORMER IMPEDANCE

t USE THREE 3.9 MEGOHM, 350V, { WATT RESISTORS IN SERIES.
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TYPE
5643

SUBMINIATURE SHIELD GRID THYRATRON

DESCRIPTION — Subminiature type 5643 is a xenon filled, four electrode
thyratron with negative control characteristics. It is similar in characteristics
to the miniature type 5696. The 5643 is suitable for use as a switching tube,

counter, or grid controlled rectifier. Because of its shield grid construction,
the input will work directly from a high impedance source such as a vacuum \
phototube or a cadmium sulphide photo cell. The effective diode to control %
grid capacity may be reduced by connecting leads 2, 4 and 8 to lead 5, and ¥ A
connecting the grid resistor directly to the socket terminals. I 1
This tube is particularly suited for use in compact and portable equipment, g S
because of its small size and light weight. ,‘ TW
3 BTSN
, /)
ELECTRICAL DATA / '\1 I\
Heater Voltage. ........ .. ... ... ... .. 6.3 + 5% Volts ),7 M\ II \!\
Heater Current (E;=6.3 volts)........ ... ... ... ... ... ... 0.150 Amperes
Minimum Cathode Heating Time. ......... ... .. ... .. ... ... 10. Seconds
Anode to Control Grid Capacitance............................ 0.084 Micro-microfarads
Control Grid to Cathode (and shield grid) Capacitance........... 1.33 Micro-microfarads
Anode to Cathode (and shield grid) Capacitance................ 1.27 Micro-microfarads 04"
De-ionization Time, approx. (shield tied to cathode) MAX.
With Grid Volts= — 100, Grid Res.=1000 ¢,
Anode Volts=500, Anode Cur.=.016 Amps.................. 15 Microseconds
With Grid Volts=—10, Grid Res.=1000 Q,
Anode Volts=500, Anode Cur.=.016 Amps... ... ........... 25 Microseconds __l_
Anode Voltage Drop, Approx.. ................ ... ............ 12.5 Volts
" . . A
Critical Grid Current (At E,,=350vRMS) ... .. ... .. ... ... .. 0.5 Microamperes GLASS BULE
MECHANICAL DATA .
Maximum Shock Rating. ... . . 450 G “® 0
Mounting Position........ ... .. ... ... Any
. . G @ @ SG
Maximum Overall Length. ... ... .. .. . ... ... .. ... .. .. ... See outline '
Maximum Seated Length. . ... ... ... . ... . ... ... ... ... ... 1%
Maximum Diameter. ... ... ... ... ... .40 H@ ‘ o
Bulb.. ..o T-3 @ -
Base.... ... Subminiature Button Bottom View
8 Fin:Lung L eads 0177 Tinned flexible leads

Weight (Approx.).............. . .. . . . 0.12 ounces
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RATINGS, ABSOLUTE VALUES

Maximum Peak Anode Voltage

INVErSe. ... . 500 volts

Forward. ... .. .. ... ... ... 500 volts
Maximum Cathode Current

Peak. ... ... . .l 100 Milliamperes

AVErage. ... ... 16 Milliamperes

Surge (max. duration 0.1 Second). ............ ... ... .. ... .. 1.0 Ampere

Maximum Average Time............... ... ................ 15 Seconds

Maximum Negative Control Grid Voltage
Before Conduction. ... .. ... ... .. ... ... .. .. ... . ... ... —200 volts
During Conduction .. ... ... ... .. ... ... .. ... ... ... .. —10 volts

Maximum Negative Shield Grid Voltage
Before Conduction. ........... .. .. ... .. .. ... ... ....... —100 volts

During Conduction. ........ ... ... . ... ... ... ... ... —10 volts
(The shield grid should not be used for control purposes).

Maximum Heater Cathode Voltage

Heater Negative. ... .. ... ... ... ... ... .. ... .. ... ... ... —100 volts
Heater Positive. ........ ... ... . ... .. .. .. ... ... ... 25 volts
Ambient Temperature Limits................................. —55° to+ 90°
Centigrade
Maximum Control Grid (G1) Circuit Resistance.................. 10 Megohms
Altitude For Full Ratings...................... ... ... .. ... .. 60,000 Feet

AVERAGE GRID CHARACTERISTICS BEFORE ANODE CONDUCTION

Eb=100 v \ Eb=50 v

Eb=200 v 1 ¢ .

Eb=300 v ]

Ef — 6.3 Yolts

Eb=500 v Shield Grid Volts =0.
e Conduction starts

=005

=010

=015

=020

—&0

—4.0 -3.0 —20 ~T1.0

DC CONTROL GRID VOLTS

D-C CONTROL GRID MILLIAMPERES
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VARIATION OF CRITICAL GRID VOLTAGE WITH GRID CIRCUIT RESISTANCE

—4
-3 ] _ 3
o Eb=500 v
—
(©)
> /
o)
o Eb=300 v "
(O 2 —2
0 Eb=200 v "]
o
}_
z /
8 Eb=100 v
— —
Q Eb=50 v ——
1K 10K 100K IM 10M
CONTROL GRID CIRCUIT RESISTANCE IN OHMS
RANGE FOR RANGE FOR
10 MEGOHMS 0.1 MEGOHMS
400
|
|
\ \ ‘\ Will always
\ \ \ Conduct
~ . - 300
: \ \ \
OPERATIONAL RANGE OF N\ L
\
CRITICAL GRID VOLTAGE N \ \ \
Ranges shown are for two values of grid il " N \ 2
resistor, 0.1 megohm and 10 megohm, and I Cs:;,:c, \ \
take into account initial differences between ~
individual tubes and subsequent differences \ \ \\
during tube life for a heater voltage range NN ~ -
of 6.0 to 6.6 volts. \\
\
<
N

DC CONTROL GRID VOLTS

AC ANODE VOLTS (RMS — 60 cycle)



D-C ANODE VOLTS

5643
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[

Rg=1,000 OHMS
Ef=6.3 VOLTS

SHIELD-GRID VOLTS =0

| I

AVERAGE GRID CHARACTERISTICS
DURING ANODE CONDUCTION

lp=2 ma

10 ma

25 ma

50 ma

A\

N

75 ma

D-C CONTROL GRID VOLTS

D-C CONTROL-GRID MILLIAMPERES

500

_123

/o)

RG1=0.1 MEGOHMS

RG2=0 OHMS

S AVERAGE CONTROL - CHARACTERISTICS

400

300

200

—

100

N

2 4 6
D-C CONTROL GRID VOLTS

6/58



TUNG-SOL /CHATHAM

MINIATURE VOLTAGE REFERENCE TUBE
DESCRIPTION — The 5651 is a miniature two electrode inert-gas-filled, cold

cathode, glow discharge diode for use as a voltage reference tube in electronic
regulated supplies. It has an operating voltage of 86 volts over a current range
of 1.5 to 3.5 milliamperes. This tube is ideally suited for applications in
which sudden fluctuations must be kept below 0.1 volts over the entire range
and which require very low operating voltage drift and long life.

ELECTRICAL DATA

MECHANICAL DATA

w Mounting Position. ........ . . . .. .. Any
Maximum Overall Length......... ... .. 2% inches
Maximum Seated Length.. ... ... ... .. 178 inches
Maximum Diameter....... ... ... ... .. % inch
Bulb...... ... T-5Y%
Base. ... ... ... ... ... .. ... .. . ... Small-Button Miniature
7-Pin E7-1

RATINGS, ABSOLUTE VALUES

Maximum D. C. Operating Current.... .. .3.5 ma
Minimum D. C. Operating Current. ... . .. 1.5 ma
Ambient Temperature Range. . ... ... .. —55t0+90°C

CIRCUIT VALUES

Max. Shunt Capacitor......... ... ... ... 02 uf

Series Resistor. ... ... . . . ... ... See Note on
Following Page

pe T —— — - e w—s e e - -

TYPE
S651

750"
™ MAX.

‘i

2.125" MAX
1.875" MAX

.
|

L
]

=

DO NOT USE DQ NOT USE

Bottom View
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TUNG-SOL / CHATHAM
TYPICAL AVERAGE TUBE VOLTAGE

i DROP VS. TUBE CURRENT PLOT

88

87
2 g P il
S —
8 /
a 5 /
w /
O /
<
[~
0o A
>
o 84
2

83

82

81

80

15 20 25 30 35 40 45

TUBE CURRENT (MILLIAMPERES)
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Equipment Design and Range Values

Minimum Average Maximum
Volts Volts Volts
D.C. Anode Supply Voltage in Darkness 160* — —
D.C. Anode Supply Voltage in Light 115% — —
Anode Breakdown Voltage — 106 115
Tube Voltage Drop (1) at 1.5 ma 82 84.5 —
Tube Voltage Drop (2) at 3.5 ma == R 86.0 92
Regulation (1) (1.5 ma to 3.5 ma) — 1.5 3
Voltage Jump** — 0 0.1

*To assure starting throughout tube life, the supply voltage should not be less than this value.
**Defined as the maximum voltage fluctuation at any current level within the operating current range.

NOTE—A series resistor mustalways be used with the 5651 in order to limit the current to a maximum
of 3.5 ma at the highest anode supply voltage and to limit the current to a minimum of 1.5 ma at the
lowest anode supply voltage.

Figure 1
o—— / NV >
y >
R, I,
V] vz R2
\
o— /
TYPICAL APPLICATION CIRCUIT
12AT7 12AT7
- \\\ - \4 N\
g 2 o j_| l_ O
|
3 T
200 OHM
e 5
Z Oa&
INPUT YR 3
300V.D-C =10% ! 598,
@ 7.5 ma. 58 1)
@i
®x =
1L i A ~003
0.01 mfd. = 0.01 mfd. 5651 Sx" <«
OA2 e e
o<
o :: +I
w
O - - —0
P
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Operating Notes

Special attention should be given to the bulb temperature at which the tubes are to be
operated. Reliability will be seriously impaired if the maximum bulb temperature is exceeded.

The 5651 voltage reference tube has been designed to give extremely stable tube voltage
drops at specific currents within the current range values. It also has been designed to eliminate
sudden voltage jumps or fluctuations over its operating current range. The voltage regulation
characteristic of a reference tube is not independent of the tube current. The change in tube
current through the reference tube should be limited to a percentage less than the allowable
percentage voltage change. Under these conditions, changes of the voltage drop across the tube
will be in many cases less than 0.2 percent throughout the life of the tube.

6/58
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Rugged, Reliable

Miniature Voltage Reference Tube

DESCRIPTION — The 5651WA is a miniature two electrode inert-
gas-filled, cold cathode glow discharge diode for use as a voltage
reference tube in electronic regulated supplies. It has an operating
voltage of approximately 86 volis over a current range of 1.5 to
3.5 milliamperes. This tube is ideally suited for applications in
which sudden fluctuations must be kept below 5 millivolts over the
entire range and which require very low operating voltage drift and
long life. The 5651WA features high shock and vibration ratings
and will “strike” at low voltages in the absence of light.

Electrical Data

Cathode. ... .. ... ... .. .. . . .. Cold
Mechanical Data
Mounting Position. . . ........... ... Any
Maximum Overall Length. . ............. ... .. ... ... ... 244 inches
Maximum Seated Length........... .. ... ... .. .. ... .. ... 1% inches
Maximum Diameter.............. .. ... . ... ............. % inch
Bulb. ... T-5%
Base. ... Small-Button Miniature
7-Pin E7-1
Net Weight (Approx.)............... ... i, 0.3 Qunces
Maximum Shock Rating................................... 450 G/1 ms
Maximum Vibration Rating (D = .08” @ 50¢cps)............. 10G

Ratings, Absolute Values

Maximum D.C. Operating Current.......................... 3.5ma
Minimum D.C. Operating Current. . ........................ 1.5 ma

Ambient Temperature Range. ............................. —55to + 150°C
Altitude. ............. ... 60,000 Ft.

TYPE
S6S1 WA

750",
™ MAX:

LS

le— 1.875" MAX.

= 1.500"

[e——— 2.125" MAX.

U v

GLASS BULB

DO NOT USE DQ NOT USE

Bottom View
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Additional Tests to Insure Reliability

Randomly Selected Samples are Subjected to the Following Tests.
Shock:

Fatigue: 25 cps, 0.08” Total displacement, for 32 hours in each of three mutually
perpendicular planes (2.56).

30° Hammer angle in Navy, Flyweight, High Impact Machine (450 G/msec).

lonization Voltage ..115 v.d.c. max.
Regulation (1.5 to 3.5 mA)... 82 to 90 v.d.c.
Tube Voltage Drop (1.5 and 3.5 mA)....3.0 v.d.c. max.

Post Shock and Fatigue Limits:

End Point: change in Tube Voltage
Drop from Initial Value @ Ih =
2.5 MAAC i 200 mVdc max.

Stability Life Test (1 hour):

Survival Rate Life Test (100 hours): .
End Point: change in Tube Voltage Drop from Initial Value @

Ib = 2.5 mAdc 500 mVdc max.

End points (500 hours):
Change in Tube Voltage Drop from

Initial Value @ Ir = 2.5 mAd

Tube Voltage Drop
Regulation
lonization Voltage

Tube Voltage Drop..
Regulation .........
lonization Voltage

Intermittent Life Test:

1.5 v.d.c. max.
...82-90 v.d.c.

..3.0 v.d.c. max.
115 v.d.c. max.
82-90 v.d.c.

3.2 v.d.c. max.
.. 115 v.d.c. max.

End Points (1000 hours):

TUNG-SOL / CHATHAM

Equipment Design and Range Values

D.C. Anode Supply Voltage in Darknes
D.C. Anode Supply Voltage in Light....
Anode Breakdown Voltage
Tube Voltage Drop (1) at 1.5 ma
Tube Voltage Drop (2) at 3.5 ma....
Regulation
Voltage Jump**
Voltage Repeatability*** .
Oscillation (Aural check)...
Noise
Leakage Current (E» = 50v, Rp = 30002)..
Generated Plate Voltage (when vibrated at 40

cps, 15 G, Rp = 10,000€2, I, = 2.5 mAdc)..
Maximum Shunt Capacitor........ccccceucennes
Series Resistor
Maximum Current through Interconnected

leads

* To assure starting throughout tube
less than this value.

Min. Average Max.

115* — — Volts

115* — — Volts

— 106 115 Volts

82 845 — Volts

— 86.0 88 Volts

— 0.8 1.0 Volts/Milliamp.
— 0 5.0  Millivolts
— 0.01 0.1 Volts

- 0 5.0 Millivolts
— 0 5.0 Microamps
— — 5.0  Millivolts

— — 0.02 Microfarads

Hokk — —

— — 1.0
life, the supply voltage should not be

Ampere

** Defined as the maximum voltage fluctuation at any current level within the

operating current range.

*** Tube is cycled one minute on and one minute off for five cycles @ Ib =
2.5 mAdc. Readings are taken initially and at the end of each ‘‘on'’ period.

**** Sufficient series resistance must be used to limit the current to a maximum
of 3.5 ma at the highest anode supply voltage and to limit the current to
a minimum of 1.5 ma at the lowest anode supply voltage.

Application Notes

Voltage reference tubes are often confused with voltage regulator tubes. While a reference tube is a
regulator tube, it is a special form of regulator in which current range and regulation is sacrificed to provide
voltage repeatability and temperature stability and to minimize voltage jump and long term drift.

The voltage regulation characteristic of a reference tube is not independent of the tube current.
Therefore the 5651WA should be run from a constant current source such as a VR tube, a pentode, or a
simple series regulator. Practical circuits are given in Figures 1, 2 and 3. '

If so desired, “input and output’” connections to either the anode or cathode can be made to different
internally connected pins, so that the circuit will be broken upon the removal of the tube from its socket.
Unused pins should not be used for circuit tie points as voltage on these pins may cause erratic behavior
of the 5651WA or even form unwanted circuit connections through gas breakdown. The tube should be
shielded if it is to be used in strong RF or magnetic fields.

Many circuits utilizing the 5651WA or its prototype, the 5651, are to be found in the Handbook,
PREFERRED CIRCUITS, Navy Aeronautical Electronic Equipment (NAVAER 16-1-519 ). This
is available from the Superintendent of Documents, US Govt. Printing Office, Washington 25, D. C. at $1.75.

6.8K
A%

Figure 1

24.K

Input
210 v.D.C. 10%

OAZWA

5651WA




5651WA
- TUNG-SOL / CHATHAM

+ STABILITY OF 5651WA

Figure 2
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87

TYPICAL AVERAGE TUBE VOLTAGE DROP
VS. TUBE CURRENT PLOT
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DESCRIPTION — The 5696 is a xenon filled, four electrode thyra-
tron with negative control characteristics. It has found wide usage
as a switching tube, and in grid controlled rectifier service. Because
of its shield grid construction, the input of the. 5696 will work
directly from a high impedance source such as a phototube. The
effective anode to control grid capacity may be reduced by con-
necting pins No. 5 and 7 to No. 2 and connecting the grid resistor
directly to the socket terminal. The small size and light weight of
the 5696 and its relative freedom from temperature restrictions

make this tube particularly suited for use in compact equipment.

Heater Voltage............ ... ... ... .. ... ... . ... ...... 6.3 +109% Volts

Heater Current (Ec= 6.3 volts).......................... 150. Milliamperes
Minimum Cathode Heating Time......................... 10. Seconds

Anode to ControI'Grid Capacitance....................... 0.03 Micro-microfarads
Control Grid to Cathode (and shield grid) Capacitance. ... .. 1.8 Micro-microfarads

De-ionization Time, approx. (shield tied to cathode)
With Grid Volts = —100, Grid Res. = 1000 ©

Anode Volts = 500 Anode Cur. .025 Amps.............. 25 Microseconds

With Grid Volts = — 15 Grid Res. = 1000 @

Anode Volts = 500 Anode Cur. .025 Amps.............. 40 Microseconds
lonization Time, approx................................. 0.5 Microseconds
Anode Voltage Drop, approx............................. 10 Volts
Maximum Critical Grid Current '(At Ew, = 350 VRMS). .. .. 0.5 Microamperes

Mechanical Data

Mounting Position...... ... ... ... ... ... ... ... ... Any

Maximum Overall Length..................... ... ....... 1.75"

Maximum Seated Length.. ... .. ... ... ... ... ... ... 1.50”

Maximum Diameter.............. .. ... ... ... ... ... 0.75"

Bulb. ... o T-5Y%

Base. ... Miniature Button 7-Pin
Weight (net). ... ... ... ... 0.3 Ounces

T.5-1/2 BULB

f
!

TYPE

5696

3/4"
MAX.

L

1-1/2"" MAX, ————]
1-3/8" MAX., ———— i

SMALL BUTTON
MINIATURE
7-PIN BASE

L

]
]
N
e

GLASS BULB

Bottom View
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Ratings, Absolute Values

Maximum Peak Anode Voltage

INVEISE. ... 500 Volts

Forward. ... ... .. . ... ... 500 Volts
Maximum Cathode Current

Peak. ... ... 100 MA

AVEIage . . .. 25 MA

Surge (max. duration 0.1 Seconds)......................... 2.0 Amp

Maximum Average Time. ................ ..., 30 Seconds
Maximum Negative Control Grid Voltage

Before Conduction. . ........... ... ... ... ... .. .. ....... —100 Volts

During Conduction ... ..........................

o.o... —10 Volts

Maximum Positive Control Grid Current

Average (Averaged over 30 sec. max.)...................... 5MA
Maximum Negative Shield Grid Voltage
Before Conduction. . ......... .. ... .. ... ... ... ... ..... —50 Volts

During Conduction . ....... ... ... ... ... . ...

cevv... —10 Volts

Maximum Positive Shield Grid Current

Average (Averaged over 30 sec. max.)...................... 5 MA
Maximum Heater Cathode Voltage
Heater Negative.............. .. .. .. ... ... ............ —100 Volts
Heater Positive. . .............. ... .. ... ... ... ... ... ... 25 Volts
Ambient Temperature Limits. .. ............ .. ... ... ... ... ... —75 to 90°
Centigrade

10 Megohms
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RUGGED, RELIABLE
SUB-MINIATURE VOLTAGE REFERENCE TUBE

DESCRIPTION — The 5783WA is a sub-miniature two electrode inert-gas-
filled, cold cathode glow discharge diode for use as a voltage reference tube in
electronic regulated supplies. It has an operating voltage of approximately 86
volts over a current range of 1.5 to 3.5 milliamperes. This tube is ideally suited
for applications in which sudden fluctuations must be kept below 5 millivolts
over the entire range and which require very low operating voltage drift and
long life.

The 5783WA features high shock and vibration ratings. It is particularly
suitable for applications requiring small size and light weight components.

ELECTRICAL DATA

Cathode............. ... ... ... ... ... Cold

MECHANICAL DATA

( Mounting Position........................ ... Any
Maximum Overall Length excluding leads. . . . .. 1% inches
Maximum Diameter.......................... 0.40 inches
Bulb. ... ... . T3
Base....... ... ... Subminiature Flat Press
with three Flying Leads
Net Weight (Approx.)........................ 0.1 Qunces
Maxjmum Shock Rating...................... 450 G/1 ms

Maximum Vibration Rating D=.08" @ 50 cps...10G

RATINGS, ABSOLUTE VALUES

Maximum D.C. Operating Current. ............ 3.5ma
Minimum D.C. Operating Current.............. 1.5 ma
Maximum Inverse Voltage. .................. —50. v.
Ambient Temperature Range. .. .............. —55 to +155°C
Altitude.................. ... ... ... 60,000 Ft.

pe - e — o o o e e e - -

TYPE
S783WA

- 3

5783WA

MADE 1N usA

TUNG 501, aa

‘ /\ Envelope

»~ T-3
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Additional Tests to Insure Reliability Equipment Design and Range Values
Randomly Selected Samples are Subjected to the Following Tests. Min. Average Max.
’ g . k s g.c. Anoge Ssupplly Voltage in Darkness. . %40* — — vo:ts
. 2o : . . : .C. Anode Supply Voltage in Light.... 120* — —  volts
Shock: 30° Hammer angle in Navy, Flyweight, High Impact Machine (450 Anode Breakdown Voltage ... ... ... 2106 120 volts
G/msec). ;ugg ¥o:tage Drop (1) at 1.5ma........ 81 8g.5 1 volts
. . . ube Voltage Drop (2) at3.5ma........ — 860 9 volts
Fatigue: 25 cps, 0.08” Total displacement, for 32 hours in each of three mutu- Regulationg _____ p( _) _________________ — 08 2.0 volts/milliamp.
ally perpendicular planes (2.5 G). Voltage Jump** .. ... .. ... ... ... — 0 5.0 millivolts
Voltage Repeatability***............... — 0.01 0.1 volts
Post Shock and Fatigue Limits: gsglllatlon (Aural check)............... - H 2—0— ——
ot O1S€cnus s 5 susis § Bt ¥ § o 5 & o0 & 9 i — v
lonization Voltage....................... ... .. ..., 120 v.d.c. max. Leakage Current (Eb = 50v, Rp =
Tube Voltage Drop (1.5and 3.5mA) ... .................. 81 to 91 v.d.c. 30002) . ..o _ 0 20 microamps
Regulation (1.5t03.5mA). .. ....................... ... 4.0 v.d.c. max. Generated Plate Voétage (lwhen vibrated
Generated Plate Voltage. ..................... ... .. V.a.c max. at 40 cps, 15 G, Rp = 10,000, Ib = .
e.n.er . it tae 100 m¥:a.c. max 2.8 MAAC) o 5 5 s 5 w5 5 sy & posess - - 50  millivolts
Stability Life Test (1 hour): Maximum Shunt Capacitor............. — —  0.02 microfarads
End Point: Change in Tube Voltage Drop from Initial Value Series Resistor. . ..................... R —
@Ilb=25mAdc............. .. ... 200 mVdc max. Maximum Current through Intercon-
Survival Rate Life Test (100 hours): nected leads....................... - - 0.2 ampere
End Point: Chaﬂge in Tube VOItage DTOD from Initial Value * To assure starting throughout tube life, the supply voltage should not be
@ Ilb=25mAdc........... ... ... 1.0 Vdc max. less than this value.
** The maximum voltage fluctuation at any current lavel within the current

Intermittent Life Test: End Points (500 hours): operating current range.
. - *** Tybe is cycled one minute on and one minute off for five cycles at Ib =
Change in Tube Voltage DfOp from Initial Value. . ... ... .. 4.0 v.d.c. max. 2.5 mAdc. Readings are taken initially and at the end of each ‘‘on'' period.
Tube Voltage Drop ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 81 to 91 v.d.c. *#** Sufficient series resistance must be used to limit the current to a maximum
. of 3.5 ma at the highest anode supply voltage and to limit the current to
Regulatlon ............................................ 4.0 v.d.c. max. a minimum of 1.5 ma at the lowest anode supply voltage.

lonization Voltage................ .. ... ... 120 v.d.c. max.
Application Notes

Voltage reference tubes are often confused with voltage regulator tubes. While a reference tube is a
regulator tube, it is a special form of regulator in which current range and regulation are sacrificed to pro-
vide voltage repeatability and temperature stability, and to minimize voltage jump and long term drift.

The voltage regulation characteristic of a reference tube is not independent of the tube current.
Therefore the 5783WA should be run from a constant current source such as a VR tube, a pentode, or a
simple series regulator. Practical circuits are given in Figures 1, 2 and 3.

If so desired, “input and output” connections to the cathode can be made to different internally con-
nected leads, so that the circuit will be broken upon the removal of the tube from its socket. The tube
should be shielded if it is to be used in strong RF or magnetic fields.

The principal use of the 5783WA is to supply a reference voltage in an electronically regulated
power supply. This use is illustrated in Figure 4. The 5783WA may also be substituted for the miniature
type 5651WA in many circuits found in the Handbook, PREFERRED CIRCUITS, Navy Aeronautical
Electronic Equipment (NAVAER 16-1-519). This is available from the Superintendent of Docu-
ments, US Govt. Printing Office, Washington 25, D. C. at $1.75.

Figure 1 6.8 K
_  MNVN——
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210 v.D.C. =10% o¢®
5783WA
[ ]
Q




5783 WA

TUNG-SOL / CHATHAM

Figure 2
g 68K
|nput 600 to 700 Ohm
210 V.D.C. +10% o Adjust for 2.5 mA
0A2WA
°
o)
5783WA
. AT
Figure 3 ,lg \7\ /@AU\
/O_____@-y + 4 f o)
% L5K
200 OHM
Lk 5=
INPUT LS
300 V.D.C. + 10% < < Edn
@7.5 ma. 3>Z S
> g B o+ e
L X P23
-Io.m . oy F Lol 583WA | 5SS L&
= o 4 <<
Sa @ =
o< ?
e ) It —[ 5+
| <
phiy 1K, IW
Figure 4 .
400V AC
4
5R4 WGB ¢ - z é;_ ég_ . I,
o \T Je 9'[8 3 % g 33 E2Y
o 12 © z |2 e
< < 4o
400V AC l gﬂ‘ 8 -
i
C sovac . | s
575 12 z R
WA = N ~
& e3vac - --Y o
‘(° ) M . l $E 3
Sﬁf =4 >
Sy gl B - T NE
c R |
gf 5783[.1,5
WA S
=3 =0 S =
4o S ' @
= TS o




5783 WA

TUNG-SOL / CHATHAM

TUBE VOLTAGE DROP (VOLTS D.C.)

” | | |
88 TYPICAL AVERAGE TUBE VOLTAGE DROP
VS. TUBE CURRENT PLOT
87
86 ]
//
85 //
84
/'_\—J
/ r\
_— T
1
0
1.5 2.0 2.5 3.0 3.5 4.0
TUBE CURRENT (MILLIAMPERES)
87

TYPICAL AVERAGE TUBE VOLTAGE DROP
\ VS. BULB TEMPERATURE

86 \
\

\\

85

TUBE VOLTAGE DROP (VOLTS D.C.)

—80 —A40 0 40 80 120 160
BULB TEMPERATURE IN DEGREES CENTIGRADE

6/58



TUNG-SOL /CHATHAM

..._.-________-__._________————————ﬁ————-r————_-—_____..

HIGH POWER HYDROGEN THYRATRON TYPE

DESCRIPTION — The 5948 is a three electrode, hydrogen filled, zero bias thyratron designed 5948

for the generation of high power pulses. The primary application of the tube is in high
power, high voltage radar modulators. The 5948 is capable of supplying 12 megawatt pulses
in this service. An internal hydrogen reservoir promotes long life and permits optimum pres-
sure adjustment for various conditions of operation. The cathode is unipotential and is con-
nected to the electrical center of the cathode heater circuit in order to minimize time jitter.

Firm electrical connections are made to the cathode, cathode heaters, grid and reservoir by
means of flexible cables fitted with lugs. The tube is rigidly supported by a base with a flange
containing bolt holes.

ELECTRICAL DATA

Symbol Min. Bogey Max.
Heater Voltage. .. ....... ... ... .. .. .. ... ... Ef 5.83 6.3 6.77 Volts
Heater Current. ... ... ... ... ... ... .. .. If 25 29 33 Amperes
(With bogie heater and reservoir voltage)
Cathode Heating Time. . ....... ... ... ... ... ... ......... tk 15 Minutes
Reservoir Voltage (See application notes) . .......................... Eres 2.5 Marked on base 5.5 Volts
Reservoir Current. . ... ... ... ... . . Ires 11.0 Amperes
Reservoir Heating Time. . ... ... .. ... ... ... ................. tres 15 Minutes
Anode Voltage Drop. .. . ... .. ... .. e etd 100 200 400 Volts

Type of COOLING. . . .o et Convection
(Forced air cooling across the radiator is recommended for maximum tube life)

Mounting PoSition. . ... ... . . Vertical, base down

Maximum Net Weight. . .. .. ... 4 Ibs., 10 oz

Dimensions: See outline drawing.

Clumplng Regllon

(If necessary)

=
= — 5" &
RATINGS, ABSOLUTE VALUES H i
Symbol  Min. Max. "..!,{ 2 7"
Peak Anode Voltage ) 7
Inverse (Note 1). . epx 5% epy 25 Kilovolts
Forward (See Appllcatlon ‘Notes for startmg procedure) ¢ et 5 8 5 B0 8 epy 10 25 Kilovolts
Cathode Current
Peak. . .. ib 1000 Amperes
AVEIAge. . .. ... 1b 1 Ampere
RMS (For square pulse applications I, = /Th X b ).... ... T ) 33 Amperes
D.C. Anode Voltage. . .. ... ... ... . .. Ebb 5.0 Kilovolts )
OPErating FreqUENtY.: « s voms s vz s son s ooms s 5 o698 5 ¥ omi 5 0 5 £ 9 8855 5 5 o s prr 1500 cps 24" + Yie
(This is not necessarily the upper operating frequency limit of the 5948 but
represents the highest repetltlon rate extensuvely life tested to date.)
Peak Grid Voltage (Note 2) . i ... ...... egy 100 Volts 1800 Volts
Peak Inverse Grid Voltage. . . ........... ... .. ... . ... ... egx 650 Volts
(T;mzjepoflRlse %f Grid Pulse(Note 5) ... .. ... ... ... .. ... .. ... ........ tr 56 0.35 u sec.
rid Pulse Width at 70.79 Point. . . .0 u sec.
Heating Factor (epy x ib x prr. See. page 4) ¢ o B g B B B ASIN © ¢ Pb 9 x 109 ;i:DG?C':NLSV?TEIﬁ;SIg:;
Current Rate of Rise (Note 5) . w8 e s o men 5 o STEE B E AR 3 B 5,000 amp/u sec. CAP CONNECTION INFORMA-
Anode Delay Time (Note 3) .. . S tad 1.0 u sec. TION ON PAGE 4
Time Jitter (Note 4) .. .. ... ... .. .. B tj 0.01 u sec.
Ambient Temperature . . . o e TA —55°C +75°C These leads are

connected internally.
4 Holes

.312" & .003"

Note 1: In pulsed operation, the peak inverse voltage, exciusive of a spike of 0.05 y sec. maximum dura-
tion, shall not exceed 5.0 kilovolts during the first 25 u sec. following the anode pulse.

Note 2: The grid drive requirements of a 5948 change considerably during the first few minutes of tube
operation. In order to reliably trigger a cold tube, the grid pulse voltage and duration and the
grid circuit impedance should be chosen according to the limiting curves on page 3.

Note 3: Anode delay time is defined as the time interval between the point on the rising portion of the
grid voltage pulse which is 26 percent of the maximum unloaded pulse amplitude and the point
where anode conduction takes place.

Note 4: Time jitter is measured at 50 percent of the pulse amplitude after the tube has been operating for
at least 60 seconds. The limit of 0.01 y sec. shown is the maximum allowable under specified un-
favorable operating conditions. With sufficient grid drive and with anode voltages of 15KV and
above, jitter not exceeding 0.005 4 sec. can be easily achieved.

Note 5: Measurement made between 26% and 70.7%, poinis.

2.6721.01012.672i.010
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Application Notes

The 5948 hydrogen thyratron is designed primarily for use in high power radar modulator service. A basic
circuit for such service is illustrated below. In such a circuit, the hydrogen thyratron serves as a switch to release into
the magnetron or other radio frequency generator, the energy stored in the pulse forming network. The 5948 is
admirably suited for such service by its ability to hold off high voltage, and to pass high peak currents with relatively
low tube voltage drop. The tube will operate over a wide range of pulse repetition rates, pulse widths and peak currents,
thus providing a very flexible circuit element. Triggering requirements are simplified since the tube operates with zero bias.

CHARGING

CHARGING

CHOKE DIODE HYDROGEN
+ PULSE FORMING TRIODE
NETWORK CLIPPER

HIGH VOLTAGE ———
POWER SUPPLY

Il e

TRIGGER PULSE
CIRCUIT TRANSFORMER

MAGNETRON

The 5948 contains a hydrogen reservoir that maintains the gas pressure within the tube in accordance with the
voltage impressed across it. Since the reservoir can hold many tube volumes of gas, long tube life is insured. In addi-
tion it is possible to set the gas pressure at the optimum value for any particular set of operating conditions. The reservoir
heater voltage stamped on the tube base has been determined for a particular set of conditions somewhat beyond the
maximum tube ratings and will be satisfactory for most applications. In general, it is desirable to operate at as high a
reservoir voltage as possible without obtaining spurious discharges in the grid-anode region. When the 5948 is oper-
ated at or near maximum ratings, the reservoir voltage regulation should not exceed =2.5%. If the 5948 is operated
at reduced duty a wider reservoir operating range can be expected. However, care should be taken when determining
the reservoir voltage to insure satisfactory operation with the anticipated reservoir voltage regulation. Under no circum-
stances should the reservoir voltage be reduced to such an extent that the anode shows color.

The instantaneous application of anode voltage (instantaneous starting or “slap on”) is not recommended. When
it is absolutely necessary, the maximum permissible epy is 18 kv and this value shall not be attained in less than 0.04
sec. For initial application of maximum rated anode voltage, it is recommended that the following starting method be
used: Apply no more than 18 kv epy initially. Do not increase in steps greater than 5 kv per minute.

Typical Operation

Variations in the operating parameters affect the life expectancy of hydrogen thyratrons; therefore, a simple
method of rating for all conditions is difficult. Until such time as sufficient information is available to prepare complete
operation rating charts, we list the following typical conditions of operation under which considerable tube life has been
obtained. If the 5948 is to be employed in an operation differing widely from these conditions (unless the require-
ments are obviously less severe) it is suggested that the customer request a recommendation for the specific application.

Peak
Anode Voltage Peak Pulse Width di/dt
Prr Forward Inverse Current 70% Point N
pPps kv kv Amps us Amps/us
360 25 3 1000 2.5 5000
1500 15 5 500 1.3 5000
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PEAK ANODE VOLTAGE X PEAK ANODE CURRENT

10*

TYPE 5948
AN
\\
\\
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OPERATING >\
AREA >>>>~
7
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10°

REPETITION RATE — PULSES PER SECOND

GRAPHICAL REPRESENTATION OF HEAT FACTOR

Anode Connector

I._

.556
+ .007

.SOi

Basing Connections

ANODE CONNECTOR

P e .22
—| 1500015 e T 2 6
Lead Connections s
™ Connected inside of base.
Lead Function Lead Color Lug Color Lug & %
Lug Dimensions
1 Grid Green Green S M
G
Cathode & C
2 Heater C.T Black Black L [ T
3 Heater Yellow Yellow L . 7
w
4 Heater Yellow Black L R ‘ 1 J
5 Reservoir Red Yellow S
6 Reservoir Red Red S LUG | .G A w C D M
STUD MAX. MAX. MIN. MAX.
Leads are flexible 514" ==14" long from bottom of base to L 1 1.217 .53"” 41”7 .04” .94”
center of lug hole. Color coding as well as base marking #10 00" 317 307 03" 747
identifies the leads. . . - ) .
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HIGH POWER HYDROGEN THYRATRON TYPE

DESCRIPTION — The 5949 is a three electrode, hydrogen filled, zero bias thyratron de- 5949
signed for the generation of high power pulses. The primary application of the tube is
in high power, high voltage radar modulators. The 5949 is capable of supplying 6.25
megawatt pulses in this service. An internal hydrogen reservoir promotes long life and
permits optimum pressure adjustment for various conditions of operation. The cathode
is unipotential and is connected to the electrical center of the cathode heater circuit in
order to minimize time jitter.

ELECTRICAL DATA

Symbol Min. Bogey Max.
Heater Voltage .......... ..o Ef 6.0 6.3 6.6 Volts
Heater Current ....... ... i If 15 18.5 22 Amperes
(With bogey heater and reservoir voltage)
Cathode Heating Time............ ... .o, tk 15 Minutes
Reservoir Voltage (See Application Notes)...................... Eres 3 Marked onbase 5.5 Volts
Reservoir Current .. ......ouuii i Ires 2 5 Amperes
Reservoir Heating Time . .............coiiviiiiiiinnnn. tres 15 Minutes
Anode. Voltage Drop. . ........c.oviiiiiiii i etd 75 125 250 Volts
MECHANICAL DATA
Type of COOIINg . ..o Convection
MOUNYING POSITION « vosuiirn s v as s s v i somiomiosadnossssomoivdosios issoshi simmsiods s 5o Any
Maximum Net Weight. . ... 2Y4 pounds
DIMeNSIONS .. . See outline drawing
S0CKEE .o E. F. Johnson Co.
No. 122-275
or equivalent 0.566"
ANOde COMMECION .. ..\ttt e e e e e e e e Eitel-McCullough, Inc. +0.007" = k—
No. HR-8, or MRSS———
sl 0.50"”
equivalent R ——
MAXIMUM ABSOLUTE RATINGS ]
Symbol Min. Max.
Peak Anode Voltage
Inverse (Note 1). ... .oivuiine it e e epx 5% epy 25 Kilovolts
Forward (See Application Notes for starting procedure)................ epy 10 25 Kilovolts
Cathode Current B
PEAK .ottt ib 500 Amperes Lo 10V
AVBIagE ot Ib 0.5 Ampere ke 35/14” MAX. = '
RMS (For square pulse applications I, = V Ib X ib)............... Ip 16 Amperes
D-C Anode Voltage. ............oviiriiiii e Ebb 5 Kilovolts 8%, 1"
Operating Frequency . ..........c.ouuiiniieine e prr 2000 cps
(This is not necessarily the upper operating frequency limit of the 5949
but represents the highest repetition rate extensively life tested to date.)
Peak Grid Voltage (Note 2)........... ... cciiiiiiiiiiiiiin. egy 550 1500 Volts
Peak Inverse Grid Voltage. ... ..........c.ouiuiiine i, egx 450 Volts
Grid Pulse Rise Time (Note 5)...........coiuiiuininniinineanannn. tr 0.14 u sec.
Grid Pulse Width at 70.7% Point......... ... ... ..coiiiiiiiin . tp 2 u Sec. | |
Heating Factor (epy x ib x prr. See page 4).............cccvvivuun... Pb 6.25 X 10° 3
Current Rate of Rise (Note 5)............c..oouiuivniinn. dik/dt 2500 amp/u sec. - BASE A5-98
Anode Delay Time (Note 3)........ ..o, tad 1.0 u sec.
Time Jitter (Note 4). .. ... i tj 0.01 4 sec.
Ambient Temperature ..ot TA —55°C +75°C G
9 ANODE CAP
[ ]

Note 1: In pulsed operation, the peak inverse voltage, exciusive of a spike of 0.05 W sec. maximum dura-
tion, shall not exceed 5.0 kilovolts during the first 25 4 sec. following the anode pulse.

Note 2: The grid drive requirements of a 5949 change considerably during the first few minutes of tube K
operation. In order to reliably trigger a cold tube, the grid pulse voltage and duration and the
grid circuit impedance should be chosen according to the limiting curves on page 3.

Note 3: Anode delay time is defined as the time interval between the point on the rising portion of the
grid voltage pulse which is 26 percent of the maximum unloaded pulse amplitude and the point
where anode conduction takes place.

Note 4: Time jitter is measured at 50 percent of the pulse amplitude after the tube has been operating for H&R H
at least 60 seconds. The limit of 0.01 yu sec. shown is the maximum allowable under specified un-
favorable operating conditions. With sufficient grid drive and with anode voltages of 15KV and
above, jitter not exceeding 0.005 4 sec. can be easily achieved.

Note 5: Measurement made between 26% and 70.7%, points. BOTTOM VIEW
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Application Notes

The 5949 hydrogen thyratron is designed primarily for use in high power radar modulator service. A basic
circuit for such service is illustrated below. In such a circuit, the hydrogen thyratron serves as a switch to release into
the magnetron or other radio frequency generator, the energy stored in the pulse forming network. The 5949 is
admirably suited for such service by its ability to hold off high voltage, and to pass high peak currents with relatively
low tube voltage drop. The tube will operate over a wide range of pulse repetition rates, pulse widths and peak currents,
thus providing a very flexible circuit element. Triggering requirements are simplified since the tube operates with zero bias.

CHARGING

CHARGING
CHOKE

DIODE

PULSE FORMING
NETWORK

HYDROGEN
TRIODE
CLIPPER

5949

HIGH VOLTAGE
POWER SUPPLY

n

TRIGGER
CIRCUIT

PULSE
TRANSFORMER

.

MAGNETRON

The 5949 contains a hydrogen reservoir that maintains the gas pressure within the tube in accordance with the
voltage impressed across it. Since the reservoir can hold many tube volumes of gas, long tube life is insured. In addi-
tion it is possible to set the gas pressure at the optimum value for any particular set of operating conditions. The reservoir
heater voltage stamped on the tube base has been determined for a particular set of conditions somewhat beyond the
maximum tube ratings and will be satisfactory for most applications. In general, it is desirable to operate at as high a
reservoir voltage as possible without obtaining spurious discharges in the grid-anode region. When the 5949 is oper-
ated at or near maximum ratings, the reservoir voltage regulation should not exceed #+2.5%. If the 5949 is operated
at reduced duty a wider reservoir operating range can be expected. However, care should be taken when determining
the reservoir voltage to insure satisfactory operation with the anticipated reservoir voltage regulation. Under no circum-
stances should the reservoir voltage be reduced to such an extent that the anode shows color.

The instantaneous application of anode voltage (instantaneous starting or “slap on”) is not recommended. When
it is absolutely necessary, the maximum permissible epy is 18 kv and this value shall not be attained in less than 0.04
sec. For initial application of maximum rated anode voltage, it is recommended that the following starting method be
used: Apply no more than 18 kv epy initially. Do not increase in steps greater than 5 kv per minute.

Typical Operation

Variations in the operating parameters affect the life expectancy of hydrogen thyratrons;: therefore, a simple
method of rating for all conditions is difficult. Until such time as sufficient information is available to prepare complete
operation rating charts, we list the following typical conditions of operation under which considerable tube life has been

obtained. If the 5949 is to be employed in an operation differing widely from these conditions (unless the require-
ments are obviously less severe) it is suggested that the customer request a recommendation for the specific application.

Peak
Anode Voltage Peak Pulse Width di/dt
PRR Forward Inverse Current 70% Point
pPps kv kv amp usec amp/psec
360 25 1.25 500 2 2500 |
1500 20 7.0 200 1 2500
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TWIN POWER TRIODE TYPE
DESCRIPTION — The 5998 is a medium mu twin power triode used pri- 5998

marily as a passing tube in series regulated power supplies. For this service,
a tube must be able to pass large currents over a wide voltage range and
still exhibit a low intrinsic voltage drop when operated “wide open.” The
5998 not only meets these requirements but possesses the additional advan-
tage of requiring little grid voltage swing to control these currents. This
permits the use of simpler control amplifier circuits in the regulated supply.

ELECTRICAL DATA

Heater Voltage. ... ... .. ... ... . . P 6.3 109 Volts
Heater:Current (s = 6:3:VOIS)Y cun « ¢ i s fomns 5 ngies 5 2 ovvmit 5 ciamsis 5 2 siomis 5 5 5itice & S0ial & & Hioiots & 058 § & 2.4 Amperes
Minimum Cathode Heating Time. .. ... ... ... . . . . e 30 Seconds
Transconductance (Per SECtON). . .. ... ... . ... i 14,000 wmhos
Amplification Factor.. ... .. ... .. . 5.5
Inter-Electrode Capacities per Triode Section:
Grid t0/CAtNOAR. ... . vov v v v v o v imios 5 it 5 5 Biigs & 5 G55 § 6,957 8 & FI90HE & 5 ST 5 5 eEE & SR & 36 7.7;1;.4f
Grid 10 Plate. . ... s 18.3 uuf
Cathode to Plate. . .. ... . . 2.5 uuf
Heater to Cathode. ... ... ... ... . . 10.0 puf
Inter-Electrode Capacities Between Triode Sections:
Section 1 Plate to Section 2 Plate. . ... ... ... . . 1.7 puf
2L
6
MECHANICAL DATA wax
Mounting Position. ... ... ... .. Base Down
BUID . . ST 16
BASE, ;. « svus v cusvmon = eusarnn w svs 5 5 eencis™s s . 5 Svhsa 8 omihcun 3 s TNSH & RiSini o oises Medium Shell Octal—8 Pin JETC # B8-11 a3
Average Net Weight. . ... ... .. .. . .. 2.4 Ounces MAX o
Maximum Vibration Rating (D = .08” @ 25¢cps) .................oinnn 25G 5i%
MAX
RATINGS, ABSOLUTE VALUES
Minimum Maximum
Power Dissipation per Plate. ................ ... .. — 15 Watts
Plate Current per Plate. ....... ... ... .. .. i i — 140 Milliamperes D.C.
If tube voltage drop is to be swung more than 50 volts, this
current cannot be realized. See Plate Characteristics Curve >
8__]
Plate VOMAGE. . . vooov v vomn o evinien n oo 5o siiie § s § ¥ i 5 6 5% & 5 40§ § wiaie s 5 — 275 Volts D.C. T MAx
Heater-Cathode Voltage. ... ... ... ... ... ... .. ..o i —100 +100 Volts D.C.
Grid VOIAGe. ... — 0 Volts GLASS BULB
Heater Voltage. ... 5.7 6.9 Volts
Envelope TemMperature. ... ........oooooiiii e — * °C.
Altitude for Full Ratings. . ... ... ... ... ... . i — 10,000 Feet
Circuit Values:
Total Grid Circuit Resistance. . .......... ... ... ..., 500 500,000 Ohms
Resistance per grid leg when triode sections are paralleled.................. 500 — Ohms
Cathode Resistance: Minimum cathode resistance per cathode leg shall be 15 ohms or that resistance necessary to pro-
) vide 1097 of the grid bias voltage, whichever is greater.

*For optimum tube life bulb temperature should not exceed 150° C. At full dissipation on both triode sections it will be
necessary to provide forced gir cooling to keep the bulb temperature within this rating.

Bottom View
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RANGE OF VALUES
Minimum  Maximum

Conditions: Es = 6.3V, E, = 120V, E, =—14V.

Plate Current per Section....... ... .. ... ... . . .. .. ... . ... ... ... 50 125 Milliamperes, D.C.

Amplification Factor............ .. ... ... .. ... 4.8 6.2

Transconductance. ... ............ ... . 11,000 17,000 Micromhos

Heater Current per Tube........... ... ... ... ... ... ... ... ... 2.20 2.60 Amperes
Conditions: Es = 6.3V, E, = 200V, E. =—55V, Ry = 0

Plate Current per Section........ ... ... ... ... . ... .. .. ... .. 0 10 Milliamperes, D.C.
Conditions: Es = 6.3V, E, =60V,E.=0V

Plate Current per Section. .. ............ ... ... . ... ... . ... .. .. 135 — Milliamperes, D.C.

Application Notes

The 5998 is used as a “passing” tube or series regulator in regulated power supplies because of its high trans-
conductance at moderately low plate voltages. To provide the desired output current, many triode sections can be paral-
leled. If tube sections are to be paralleled, however, the designer is strongly urged to use sufficient resistance in each
cathode leg to equalize current division among the triode sections. Recommended values for various operating currents
are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance indicated
for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to anode re-
sistance because it provides more bias on the sections taking greater plate current. A cathode resistor need be only one
sixth the value <u—§_—l—) of a plate resistor, and therefore will dissipate only one sixth the power. In any case, the only
losses incurred in using a resistor is the insertion loss of the resistor itself (less than one watt) and the additional voltage
(less than 10 volts) necessary from the unregulated supply. A cathode resistor adds a small additional loss by causing
the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially necessary
in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated in the
simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little IR drop
across the resistor, and the grid of the passing tube is effectively, tied to the plate. The plate will attempt to draw excessive
current from the passing tube’s cathode which may seriously impair tube life. The circuit in Figure 2 is preferable from
the consideration of the safety of the passing tube both during warmup and in the event of trouble in the amplifier circuit
or if the amplifier tube is removed from its socket. It has the additional advantage of providing a constant voltage for the
amplifier circuit. However, if the regulated output is low (below 250 volts) it will be necessary to provide additional
negative voltage for the reference tube circuit. Also, if the regulated output voltage is to be variable, it may be necessary
to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin of at
least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. Sufficient bias ex-
cursion should be allowed for overcoming ripple. The amplifier circuit should be designed to provide enough grid swing
to counteract the effect of unbalance due to tube aging.

A grid resistor should be used for each triode section. This should be enough to prevent parasitic oscillation but not
large enough to prevent loss of control due to a small amount of “gas™ grid current. A value of grid resistance that
meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 6.3 volts as measured on
the tube pins. When connecting many high drain tube heaters across a single transformer, bus bars feeding from “alter-

nate ends” (Figure 3) should be used with a stranded pair feeding individual sockets.
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SHIELD GRID THYRATRON

DESCRIPTION — The 6012 is a negative control, xenon filled, four electrode
thyratron designed for use in relay and grid-controlled rectifier applications.
One type 6012 will carry 0.5 ampere in motor-control and in inverter service.

Use of the shield-grid type of construction permits a very low preconduction
control grid current to flow. This permits the use of a high resistance in the
control grid circuit. The grid control characteristic is independent of ambient
temperature over the range from —75 to + 90 degrees Centigrade due to the
tube’s inert gas filling. The 6012 mounts in a standard octal socket.

ELECTRICAL DATA

Heater Voltage ........... ... ..o, 6.3 == 10% Volts
Heater Current (E; = 6.3 Volts)......................... 2.6 Amperes
Minimum Cathode Heating Time........................ 30 Seconds
Interelectrode Capacitances — Approximate
Anode to Control Grid..................ccooiiiii.n. 0.65 Micromicrofarads
Control Grid to Cathode (and Shield Grid).............. 6.5 Micromicrofarads
Anode to Cathode (and Shield Grid)................... 4.5 Micromicrofarads
Anode Voltage Drop — Approximate..................... 12 Volts
Maximum Critical Grid Current (at Epp — 460 Volts RMS
and Ib = 0.5 Ampere)............oiiiiiiii 3 Microamperes

lonization Time — Approximate

Anode Volts — 100, Anode Current — 5 Amperes, Shield

Grid Volts = 0, Control Grid = —+ 50 Volt Square Wave

PUISE . 0.5 Microseconds
Deionization Time — Approximate — Note 1

Anode Volts — 125, Anode Current — 0.5 Amperes, Shield

Grid Resistor = 1000 Ohms, Control Grid Volts = —13,

Control Grid Resistor — 1000 Ohms................... 175 Microseconds

Anode Volts — 125, Anode Current = 0.5 Amperes, Shield

Grid Resistor — 1000 Ohms, Control Grid Volts =

—100, Control Grid Resistor — 1000 Ohms........... 100 Microseconds

Note 1. Connect shield grid to cathode through series resistor.

MECHANICAL DATA

Mounting Position ......... ... ... ...l Any

BUID. ccusmvvmsnmahimnsimssmn s me s s & s 5w € adst 8 908 5 18 €505 7 610 T12

Base ... Large-Wafer Octal 6-pin
with External Barrier

Maximum Net Weight. ... ... ... ... ................. 2.5 Ounces

6012 TYUNG-SOL &
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RATINGS, ABSOLUTE VALUES
(FOR ANODE-SUPPLY FREQUENCY OF 60 CPS)

Maximum Peak Anode Voltage

Forward ........... .. 650 Volts

IVEISE e 1300 Volts
Maximum Cathode Current

Peak ......... 5 Amperes

Average—Note 1 ... ... ... . ... ... .. 0.5 Ampere

Surge — Maximum Duration 0.1 Second — Note 2....... 20 Amperes
Maximum Negative Control Grid Voltage

Before Conduction ................. ... ... ... ..... 200 Volts

During Conduction —Note 1......................... 10 Volts
Maximum Positive Control Grid Current

Average —Note 1 ........... ... ... ... ... ...... 0.05 Ampere

Maximum Negative Shield Grid Voltage
Before Conduction ............. ... ... ... . ... ...... 100 Volts
During Conduction —Note 1........................ 10 Volts

Maximum Positive Shield Grid Current— Note 1.......... 0.05 Ampere
Maximum Heater — Cathode Voltage
Heater Negative .............. ... ... ............. 100 Volts
Heater Positive ................ ... ... ... ........ 25 Volts
Maximum Control Grid Circuit Resistance................ 2 Megohms

Notes 1. Averaged over any interval of 30 seconds maximum.

2. The equipment designer should limit the short circuit current to 20 amperes circuitwise.
It should be understood that while the tube may stand several faults at this magnitude
of current, each fault will adversely affect tube life.
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Critical conduction area is shown for two values of grid resistor, 0.1 megohm and 2 megohms, and
zero voltage applied to grid No. 2. Allowance is made for initial differences between individual
tubes and variations during tube life for a range of heater voltage from 5.7 to 6.9 volts.
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Rugged, Reliable Twin Power Triode

DESCRIPTION The 6080WA is a rugged version of the popular
6080, manufactured under the reliable tube program. In this program, tubes
are handled in lots with many destructive tests performed on randomly se-
lected samples. Thus a tube may pass all required tests and still be rejected
if it is from an unsatisfactory lot.

With the mount shock isolated from the bulb by nine metal spring clips,
and by the use of heavy duty parts, the tube will withstand a shock impulse
of 450 G and vibration at 50 cps (D = .08”). Additional features are higher
altitude and higher bulb temperature limits, and longer life tests with many
more life test end points than on the prototype. Plate current and trancon-
ductance are held to closer limits to provide greater balance between tube
sections. This is especially advantageous when many tube sections are to be

used in parallel.
This tube can be used in any application requiring high plate current at
low plate voltages. It has found wide use in electronically regulated power

supplies.

ELECTRICAL DATA MECHANICAL DATA

Heater Voltage..................... 6.3 &+ 59 volts Mounting Position.................. Any
Heater Current (E;=6.3 volts)....... 2.5 amperes (If tube is to be mounted in a hori-
Minimum Cathode Heating Time. . ... 30 seconds zontal position it is recommended
Trans.c.ond_uctance (per section).. .. .. 7000 umhos }Hgt Ltege §2°lé?ttﬁgrsgitrgi§|§higa§?
Amplification Factor................ 2.0 directly down)
Inter Electrode Capacities per Triode Section Bulb. T-12
Grid to Cathode.................. 6.2 uuf Base. ... Large wafer octal with metal
GridtoPlate. ................... 8.4 uuf sleeve, 8 pin, JETC# B8-86
Cathode toPlate................. 2.2 uuf Maximum Net Weight. . ............ 3. ounces
Heater to Cathode................ 6.3 uuf Maximum Shock Rating (Navy Hi
Inter Electrode Capacities Between Triode Sections Impact Shock Machine)........... 450 G
Section 1 Grid to Section 2 Grid.... 0.5 uuf Maximum Vibration Rating
Section 1 Plate to Section 2 Plate.. 2.2 uuf (D-.08"@50¢Cps)............... 10G

RATINGS, ABSOLUTE VALUES

Minimum Maximum

Heater Voltage. .. ... ... oo 6.0 6.6 volts
Plate VOIRAEE. . ..o ..cien s sama s nimsss srouwgane gosm e s mmnsaamme s o s et 250. volts d. c.
Grid Voltage. ... . ... o o - 0 volts d. c.
Heater-Cathode Voltage. ...t —300 4300 volts d. c.
Grid Curremt per Grid.............. i — 5. milliamperes
Plate Currentper Plate. ........ ... .. .. ..., — 125. ma d. c.

(I several tube sections are to be used in parallel with each

other, it is recommended not to exceed 100 mA per plate)
Power Dissipation per Plate. ...................... .. ... — 13 watts
Envelope Temperature............ ... ... i - 230 °C.
Altitude for Full Ratings. ....... . ... ... ... .. ... — 60,000 feet
Circuit Values

Grid Circuit Resistance for Cathode Bias Operation.............. — 1.0 megohm

Grid Circuit Resistance for Fixed Bias or Combination Fixed and

Cathode Bias Operation..... .. .. .. ... .. ... .. ... ... ... ... — 0.1 megohm

e i

TYPE
6080WA

TYPE 7105

is similar in all respects to the
6080WA but employs a 12.6 volt,
1.25 ampere heater. Heater current
range at 12.6 volts is 1.15 to 1.35
amperes. Heater voltage limits are
12.0 to 13.2 volts.
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ADDITIONAL TESTS TO INSURE RELIABILITY

Randomly Selected Samples Are Subjected to the Following Tests.

Shock: 30° Hammer angle in Navy, Flyweight, High Impact Machine Stability Life Test (1 hr.) End Point:
(450 G/msec) Change in Transconductance from Initial Value............ 109 max.
Fatigue: 25 cps, 0.08” Total displacement, for 32 hours in each of three Survival Rate Life Test (100 hrs.) End Point:
mutually perpendicular planes (2.5 G) Transconductance. ..................... 5800 umhos min.
Post Shock and Fatigue Limits: ) Intermittent Life Test (1000 hrs.) End Points:
Vibration (R, = 2000 @, E. = —7vdc, Tie 1k to 2k, 1g to 2g, 1p to 2p), Grid Current. ......................... 0 min. —10 max. uAdc
Generated Plate Voltage......... 100 mVac max. Transconductance. ... .................. 5500 umhos min.
Heater-Cathode Leakage (Enx==100 Vdc). 50 uAdc max. Change in Transconductance by reducing
Change in Transconductance from Initial Bet0 5.00ee o v v pomcis v gm0 1095 max.
Value......................... 109 max. Heater-Cathode Leakage Eyx ==100 Vdc.. 25 uAdc max.
Grid Current........................... —3 uA max. Heater Current..................... ... 2.35 min. 2.75 max. Amperes
Heater Cycling Life Test (E¢=7.5v, Eyi= 300 Vdc. Duration of 2000 Insulation of Electrodes: Grid to all others
cyclesof 1 min. onand 1 min. off). . End Point (Ej==-100v.), 50 uAdc max. and Plate to all others. .. ... ... 100 Megohm min.

RANGE OF VALUES

Conditions: E; =63V, E, =135V, Individual Plate Current. ... ....... ... ... .. 100 150 Milliamperes d. c.
E. =0, Re/k =250 €. Lot Average Plate Current (same conditions)... 115 135 Milliamperes d. c.
Both sections operating. Plate Current, Difference between Sections. ... — 25 Milliamperes d. c.
Each section read separately. Individual Section Transconductance.......... 6000 8200 Micromhos
Lot Average Transconductance. .............. 6600 7400 Micromhos
Amplification Factor.............. . ... ...... 1.5 25
Heater Current@6.3v.................... .. 2.35 2.65 Amperes

Application Notes

The 6080WA is widely used as a “passing” tube or series regulator tube in controlled power supplies because of
its high transconductance at relatively low plate voltages. To provide the desired output current, many triode sections
can be paralleled. If tube sections are to be paralleled however, the designer is strongly urged to use sufficient resistance
in each cathode leg to equalize current division among the triode sections. Recommended values for various operating
currents are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance
indicated for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to
anode resistance because it helps to provide increasing bias on the sections taking greater plate current. A cathode
resistor too, need be only one third the value (?%1—) of a plate resistor, and therefore will dissipate only one third
the power. In any case, the only losses incurred in using a resistor is the insertion loss of the resistor itself (less than
one watt) and the additional voltage (less than 10 volts) necessary from the unregulated supply. A cathode resistor adds
a small additional loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially necessary
in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated in the
simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little IR drop
across the resistor, and the grid of the passing tube is effectively tied to the plate. This will attempt to draw excessive
current from the passing tube’s cathode and may seriously impair tube life. The circuit in Figure 2 is preferable from
the consideration of the safety of the passing tube both during warmup and in the event of trouble in the amplifier
circuit or if the amplifier tube is removed from its socket. It has the additional advantage of providing a constant voltage
for the amplifier circuit. However, if the regulated output is low (below 250 volts) it will be' necessary to provide
additional negative voltage for the reference tube circuit. Also, if the regulated output voltage is‘to be variable, it may
be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin of
at least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. If the cathode
resistors as suggested on the plate characteristic curve are used, a minimum bias of 7.5 volts will be provided. Sufficient
bias excursion should be allowed for overcoming ripple. The amplifier circuit should be able to swing the passing tube
grid far enough to counteract the effect of unbalance due to tube ageing.

A grid resistor should be used for each triode section. This should be high enough to prevent parasitic oscillation
but not large enough to prevent loss of control due to a small amount of “gas™ grid current. A value of grid resistance
that meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 6.3 volts as measured
on the tube pins. When connecting many high drain tube heaters across a single transformer, bus bars feeding from
“alternate ends” (Figure 3) should be used with a stranded pair feeding individual sockets.




6080WA

TUNG-SOL / CHATHAM

T Ay
E
S |8

FIGURE 1 FIGURE 2 FIGURE 3

l Q0 QMAM,QJ

PLATE CHARACTERISTICS FOR EACH TRIODE SECTION

Plate Characteristics for Ei = 6.3 Volts
Each Triode Section Heavy horizontal lines show
various ranges of operation
150 for series regulator service.

Resistance values given are
cathode resistance per leg,
when triode sections are to
be operated in parallel.

Il
o
~2
\

PLATE CURRENT (in Milliamperes per Section)

125
100 RK =75Q
73

| / /& E W, )

. R = 1000 \SSIP“’/O
N
S
/ Rg = 150 Q ./ Min. / /
50
/ = /
/ /

25

/

/ / / /\‘& /\b‘%

0 25 50 75 100 125 150 175 200 225 250
PLATE VOLTAGE (Volts DC)




6080WA
TUNG-SOL / CHATHAM

TRANSFER CHARACTERISTICS FOR EACH TRIODE SECTION
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TWIN POWER TRIODE FOR
SERIES REGULATOR SERVICE

DESCRIPTION — The 6336 is a twin power triode developed especially for use as a
passing tube in series regulated power supplies. For this service, a tube must be able to
pass large currents over a wide voltage range and still exhibit a low intrinsic voltage
drop when operated “wide open”. The 6336 adequately meets these requirements.

In many circuits, one 6336 has replaced two or three tube type 6080WA or 6AS7G
regulator tubes. For even higher levels of current or power, many 6336 tube sections
can be paralleled as explained in the application notes,

ELECTRICAL DATA MECHANICAL DATA

Heater Voltage................. ... .. 6.3 4109 volts ~ Mounting Position.................... ... Any
Heater Current (E; =6.3 volts)........ 5.0 amperes (If tube is to be mounted in a horizon-
Minimum Cathode Heating Time. ... .. 30 seconds tal poiltlljon lttlg rtefi%mmbendeld thlz:t it ge
: mounted so that the base lug key be
Trangcpnd_uctance (per section) . ... ... 13,500 umhos either directly up or directly down)
ll\TpllleIIt:attlondFagtor. t """ Td S 2t7 Bulb.... ... . TT 16 Nonex
nter Electrode Capacities per Triode Section ;
Grid to Cathode. .................. 137 uuf BRSB « owis  5ai 12 54 Largermfitar ostal with meta)
Grid to Plate...................... 15.8 uuf . Al
Cathode to Plate. . .......... ... 5.0 uuf Average Net Weight. ................ ... 3.5 ounces
Heater to Cathode................. 15.0 uuf Maximum Shock Rating (Navy ‘Hi Impact
Inter Electrode Capacities Between Triode Sections ~ Shock Machine)........................ 450 G
Section 1 Plate to Section 2 Plate. . ... 1.8 uuf Maximum Vibration Rating
(D=.08"@25¢CPS).......oovvein. 25G

RATINGS, ABSOLUTE VALUES

Minimdm Maximum
Power Dissipation per Tube. ... ... ... ... ... ... ... .. . ... ... — 60 watts
Power Dissipation per Plate.......... ... .. ... ... . ... . ... ... ... ... — 30 watts

Plate Current per Plate. ....... ... . ... .. ... .. .. . . — 400 ma d.c.

If tube voltage drop is to be swung more than 6 volts, this
current cannot be realized. See Plate Characteristics Curve

Plate Voltage. ....... ... ... . . . . . 0 400 volts d. c.
Heater-Cathode Voltage............. ... ... ... ... . ... ... ... ... ... —300 ~+300 volts d. c.
Grid Voltage. .. ... ... —300 0 volts d. c.
Grid Current per Grid....... ... ... .. ... . . — 0 milliamperes
Heater Voltage........ ... ... . . . . 5.7 6.9 volts
Envelope Temperature......... ... .. ... . .. . . .. — 250 °C.
Altitude for Full Ratings. . ....... ... .. ... . . . . . — 10,000 feet

If cooling is provided to keep bulb temperature within

ratings, altitude rating can be extended to 60,000 feet
Circuit Values

Total Grid Circuit Resistance. .. ... ... ... ... ... ... ... ... ... ... . 500 500,000 ohms

Resistance per grid leg when triode sections are paralleled..................... .. 500 — ohms

Cathode Resistance: Minimum cathode resistance per cathode leg shall be 27 ohms or that resistance necessary to
provide 10% of the grid bias voltage, whichever is greater.

RANGE OF VALUES

Amplification Factor. ... ... 2.0 34

E; = O,Ry/k = 200 @, R/ = 500 Q Transconductance. .. ... ... 11,000 16000 Micromhos
Both sections operating. Readings taken after  Heater Current per tube....  4.75 5.25 Amperes

5 minutes power preheating. Each section read Conditions: E¢ = 6.3V, E, = 200V

separately. Bl — lbOV,Rk —0

Plate Current per Section..165 —200 Milliamperes, d. c.

Conditions: E; = 6.3V,E, = 190V

Plate Current per section... 0 10 Milliamperes d. c.

pr - —— — - —— — e - —
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Application Notes

The 6336 is widely used as a “passing” tube or series regulator in controlled power supplies because of its high
transconductance at relatively low plate voltages. To provide the desired output current, many triode sections can be
paralleled. If tube sections are to be paralleled, however, the designer is strongly urged to use sufficient resistance in
each cathode leg to equalize current division among the triode sections. Recommended values for various operating
currents are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance
indicated for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to
anode resistance because it provides more bias on the sections taking greater plate current. A cathode resistor need
be only one fourth the value (u%:l) of a plate resistor, and therefore will dissipate only one fourth the power. In
any case, the only losses incurred in using a resistor is the insertion loss of the resistor itself (about two watts) and
the additional voltage (less than 10 volts) necessary from the unregulated supply. A cathode resistor adds a small addi-
tional loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially neces-
sary in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated
in the simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little
IR drop across the resistor, and the grid of the passing tube is effectively, tied to the plate. The plate will attempt
to draw excessive current from the passing tube’s cathode and may seriously impair tube life. The circuit in Figure 2
is preferable from the consideration of the safety of the passing tube both during warmup and in the event of trouble
in the amplifier circuit or if the amplifier tube is removed from its socket. It has the additional advantage of providing
a constant voltage for the amplifier circuit. However, if the regulator output is low (below 250 volts) it will be neces-
sary to provide additional negative voltage for the reference tube circuit. Also, if the regulated output voltage is to be
variable, it may be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin
of at least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. Sufficient bias
excursion should be allowed for overcoming ripple. The amplifier circuit should be able to counteract the effect of
unbalance due to tube ageing.

A grid resistor should be used for each triode section. This should be enough to prevent parasitic oscillation but
not large enough to prevent loss of control due to a small amount of “gas” grid current. A value of grid resistance
that meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 6.3 volts as
measured on the tube pins. When connecting many high drain tube heaters across a single transformer, bus bars

feeding from “alternate ends” (Figure 3) shouid be used with a stranded pair feeding individual sockets.
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TRANSFER CHARACTERISTICS FOR EACH TRIODE SECTION
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TUNG-SOL /CHATHAM

TWIN POWER TRIODE FOR
SERIES REGULATOR SERVICE

DESCRIPTION — The 6336A is a long life, mechanically rugged, twin power triode
developed especially for use as a passing tube in series regulated power supplies.
+ For this service, a tube must be able to pass large currents over a wide voltage range
and still exhibit a low intrinsic voltage drop when operated “wide open”. The 6336A
adequately meets these requirements.

The design features zirconium coated graphite anodes that, while lighter in weight
than similar metal anodes, remain warp free during life and provide one of the best
gas “‘gettering” means known. The anodes are supported by ceramic insulators. The
use of these insulators and the hard glass envelope permit the tube to be outgassed at
high temperatures during the manufacturing exhaust process. This allows the tube to
be run at high temperatures during operation, without the evolution of harmful gas
from the tube parts.

Massive cathodes provide adequate emission current reserve. Gold plated molybdenum
wires are employed in the rugged grid structure. The tube mount is built on a rugged
button stem, and is supported from the bulb by means of flexible metal vibration
snubbers.

In many circuits, one 6336A has replaced two or three type 6080WA or 6AS7G regu-
lator tubes. For even higher levels of current or power, many 6336A tube sections can
be paralleled as explained in the application notes.

ELECTRICAL DATA MECHANICAL DATA
Heater Voltage. .. ................... 6.3 +109% volts ~ Mounting Position.................... ... Any

Heater Current (E; =6.3 volts). .. 5.0 amperes (If tube is to be mounted in a horizon-
Minimum Cathode Heating Time. .. ... 30 seconds tal position it is recommended that it be
Transppnd_uctance (per section) .. .. ... 13,500 umhos g?fh"e",tfj?,:&&hﬁé g]redibrzi(te!;udgoxg be
Amplification Factor.............. s 27 Bub. .. TT 16 Nonex
IntGerridEltectrode Capacities per Triode Section BaS. sss o v i v wimin s Large wafer octal with metal
id to Cathode................ .. 16.7 uuf sleeve, 8 pin, JETEC # B3-98
GridtoPlate...................... 218 uuf ! !
Cathode to Plate. . ................ 3.8 uuf Average Net Weight. .................... 3.5 ounces
Heater to Cathode. .. .......... . ... 15.0 uuf Maximum Shock Rating (Navy Hi Impact
Inter Electrode Capacities Between Triode Sections Shock Machine)....................... 7206
Section 1 Plate to Section 2 Plate. .. .. .0.6 uuf Maximum Vibration Rating (10 to 50 cps).... 10 G
(50to 500 cps)... 5G

RATINGS, ABSOLUTE VALUES

Minimum Maximum

Power Dissipation per Plate. ... .. .. ... . . . . ... .. — 30 watts
Plate Current per Plate. . ... ... . . . . . . . . .. — 400 ma d. c.

If tube voltage drop is to be swung more than 6 volts, this

current cannot be realized. See Plate Characteristics Curve
PIate-VOIRAGE. .« coussw v s s s v s 5 5500 5 0 0l 5 u sions 3 o Euoie s ¥ o 58 5 5 momiedd 4 6 60 5 5 < 0 400 volts d. c.
Heater-Cathode Voltage .. .. ... . . .. ... . . . . .. .. .. ... ... .. .. ...............—300 4300 volts d. c.
Grid Voltage. ... ... .. —300 0 volts d. c.
Grid Current per Grid. ... ... ... .. — 0 ma.
Heater Voltage. ... . . . .. .. . 5.7 6.9 volts
Envelope Temperature. ... .. ... . . - 250 “C
Altitude for Full Ratings. ... . . — 10,000 feet

If cooling is provided to keep bulb temperature within

ratings, altitude rating can be extended to 60,000 feet
Circuit Values

Total Grid Circuit Resistance in Regulator Service or with fixed bias (per grid). ... 500 200,000 ohms

Total Grid Circuit Resistance with cathode bias only (per grid). .. - 500 500,000 ohms

Resistance per grid leg when triode sections are paralleled . . - 500 — ohms

Cathode Resistance: Minimum cathode resistance per cathode leg shall be 27 ohms or that resistance necessary to
provide 109 of the grid bias voltage, whichever is greater.

pe - - — — - — — - o - -

TYPE
6336A

TYPE 6394A

is similar in all respects to the
6336A but employs a 26.5 volt,
1.30 ampere heater. Heater current
range at 26.5 volts is 1.20 to 1.40
amperes. Heater voltage limits are
24.0 to 29.0 volts.
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6336A
TUNG-SOL / CHATHAM

ADDITIONAL TESTS TO INSURE RELIABILITY RANGE OF VALUES

Randomly Selected Samples are Subjected to the Following Tests Conditions: E; = 6.3V,E, = 190V

Ec= ORx/x= 2002, R,/, = 500 Q@

Both sections operating. Readings taken after
5 minutes power preheating. Each section read

. Shock: 48° Hammer Angle in Navy, Flyweight,
High Impact Machine (720 G/msec)

Life Test: 1000 hours under plate current test conditions separately. N
Plate Current per Section.. ... ... .. 165 200 Milliamperes, d. c.
. S Amplification Factor. ... .. ... .. ... 2.0 34
Higstishosk wad il TestEnd Painis: Transconductance. .. .............. 11,000 16000 Micromhos
Plate Current. . .......... ... ... ... .. ......... 150 mA min. Heater Current per tube ........ ... 4.75 5.25 Amperes
Transconductance per section................... 9,000 umho min. Conditions: E; = 6.3V, Ey= 200V
HK Leakage................................... 100 uA max. E.= —100V,R, = 0
Grid Current. . ........... .. ...l —8 uA max. Plate Current per section...... ... .. 0 10 Milliamperes

Application Notes

The 6336A is widely used as a “passing” tube or series regulator in controlled power supplies because of its high
transconductance at relatively low plate voltages. To provide the desired output current, many triode sections can be
paralleled. If tube sections are to be paralleled, however, the designer is strongly urged to use sufficient resistance in
each cathode leg to equalize current division among the triode sections. Recommended values for various operating
currents are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance
indicated for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to
anode resistance because it provides more bias on the sections taking greater plate current. A cathode resistor need
%) of a plate resistor, and therefore will dissipate only one fourth the power. In
any case, the only losses incurred in using a resistor is the insertion loss of the resistor itself (about two watts) and

be only one fourth the value (—

the additional voltage (less than 10 volts) necessary from the unregulated supply. A cathode resistor adds a small addi-
tional loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially neces-
sary in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated
in the simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little
IR drop across the resistor, and the grid of the passing tube is effectively, tied to the plate. The plate will attempt
to draw excessive current from the passing tube’s cathode and may seriously impair tube life. The circuit in Figure 2
is preferable from the consideration of the safety of the passing tube both during warmup and in the event of trouble
in the amplifier circuit or if the amplifier tube is removed from its socket. It has the additional advantage of providing
a constant voltage for the amplifier circuit. However, if the regulator output is low (below 250 volts) it will be neces-
sary to provide additional negative voltage for the reference tube circuit. Also, if the regulated output voltage is to be
variable, it may be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin
of at least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. Sufficient bias
excursion should be allowed for overcoming ripple. The amplifier circuit should be able to counteract the effect of
unbalance due to tube ageing.

A grid resistor should be used for each triode section. This should be enough to prevent parasitic oscillation but
not large enough to prevent loss of control due to a small amount of “gas” grid current. A value of grid resistance
that meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 6.3 volts as
measured on the tube pins. When connecting many high drain tube heaters across a single transformer, bus bars

feeding from “alternate ends” (Figure 3) should be used with a stranded pair feeding individual sockets.
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TRANSFER CHARACTERISTICS FOR EACH TRIODE SECTION
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~ TUNG-SOL / CHATHAM

TWIN POWER TRIODE FOR TYPE
SERIES REGULATOR SERVICE

DESCRIPTION — The 6394A is a long life, mechanically rugged, twin power triode 6394A

developed especially for use as a passing tube in series regulated power supplies.

For this service, a tube must be able to pass large currents over a wide voltage range

and still exhibit a low intrinsic voltage drop when operated “wide open”. Th% 6394A TYPE 6336A
adequately meets these requirements. In addition, its 26.5 volt heater makes it par- is similar in all respects to the 6394A
ticularly suitable for airborne usage. but employs a 6.3 volt, 5 ampere
The design features zirconium coated graphite anodes that, while lighter in weight heater. Heater current range at 6.3
than similar metal anodes, remain warp free during life and provide one of the best volts is 4.75 to 5.25 amperes. Heater
gas “gettering” means known. The anodes are supported by ceramic insulators. The voltage limits are 5.7 to 6.9 volts.

use of these insulators and the hard glass envelope permit the tube to be outgassed at
high temperatures during the manufacturing exhaust process. This allows the tube to
be run at high temperatures during operation, without the evolution of harmful gas
from the tube parts.

Massive cathodes provide adequate emission current reserve. Gold plated molybdenum
wires are employed in the rugged grid structure. The tube mount is built on a rugged
button stem, and is supported from the bulb by means of flexible metal vibration
snubbers,

In many circuits, one 6394A has replaced two or three type 6082 regulator tubes.
For even higher levels of current or power, many 6394A tube sections can be paralleled
as explained in the application notes.

ELECTRICAL DATA MECHANICAL DATA

Heater Voltage. .................... 26.5 +109% volts  Mounting Position.......................... Any

Heater Current (E; =26.5 volts)...... 1.3 amperes (If tube is to be mounted in a horizon-

Minimum Cathode Heating Time. . ... 30 seconds tal position it is recommended that it be

Transconductance (per section). . . ... 13,500 umhos mounted so that the base lug key be

Amplification Factor................ 2.7 either directly up or directly down)

Inter Electrode Capacities per Triode Section Bulb. e st IT 16 Nonex; i
Grid to Cathode. ............... .. 16.7 uuf £ L7 S Large wafer octal with metal §
GridtoPlate..................... 21.8 uuf sleeve, 8 pin, JETEC # B8-98 o
CathodetoPlate. ................ 3.8 uuf Average Net Weight. . .................... 3.5 ounces
Heater to Cathode................ 15.0 uuf Maximum Shock Rating (Navy Hi Impact

Inter Electrode Capacities Between Triode Sections Shock Machine)........................ 720 G i

Section 1 Plate to Section 2 Plate. . .. 0.6 uuf Maximum Vibration Rating (10to 50 cps).... 10 G it &

(50to 500 cps)... 5G 3
RATINGS, ABSOLUTE VALUES i
Minimum Maximum pire §

Power Dissipation per Plate........... ... ... ... .. . ... — 30 watts ”"l”] _?; §

Plate Current per Plate......... ... ... .. .. .. .. . . . . . — 400 ma d. c. 1
If tube voltage drop is to be swung more than 6 volts, this — . —
current cannot be realized. See Plate Characteristics Curve . —

Plate Voltage......... ... oo 0 400 volts d. c.

Heater-Cathode Voltage. . ... —300 +300 volts d. c. GLASS BULB

Grid Voltage. ... —300 0 volts d. c.

Grid Current per Grid. . . ... — 0 ma.

Heater Voltage. . . ........... oo 24.0 29.0 volts

Envelope Temperature. .. ....... ... .. . . . — 250 °C.

Altitude for Full Ratings. ......... ... . .. . . . . . . . . — 10,000 feet
If cooling is provided to keep bulb temperature within
ratings, altitude rating can be extended to 60,000 feet

Circuit Values
Total Grid Circuit Resistance in Regulator Service or with Fixed Bias (per grid)..... 500 200,000 ohms
Total Grid Circuit Resistance with Catliode Bias only (per grid)................... 500 500,000 ohms
Resistance per grid leg when triode sections are paralleled....................... 500 — ohms

Cathode Resistance: Minimum cathode resistance per cathode leg shall be 27 ohms or that resistance necessary to
provide 109 of the grid bias voltage, whichever is greater. KEY

Bottom View
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ADDITIONAL TESTS TO INSURE RELIABILITY RANGE OF VALUES

Randomly Selected Samples are Subjected to the Following Tests Conditions: E; = 26.5V,E, = 190V

E.= 0,Rv/x = 200 2, R/, = 500 @

Both sections operating. Readings taken after
5 minutes power preheating. Each section read

Shock: 48° Hammer Angle in Navy, Flyweight,
High Impact Machine (720 G/msec)

Life Test: 1000 hours under plate current test conditions se.parately. .
Plate Current per Section.......... 165 200 Milliamperes, d. c.
Post ok and Life Tes End Poines: Trasnductons. ... 1010 1600 Wcramhos
Plate Current. .. ... ... .. .. ... ... .. .......... 150 mA min. Heater Current per tube. . ......... 1.2 1.4 Amperes
Transconductance per section...................9,000 umho min. Conditions: E; = 26.5V, Ey = 200V
HK Leakage........ ... ... ... ... ... ... ... 100 uA max. E.= —100VR, = 0
Grid Current. ... ... .. ... ... ... ... ... —8 uA max. Plate Current per section........... 0 10 Milliamperes

Application Notes

The 6394A is widely used as a “passing” tube or series regulator in controlled power supplies because of its high
transconductance at relatively low plate voltages. To provide the desired output current, many triode sections can be
paralleled. If tube sections are to be paralleled, however, the designer is strongly urged to use sufficient resistance in
each cathode leg to equalize current division among the triode sections. Recommended values for various operating
currents are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance
indicated for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to
anode resistance because it provides more bias on the sections taking greater plate current. A cathode resistor need
be only one fourth the value (—u—i—l) of a plate resistor, and therefore will dissipate only one fourth the power. In
any case, the only losses incurred in using a resistor is the insertion loss of the resistor itself (about two watts) and
the additional voltage (less than 10 volts) necessary from the unregulated supply. A cathode resistor adds a small addi-
tional loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially neces-
sary in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated
in the simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little
IR drop across the resistor, and the grid of the passing tube is effectively, tied to the plate. The plate will attempt
to draw excessive current from the passing tube’s cathode and may seriously impair tube life. The circuit in Figure 2
is preferable from the consideration of the safety of the passing tube both during warmup and in the event of trouble
in the amplifier circuit or if the amplifier tube is removed from its socket. It has the additional advantage of providing
a constant voltage for the amplifier circuit. However, if the regulator output is low (below 250 volts) it will be neces-
sary to provide additional negative voltage for the reference tube circuit. Also, if the regulated output voltage is to be
variable, it may be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin
of at least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. Sufficient bias
excursion should be allowed for overcoming ripple. The amplifier circuit should be able to counteract the effect of
unbalance due to tube ageing.

A grid resistor should be used for each triode section. This should be enough to prevent parasitic oscillation but
not large enough to prevent loss of control due to a small amount of “gas” grid current. A value of grid resistance
that meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 26.5 volts as
measured on the tube pins. When connecting many high drain tube heaters across a single transformer, bus bars

feeding from “alternate ends” (Figure 3) should be used with a stranded pair feeding individual sockets.
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TRANSFER CHARACTERISTICS FOR EACH TRIODE SECTION
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MEDIUM MU TWIN POWER TRIODE
FOR SERIES REGULATOR SERVICE TYPE

DESCRIPTION ———— The 6528 is a long life, mechanically rugged, twin power triode 6528

developed especially for use as a passing tube in series regulated power supplies. For t'hi's
service, a tube must be able to pass large currents over a wide voltage range and still exhibit
a low intrinsic voltage drop when operated “wide open.” The 6528 not only meets th.ese
requirements but possesses the additional advantage of requiring little grid voltage swing
to control these currents. This permits the use of simpler control amplifier circuits in the
regulated supply.

The design features zirconium coated graphite anodes that, while lighter in weight than
similar metal anodes, remain warp free during life and provide one of the best gas “gettering”
means known. The anodes are supported by ceramic insulators. The use of these insulators
and the hard glass envelope permit the tube to be outgassed at high temperatures during _the
manufacturing exhaust process. This allows the tube to be run at high temperatures during
operation, without the evolution of harmful gas from the tube parts.

Massive cathodes provide adequate emission current reserve. Gold plated molybdenum
wires are employed in the rugged grid structure. The tube mount is built on a rugged button
stem, and is supported from the bulb by means of flexible metal vibration snubbers.

In Regulator circuits one 6528 will replace two or three type 6080 WA or three or four
beam power tubes. For even higher levels of current or power, many 6528 tube sections
can be paralleled as explained in the application notes.

ELECTRICAL DATA

Heater Voltage. . ..................... 6.3 109 volts Inter Electrode Capacities per Triode Section

Heater Current (E; = 6.3 volts)........ 5.0 amperes Grid to Cathode. ................... 17.8 uuf

Minimum Cathode Heating Time. .. .. .. 30 seconds GridtoPlate....................... 23.8 uuf _
Transconductance (per section)........ 37,000 umhos Cathode toPlate. .................. 2.9 uuf

Amplification Factor.................. 9.0 Heater to Cathode.................. 15.0 uuf ——

Plate Resistance. . ................. .. 245 ohms Inter Electrode Capacities Between Triode Sections

Section 1 Plate to Section 2 Plate. ... 0.6 uuf

2.070" MAX - EH
MECHANICAL DATA g
Mounting Position. . ......... ... . ... Any Average Net Weight. .. .......... .. ... 3.5 ounces
(If tube is to be mounted in a hori- Maximum Shock Rating (Navy Hi Impact
zontal position it is recommended that Shock Machine).................... 720 G AL X
it be mounted so that the base lug key Maximum Vibration Rating ~ g
be either directly up or directly down) (10t050 €PS). ..o 10 G T 8
Bulb.......o. e TT 16 Nonex (50 to 500 cps). ... 56 IR E
Base..................... Large wafer octal with metal —
sleeve, 8 pin, JETC # B8-86 b= T Wk ==
fm——1.700"" MAX..
RATINGS, ABSOLUTE VALUES GLASS BULB
Min. Max.
Power Dissipation per Plate. . ........ ... .. .. .. . ... .. ... — 30 watts
Plate Current per Plate......... ... ... ... . . . . . . . . . el — 300 milliamperes d. c.
If tube voltage drop is to be swung more than 6 volts, this current cannot be
realized. See Plate Characteristics Curve.
Plate Voltage.. ... ... ... .. .. . 0 400 volts d. c.
Heater-Cathode Voltage............... ... ... . i, —300 4300 voltsd.c.
GO VOIRAZE . s i s 5 55000 5 5 simss & 5 089 5 ¥ 59008 4 bonun o » 5,68 5610 5 7 SR 5 3 26 5 6 5 —300 0 voltsd.c.
Grid Current per Grid............. .. ... . ... . — 0  milliamperes
Heater Voltage...... ... ... .. .. .. . . . . 5.7 6.9 volts
Envelope Temperature.............. .. .. . . . . — 250 °C.
Altitude for Full Ratings. . ... ... ... ... . .. .. .. — 10,000 feet

If cooling is provided to keep bulb temperature within ratings, altitude rating can
be extended to 60,000 feet.
Circuit Values
Total Grid Circuit Resistance in Regulator Service or with fixed bias........... 500 50,000 ohms

Total Grid Circuit Resistance with cathode biasonly................... .. 500 500,000 ohms Bottom View
Resistance per grid leg when triode sections are paralleled............... 500 — ohms L Waf
Cathode Resistance: Minimum cathode resistance per cathode leg shall be 10 ohms or that resistance necessary to arge Wafer Octal

provide 109 of the grid bias voltage, whichever is greater. with Metal Sleeve




6528
TUNG-SOL / CHATHAM

Additional Tests to Insure Reliability Range of Values
. . Conditions: E; = 6.3V, E, = 100V
Randomly Selected Samples are Subjected to the Following Tests Ei=—4, R,,/,, = 500 Q
Shock: 48° Hammer Angle in Navy, Flyweight, goth sections operat&ng Regdlngs t?IEen afstegr
i : min. preheating under conditions of E; =
High Impact Machine (720 /Gmsec) Eyp = 190V, E. = 0, R, = 200 ohms. Fach
Life Test: 1000 hours under plate current test conditions (R./, =.05 Meg. section read separately .
P e (R’ ¢ Plate Current per Section..... ... 140 230 Milliamperes, d.c.
Post Shock and Life Test End Points: Amplification Factor............. 7.0 110
Plate Current. . o o o oo 130 mA min. Transconductance. .. ... .. ... .. 29,000 45,000 Micromhos
Transconductance per sectlon .. .......23,500 umho min. Heater Current per tube... ... .. .. 4.75 5.25 Amperes
Conditions: E, = 6.3V, E, = 400 V
HK Leakage....................... .. ... ... .. 100 uA max. E,= —75 V, R, =0
Grid Current per Section........... ... . .....—4uA max Plate Current per section. ... ... . 0 3 Milliamperes

Application Notes

The 6528 is admirably suitable for use as a “passing” tube or series regulator in electroni-
cally controlled power supplies because of its ability to pass large currents and to easily
control them. To provide the desired output current, many triode sections can be paralleled. If
tube sections are to be paralleled, however, the designer is strongly urged to use sufficient
resistance in each cathode leg to equalize current division among the triode sections. Recom-
mended values for various operating currents are shown on the plate characteristics curve. If
the output current of the supply is not fixed, use the resistance indicated for the lowest current
that approaches the maximum plate dissipation line. Cathode resistance is superior to anode
resistance because it provides more bias on the sections taking greater plate current. A cathode
resistor need be only one tenth the value (— %) of a plate resistor, and therefore will
dissipate only one tenth the power. In any case, the only losses incurred in using a resistor is
the insertion loss of the resistor itself (less than one watt) and the additional voltage (less than
6 volts) necessary from the unregulated supply. A cathode resistor adds a small additional
loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied.
This is especially necessary in circuits where the amplifier tube plate resistor is returned to
the plate side of the passing tube, as illustrated in the simplified circuit in Figure 1. In this
case during warmup the amplifier tube draws little current, there is little IR drop across the
resistor, and the grid of the passing tube is effectively, tied to the plate. The plate will attempt
to draw excessive current from the passing tube’s cathode which may seriously impair tube
life. The circuit in Figure 2 is preferable from the consideration of the safety of the passing
tube both during warmup and in the event of trouble in the amplifier circuit or if the amplifier
tube is removed from its socket. It has the additional advantage of providing a constant
voltage for the amplifier circuit. However, if the regulated output is low (below 250 volts) it
will be necessary to provide additional negative voltage for the reference tube circuit. Also,
if the regulated output voltage is to be variable, it may be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as
possible. A safety margin of at least 5 volts from the zero bias line should be allowed however,
for variations of individual tubes. Sufficient bias excursion should be allowed for overcoming
ripple. The amplifier circuit should be able to counteract the effect of unbalance due to
tube ageing.

A grid resistor should be used for each triode section. This should be enough to prevent
parasitic oscillation but not large enough to prevent loss of control due to a small amount of
“gas” grid current. A value of grid resistance that meets both these conditions is 1,000 ohms. ;
Heater voltage should be kept as close as possible to 6.3 volts as measured on the tube pins.
When connecting many high drain tube heaters across a single transformer, bus bars feeding
from “alternate ends™ (Figure 3) should be used with a stranded pair feeding individual sockets.
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TRANSFER CHARACTERISTICS FOR EACH TRIODE SECTION
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DESCRIPTION — The 6542 is a two electrode, inert-gas-filled cold
cathode subminiature tube intended for use as a voltage regulator.
The tube has a maintaining voltage of approximately 150 volts over
a current range of 5 to 25 milliamperes. The 6542 is excellent for ap-
plications which require good voltage regulation and long life, con-

sistent with small size and low weight.

ELECTRICAL DATA
Cathode ..o Cold

Mounting Position ......... ... .. . Any

Maximum Overall Length ............... h e R S A R s See Outline

Maximum Diameter .......... ... ... ... ... 0.400”

Weight (Approx.) ..., 0.16 oz.

Bulb .. T3

Base ... Sub-Miniature Flat Press

With 3 Flying Leads

RATINGS, ABSOLUTE VALUES

Maximum D.C. Cathode Current .......................... 25 ma
Minimum D.C. Cathode Current .......................... 5 ma
Maximum Bulb Temperature ............................. 155°C
Minimum Ambient Temperature.......................... —55°C
Maximum Altitude .......... . ... ... .. 60,000 ft.

CIRCUIT VALUES
Maximum Shunt Capacitor ............................... 0.1 uf
Series Resistor ........... ..., See Operation Notes

TYPE
6542

400" (o

Max.

Envelope
o T-3

2.125” Max. —Q }

|-1.5" T

PIN CONNECTIONS

(Bottom View)

(o o o)
K P K
1 3 5

0.016” TINNED FLEXIBLE LEADS
0.096”” CENTER TO CENTER
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Equipment Design and Range Values

Minimum Average Maximum
Volts Volts Volts
D.C. Anode Supply Voltage 185* — —
Anode Breakdown Voltage — 150 180
Tube Voltage Drop 140 147 168
Regulation (5 to 25 ma) — 0.8 6

*In order to assure starting through tube life not less than the specified supply voltage should be provided.

T T T T

149 TYPICAL AVERAGE TUBE VOLTAGE
DROP VS. TUBE CURRENT

148

147

—
<+
N

145

3

TUBE VOLTAGE DROP (VOLTS)

143

142

141

140
0 5 10 15 20 25 30

TUBE CURRENT (MILLIAMPERES)
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Operating Notes

Special attention should be given to the bulb temperature at which the tubes are to
be operated. Reliability will be seriously impaired if the maximum bulb temperature is
exceeded.

In the operation of a glow tube there are several requirements which must always be
met. The first is that the supply voltage must always be greater than the anode breakdown
voltage and the second is that sufficient resistance must always be put in series with the
tube in order to limit the current to the minimum and maximum values given in the ratings.

In order to illustrate how to calculate the value of the series resistance a typical regulator
circuit is shown in Fig. 1.

From Fig. 1 we see that V, is the unregulated supply voltage, V, is the tube voltage
drop on the regulated voltage supplied to the load, R, is the series limiting resistor, Ry, is the
variable load, Iy is the tube current and Ij, is the load current.

We see that the tube current will be a maximum when the supply voltage is a maximum
(V, max.); when the load current is a minimum (I;, min.); and when the tube voltage
drop is a minimum (V, min.). Therefore the conditions which determine the lower limit
for the series resistance R, are that

R V, max. — V, min.

1 Ip max. + 1j, min.
In a like manner it can be shown that the value of R, in order to limit the current to
the minimum value requires that
V, min. — V, max.

R, <

Iy min. + I, max.

When these values have been computed, one should check to see if there is sufficient
starting voltage by the following relation

V. mi Ry, V Starti
, min. m:> tarting
Figure 1
o AAAA A N N
- 7
]\ R, | I
oe
l VI,
O

+ o- f VA MA'A' f o +

REGULATED
VOLTAGE
Vgl’a—gf OF 300VOLTS
SUPPLY 6542 REGULATED (Approx.)
VOLTAGE
OF 150 VOLTS
l (Approx.)
-0 4 & —

Figure 2— OPERATION OF REGULATOR TUBES IN SERIES
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SERIES
+ RESISTOR
e AAAAA J
1
3
TO D-C 6542 ° REGULATED [
VOLTAGE NV VOLTAGE

SUPPLY

Figure 3—TYPICAL CIRCUIT FOR VOLTAGE REGULATOR

When these calculations have been made and there is insufficient starting voltage, a
new load current of lower value must be used and the calculations repeated,

Circuits which have a capacitor in shunt with the 6542 should be limited in value
to 0.1 uf, larger values might cause oscillations.

Operation of the 6542 in parallel is not recommended unless a resistance of approxi-
mately 100 ohms is used in series with each 6542 to equalize division of current. However,
it should be noted that while this enables one to handle more load current it reduces the
regulation that can be obtained.

If it is desired to obtain higher regulating voltages, tubes may be operated in series
as indicated in Fig. 2. However, care should be taken to see that sufficient supply voltage
is available to start both tubes.

5AT4
450-0-450 V.
! Y
IR SHED e
S0 ]
— oy

g
£
Y 8
g 5V.@ 6A. ®
Y >
3 : ;
™
X
63V. @ 6A.
Figure 4 —TYPICAL APPLICATION 47K
OF 6542 USED IN VOLTAGE 6542
REGULATED POWER SUPPLY -
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RELIABLE MINIATURE VOLTAGE REGULATOR

DESCRIPTION — The 6627/0B2WA is a miniature, two electrode, inert-gas-
filled, cold cathode tube for use as a voltage regulator. It maintains practically
constant operating voltage over a current range of 5 to 30 milliamperes. It has
been designed to give extremely small voltage drift throughout life by con-
trolled manufacturing processes. This tube has been specially designed to
maintain stable operating voltages through life, even in applications which
require tubes to operate continuously under environmental conditions which
raise the bulb temperature to a maximum of 150° C.

Over the range of 6 to 10 milliamperes, this tube exhibits reference tube
characteristics. The 6627/0B2WA also has improved characteristics for shock,

vibration, and dark breakdown voltage.

ELECTRICAL DATA
Cathode....... ... .. . .. Cold

Mounting Position........................... Any

Maximum Overall Length. .. ................. 2% inches

Maximum Seated Length..................... 2% inches

Maximum Diameter. . ....................... % inch

Weight (Approx.)............................ 0.3 oz.

Bulb... ..o T-5Y%

Base....... .. ... Small-button Miniature

7-Pin (JETEC EZ-1)

RATINGS, ABSOLUTE VALUES

Maximum D.C. Cathode Current............... 30 ma
Minimum D.C. Cathode Current............... 5ma
Maximum Bulb Temperature................. 150°C
Minimum Ambient Temperature. ............. —55°C
Maximum Altitude. . . ....................... 120,000 ft.
Maximum Inverse Voltage. .................. —50. v.
Shock Impact. . ................ ... .. ... 450 G/ms
Vibration Fatigue............................ 25G

( Circuit Values
Maximum Shunt Capacitor. . ................. 0.1 uf
Series Resistor.............................. See Operation Notes

TUNG-SOL /CHATHAM

TYP»E
6627/
OB2WA

5.
7

|, BULB T-5%

MAX
“ MAX

2%
2%

Jl—UU u

BASE MINI. 7-PIN
(JETEC EZ-1)

PIN CONNECTIONS

(Bottom View)

DO NOT USE
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Additional Tests to Insure Reliability

Randomly Selected Samples are Subjected to the Following Tests.

Shock: 30° Hammer angle in Navy, Flyweight, High Impact Machine (450
G/msec).

Fatigue: 25 cps, 0.08” Total displacement, for 32 hours in each of three mutu-
ally perpendicular planes (2.5 G).

Post Shock and Fatigue Limits:
lonization Voltage. . .......... ... .. ... ... .. ... ... . .. 130 v.d.c. max.
Tube Voltage Drop (5. and 30. mA).......... ... 105to 111 v.d.c.
Regulation (5.t0 30. mA) .. ... ... . ... ... 2.5 v.d.c. max.

Survival Rate Life Test (100 hours) : End Point:
Change in Tube Voltage Drop from Initial Valve.... ... ... 5%

Voltage Repeatability. .. ..... ... ... . ...0.4 v.d.c. max.
Intermittent Life Test: End Points (500 hours):

Change in Tube Voltage Drop from Initial Value. ... ... ... 3% max.

Tube Voltage Drop. . ............................ ... .. 103to 113 v.d.c.

Regulation. .. ... .. .. .. . ... .. ... ... ... 3.0 v.d.c. max.

lonization Voltage. ............. ... ... ... ... . .. . . 130 v.d.c. max.

Voltage Repeatability .............. .. ... ... . 0.4 v.d.c. max.
End Points (1000 hours):

Change in Tube Voltage Drop from Initial Value....... ... 49 max.

Tube Voltage Drop. ... ... ... .. . ... ... ... 103 to 116 v.d.c.

Regulation. ... ... ... ... ... ... .. ... ... .. ... ... 3.0 v.d.c. max.

lonization Voltage. ............... ... . 130 v.d.c. max.

Voltage Repeatability. . ... ......... .. ... .. ... .0.4 v.d.c. max.

TUNG-SOL / CHATHAM

Equipment Design and Range Values

Min. Average Max.

D.C. Anode Supply Voltage in Darkness. . .. 130* — —  volts
D.C. Anode Supply Voltage in Light. . ... ... 130* — —  volts
Anode Breakdown Voltage. ............... — 118 130  volts
Tube Voltage Drop (1) at5. ma...... ... ... 103 107 —  volts
Tube Voltage Drop (2) at 30. ma........... — 108 116  volts
Regulation. ... ......................... — 1.1 25 volts
Voltage Jump** .. ... ... . .. .. ... ... — 0 100  millivolts

Voltage Repeatability***. .. ... ... . . . . — N 0.4 volts
Oscillation (Aural check).................. —

0
Noise. .. ... ... ... ... ... — 0 5.0 millivolts
0

Leakage Current (Eb = 50v, Rp = 3000Q).. — 5.0 microamps

Maximum Shunt Capacitor................ — 0.1 microfarads

Series Resistor. .................. .. ... .. ook —

Maximum Current through Interconnected
leads............... ... . ... .. - = 1.0 ampere

* To assure starting throughout tube life, the supply voltage should not be
less than this value.
** The maximum voltage fluctuation at any current level within the current
range of 6 to 10 milliamperes.
*** Tube is cycled one minute on and one minute off for five cycles. Readings
are taken initially and at the end of each ‘‘on'’ period.
**** Sufficient series resistance must be used to limit the current to a maximum
of 30. ma at the highest anode supply voltage and to limit the current to
a minimum of 5. ma at the lowest anode supply voltage.

112 ’ ’

111 TYPICAL AVERAGE TUBE VOLTAGE
DROP VS. TUBE CURRENT

o

110
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103
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TUBE CURRENT (MILLIAMPERES D.C.)
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Operating Notes

Special attention should be given to the bulb temperature at which the tubes are to be operated. Reliability
will be seriously impaired if the maximum bulb temperature is exceeded. ‘

There are several requirements in the operation of a glow discharge tube, like the 6627/0B2WA, which
must always be met. The first condition is that the supply voltage must always be greater than the anode
breakdown voltage. The second factor to be considered is that sufficient resistance must always be put in
series with the 6627/0B2WA to limit the current to the minimum and maximum values given in the ratings.

A typical regulator circuit is shown in Fig. 1, in order to illustrate the methods used for determining the
correct values for the series limiting resistor, and supply voltage. From Fig. 1 we see that

V1 = vunregulated supply voltage R, I Il
V, = tube voltage drop or regu-
lated voltage supplied to the

load.
R; = series limiting resistor Vi Vv, R2
R, = variable load
It = tube current
l. = load current. Figure 1
Y "
L\;

The current in the 6627/0B2WA will be a maximum when the supply voltage is a maximum, V,; max.;
when the load current is a minimum, Iv min.; and the tube voltage is a minimum, V, min. Therefore the
conditions which determine the lower limit for the series resistance R, are that

V; max. — VYV min.
It max. + v min.

R, >

In a similar manner it can be shown that the value of R,, in order to limit the current to the minimum

value requires that

V; min. — V; max.
It min. + . max.

R: <

With these values computed a check should be made for sufficient starting voltage by the following
relation

R:
V1 min. ——— > V Starting
R, + R
6627/0B2WA l‘
TO D-C REGULATED
VOLTAGE VOLTAGE
SUPPLY OF 258 VOLTS

6626/0A2WA

B, +
] | B-
REGULATED

Figure 2— OPERATION OF REGULATOR TUBES IN SERIES  VOLTAGE
OF 150 VOLTS
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6627/0B2WA
SERIES
+ RESISTOR
TO D-C REGULATED
VOLTAGE VOLTAGE LOAD
SUPPLY

Figure 3—TYPICAL CIRCUIT FOR VOLTAGE REGULATOR

When these calculations have been made and there is insufficient starting voltage, a new load current of
lower value must be used and the calculations repeated.

Circuits which have a capacitor in shunt with the 6627/0B2WA should be limited in value to 0.1 ufd;
larger values may cause the tube to oscillate.

Operation of the 6627/0B2WA in parallel is not recommended unless a resistance of approximately
100 ohms is used in series with each 6627/0B2WA to equalize division of the current. However, it should
be noted that while this type of operation enables one to handle more load current, it reduces the regulation
that can be obtained.

If it is desired to obtain higher regulating voltages, tubes may be operated in series. Care should be
taken to see that sufficient supply voltage is available to start both tubes.

1K
AT4
> 6336 VY
450-0-450 V. \ v D X 47
“ 2 hy. ' —AAMA
% g T ]
i S Y __—*"%X V4v7v \Va 2 4
— AMWA— D
4mfd.ir TR i §150|<
b T 4 ufd
82K § .
€
X | 18
V. @ 6A.
E @ L—-§100K@
Y 33K >
3 X S
. 6AU6 S
X
6.3V. @ 6A.
.01 mfd.
Figure 4—TYPICAL APPLICATION OF 6627/ 47K
6627/0B2WA USED IN VOLTAGE OB2WA
REGULATED POWER SUPPLY -
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SUBMINIATURE VOLTAGE REFERENCE TUBE TYPE
DESCRIPTION — The 7099 is a low current, two element, inert-gas-filled, cold

cathode, voltage regulator tube. The tube covers a range not adequately 7099
handled by other VR tubes or by zener diodes. It has a maintaining voltage
of approximately 155 volts over a current range from 0.075 to 0.300 milli-
amperes.

The 7099 provides a high degree of stability and voltage repeatability
over its operating temperature range. It is especially suited for service in
applications which require long life, and minimum size and weight. Its flying
leads can be soldered directly into a circuit or can be clipped to one-quarter
inch for insertion in a standard subminiature socket.

ELECTRICIAL DATA
Cathode ...ttt Cold

Mounting Position ............... ... ... ... ... % wie o i Any
Length—Overall ...............ccoiiiiiiiiaiaan., See Outline Drawing 0.322" MAX. |€&—>
Diameter ..................... v e AR AIYE RS R WG 0.322 inch max
Weight — Approximate .................. ... ... ..., 0.16-ounce /\
Bulb .. . T2 |
Base ... Flat Press with 2 x
Flying Leads il 3
ANODE 3
LEAD o
RATINGS, ABSOLUTE VALUES \ i
D-C Cathode Current ............cciiiiiiiiiiaan. 0.300 Milliamperes max p.
0.075 Milliamperes min u
Bulb Temperature ........... ... iiiiiiiiiiii 100°C max l 2
Ambient Temperature ........... ... ... il —55°C min 2 E
AItitUde ... ..ot 2. .. 60,000 feet max 3 b
1 RED BLACK
CIRCUIT VALUES l NSBE | ] eAme
Shunt Capacitor ............ ... i 0.1 microfarad max
Series Resistor ....... ... ... ... ...l See Application Notes PIN CONNECTIONS

(Bottom View)

RED BLACK
(ANODE)  (CATHODE)

\

] 2

RED
DOT

Flat Press with
2 Flying Leads
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EQUIPMENT DESIGN AND RANGE VALUES

MINIMUM  BOGEY  MAXIMUM
VOLTS VOLTS VOLTS

D-C Anode Supply Voltage .................... 225* — —
Anode Breakdown Voltage..................... = 180 200
Tube Voltage Drop at 0.075 ma................. 152 155.0 —
Tube Voltage Drop at 0.3 ma................... — 155.5 162
Regulation — 0.075 through 0.150 ma........... — 0.4 2.5
Regulation — 0.150 through 0.300 ma........... — 0.6 4.0
Leakage Current at —100 Volts ............... — — 2 pamp

*In order to assure starting throughout life of tube, not less than the specified supply voltage
should be provided.

0.075 0.150 0.225 0.300 0.375

TUBE CURRENT — MILLIAMPERES

TYPICAL AVERAGE TUBE VOLTAGE DROP VERSUS TUBE CURRENT
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APPLICATIONS AND NOTES

Special attention should be given to the bulb temperature at which the tubes are to be operated. Reliability will be
seriously impaired if the maximum bulb temperature is exceeded.

In the operation of a glow tube there are several requirements which must always be met. The first is that the supply
voltage must always be greater than the anode breakdown voltage and the second is that sufficient resistance must always
be connected in series with the tube in order to limit the current to the minimum and maximum values given in the ratings.

The recommended method for calculating the value of the current-limiting, series resistor is given below.
In figure 1, Egg is the unregulated supply voltage, Ey, is the voltage drop across the regulator tube or the regulated

voltage supplied to the load, R is the series limiting resistor, Ry, is the variable load, I is the regulator tube current and
I, is the load current.

The tube current will be a maximum under three conditions, namely: when the supply voltage is maximum (Egg
max ), when the load current is a minimum (I, min ), and when the tube voltage drop is a minimum (Ej min).
Therefore, the conditions which determine maximum current, or the lower limit for the series resistor, are that
Egg max —E;, min
Iy max Iy, min

R >

Similarly, the value of series resistance required to limit the current to the minimum value requires that

EBB min —EL max
Iy min Iy, max

R <

After computing these above values, a check must be made to make certain that the value chosen for series resistor R
will provide sufficient starting voltage as illustrated in the following relationship:

: R. .
Egg min m >E starting

I
-+ >

FIGURE 1. TYPICAL CIRCUIT FOR VOLTAGE REGULATOR

Should the above calculations show that there is insufficient starting voltage, a lower value of load current must be
used and the calculations repeated.

Where the regulator tube is shunted by a capacitor, the value of such capacitor should be limited to 0.1 microfarad
as a larger value might cause oscillation.

Operation of two tubes in parallel to increase the current rating is not recommended unless a resistance of approxi-
mately 100 ohms is used in series with each tube to equalize the division of current. It should be noted that parallel
operation reduces the regulation that can be obtained.

Higher regulated voltages can be obtained by connecting two tubes in series as shown in figure 2. However, care
should be exercised to make certain that sufficient supply voltage is available to start both tubes. This can be accom-
plished by shunting the lower tube with a high resistance.
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Rugged, Reliable Twin Power Triode

DESCRIPTION — The 7105 is a 12.6 volt version of the popular ruggedized
reliable type 6080WA. In a reliable program, tubes are handled in lots with
many destructive tests performed on randomly selected samples. Thus a tube
may pass all required tests and yet be rejected if it is from an unsatisfactory lot.

With the mount shock isolated from the bulb by nine metal spring clips,
and by the use of heavy duty parts, the tube will withstand a shock impulse
of 450 G and a vibration force of 10 G. Other features are high altitude rating,
high bulb temperature limits, and long life tests with many life test end points.
Plate current and transconductance are held to close limits to provide greater
balance between tube sections. This is especially advantageous when many
tubes are to be paralleled in regulated power supply service.

This tube can be used for any application requiring high plate current at
low plate voltages. The 12.6 volt filament is particularly adaptable to mobile
equipment. Its primary use is in electronically regulated power supplies.

ELECTRICAL DATA MECHANICAL DATA

Heater Voltage. .. ................. 12.6 = 59 volts Mounting Position.................. Any
Heater Current (E;=6.3 volts)....... 1.25 amperes (If tube is to be mounted in a hori-
Minimum Cathode Heating Time. . ... 30 seconds tZ,?nttatl §°S'“°"t'td's ’fﬁ°{"{,?e'})ded
: at it be mounted so that the base
Trans.cpnd_uctance (per section)... ... 7000 umhos lug key be either directly up or
Amplification Factor................ 2.0 directly down)
Inter Electrode Capacities per Triode Section Bulb. ... T-12
Grid to Cathode.................. 6.2 uuf Base................ Large wafer octal with metal
GridtoPlate................... 8.4 uuf sleeve, 8 pin, JETC# B8-86
Cathode to Plate. ................ 2.2 uuf Maximum Net Weight. . ............ 3. ounces
Heater to Cathode................ 6.3 uuf Maximum Shock Rating (Navy Hi
Inter Electrode Capacities Between Triode Sections Impact Shock Machine)........... 450G
Section 1 Grid to Section 2 Grid.... 0.5 uuf Maximum Vibration Rating
Section 1 Plate to Section 2 Plate.. 2.2 uuf (D-.08" @50¢cps)............... 10G
RATINGS, ABSOLUTE VALUES
Minimum Maximum
Heater Voltage. ... ... ... ... ... ... . .. . . .. ... . ............ 120  13.2 volts
Plate Voltage. . . ........ . ... ... . .. . ... — 250. volts d. c.
Grid Voltage. ... ... . . . — 0 volts d. c.
Heater-Cathode Voltage................ ... ... .. .. ... .......... —300 4300 volts d. c.
- 5. milliamperes

Grid Current per Grid............. ... ... . ... ..
Plate Currentper Plate............ ... ... .. ... ... ... ... ......

(If several tube sections are to be used in parallel with each
other, it is recommended not to exceed 100 mA per plate)

— 125. ma d. c.

Power Dissipation per Plate. .. ... .. ... ... ... .. ... ... ... ... — 13 watts
Envelope Temperature............. ... ... ... ... .. ... ... .. — 230 °C.
Altitude for Full Ratings.............................. ... .. ... — 60,000 feet
Circuit Values

Grid Circuit Resistance for Cathode Bias Operation.............. — 1.0 megohm

Grid Circuit Resistance for Fixed Bias or Combination Fixed and

Cathode Bias Operation. ........................... ... ... .. — 0.1 megohm

TYPE
7105

TYPE
6080WA

is similar in all respects to the 7105
but employs a 6.3 volt, 2.5 ampere
heater. Heater current range at 6.3
volts is 2.35 to 2.65 amperes. Heater
voltage limits are 6.0 to 6.6 volts.
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ADDITIONAL TESTS TO INSURE RELIABILITY

Randomly Selected Samples Are Subjected to the Following Tests.

Shock: 30° Hammer angle in Navy, Flyweight, High Impact Machine Stability Life Test (1 hr.) End Point:
(450 G/msec) Change in Transconductance from Initial Value....... ... .. 109 max.
Fatigue: 25 cps, 0.08” Total displacement, for 32 hours in each of three Survival Rate Life Test (100 hrs.) End Point:
mutually perpendicular planes (2.5 G) Transconductance. . .................... 5800 umhos min.
Post Shock and Fatigue Limits: Intermittent Life Test (1000 hrs.) End Points:
Vibration (R, = 2000 ©, E. = —7vdc, Tie 1k to 2k, 1g to 2g, 1p to 2p), Grid Current. .......................... 0 min. — 10 max. uAdc
Generated Plate Voltage. . . .. .. 100 mVac max. Transconductance. . .................... 5500 umhos min.
Heater Cycling Life Test (E;=15v., Eni.=300 Vdc. Duration of 2000 Change in Transconductance by reducing
cycles of 1 min. on and 1 min. off). .End Point (E,x==100v.), 50 uAdc max. Estolldv................... .. 109 max.
Value............ ... ... ... 109 max. Heater-Cathode Leakage Eii. ==-100 Vdc.. 25 uAdc max.
Grid Current........................... —3 uA max Heater Current......................... 1.15 min. 1.35 max. Amperes
Heater Cytling Life Test (E;=150v, En,=300 Vdc. Duration of 2000 Insulation of Electrodes: Grid to all others
cycles of 1 min. on and 1 min. off). . End Point (Ejx==£100v.), 50 uAdc max. and Plate to all others.......... 100 Megohm min.

RANGE OF VALUES

Conditions: E;=12.6V, E, =135V, Individual Plate Current. ... ...... .. ....... 100 150 Milliamperes d. c.
E. =0, Re/x =250 €. Lot Average Plate Current (same conditions)... 115 135 Milliamperes d. c.
Both sections operating. Plate Current, Difference between Sections. ... — 25 Milliamperes d. c.
Each section read separately. Individual Section Transconductance.......... 6000 8200 Micromhos
Lot Average Transconductance. . ... ... ... .. 6600 7400 Micromhos
Amplification Factor...... ... ... .. . ... ... 1.5 25
Heater Current@ 126 v. ................... 1.15 1.35 Amperes

Application Notes

The 7105 is widely used as a “passing” tube or series regulator tube in controlled power supplies because of
its high transconductance at relatively low plate voltages. To provide the desired output current, many triode sections
can be paralleled. If tube sections are to be paralleled however, the designer is strongly urged to use sufficient resistance
in each cathode leg to equalize current division among the triode sections. Recommended values for various operating
currents are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance
indicated for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to
anode resistance because it helps to provide increasing bias on the sections taking greater plate current. A cathode
resistor too, need be only one third the value (%) of a plate resistor, and therefore will dissipate only one third
the power. In any case, the only losses incurred in using a resistor is the insertion loss of the resistor itself (less than
one watt) and the additional voltage (less than 10 volts) necessary from the unregulated supply. A cathode resistor adds
a small additional loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially necessary
in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated in the
simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little IR drop
across the resistor, and the grid of the passing tube is effectively tied to the plate. The plate will attempt to draw excessive
current from the passing tube’s cathode and may seriously impair tube life. The circuit in Figure 2 is preferable from
the consideration of the safety of the passing tube both during warmup and in the event of trouble in the amplifier
circuit or if the amplifier tube is removed from its socket. It has the additional advantage of providing a constant voltage
for the amplifier circuit. However, if the regulated output is low (below 250 volts) it will be necessary to provide
additional negative voltage for the reference tube circuit. Also, if the regulated output voltage is to be variable, it may
be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin of
at least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. If the cathode
resistors as suggested on the plate characteristic curve are used, a minimum bias of 7.5 volts will be provided. Sufficient
bias excursion should be allowed for overcoming ripple. The amplifier circuit should be able to swing the passing tube
grid far enough to counteract the effect of unbalance due to tube ageing.

A grid resistor should be used for each triode section. This should be high enough to prevent parasitic oscillation
but not large enough to prevent loss of control due to a small amount of “gas” grid current. A value of grid resistance
that meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 12.6 volts as measured
on the tube pins. When connecting many high drain tube heaters across a single transformer, bus bars feeding from
“alternate ends” (Figure 3) should be used with a stranded pair feeding individual sockets,
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TRANSFER CHARACTERISTICS FOR EACH TRIODE SECTION
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RUGGEDIZED MINIATURE HYDROGEN THYRATRON

DESCRIPTION — The 7190 is a zero bias miniature hydrogen thyratron designed primarily for
the generation of pulse voltages under extreme conditions of mechanical vibration. This tube
can supply peak pulse power of 10 kilowatts and therefore will replace physically larger
types in many radar applications. Because of its close electrode spacing and small size, made
possible by hard glass construction, the 7190 is capable of relatively high pulse repetition rates.

The 7190, 7191 and 7192 differ only in their electrode terminals. All of these types have
found use in missile applications. The 7190, 7191, and 7192 have been designed into some
equipment under the Chatham developmental designations CH1062, CH1092, and CH1055
respectively.

ELECTRICAL DATA

Symbol Min. Bogey Max.
Heater Voltage............. ... ... ... . . . . . Ef 6.0 6.3 6.6 Volts
(When Ip is less than 0.75 Aac, refer to Recommended
Heater Voltage Curve on page 3)

TYPE
2190

TYPE 7191

This tube type is similar in
all respects to type 7190 except
that the anode connector is a
terminal extending from the top
of the bulb. This permits opera-
tion at high altitudes in un-
pressurized equipment as ex-
plained in the Application Notes.
Dimensions and element connec-
tions are shown on page 4.

Heater Curt;ent .............. ) ............................................. If 1.6 1.8 2.0 Amperes

(With bogie heater voltage
Cathode Heating Time. . .......... ... .. .. . .. . .. i, tk 30 Seconds TY PE 71 92
Anode Voltage Drop (At recommended E¢).....................coooiiiii. etd 45 125 Volts

This tube type is similar in
all respects to type 7190 except
that long flexikle leads are pro-
vided to permit the connection
of the tube directly into a circuit

Type of Cooling . .. .. ... . o Convection without the use of a tube socket.
( (Heat dissipating shields may be used. Forced air cooling is not recommended.) This is discussed in the Applica-

ARtUde. .. See Application Notes tion Notes. Dimensions and ele-

Mounting Position. .......... ... ... Any ment connections are shown on

Maximum Net Weight. ... ... . ... .. 0.5 ounce page 4.

Dimensions: See outline drawings

Maximum Vibration Conditions. ....... ... ... . ... . . . 50-2000 cps @ 15G

Maximum Shock Conditions. .............. .. ... ... . . . . .. 720 G/1 millisec.

(48° Hammer blow in Navy Fly Weight, High Impact Shock Machine)
Microscopic Inspection per MIL-E-17751B (NORD) . .............ooooi i See Application Notes

RATINGS, ABSOLUTE VALUES

Symbol Min. Max.

Peak Anode Voltage

Inverse (Note 1) . . ... o epx — 1200 Volts

L P epy 300 1200 Volts
Cathode Current

o | S ib 20.0 Amperes

AVETAGR. .. .o Ib 50 milliamperes

RMS (For square pulse applications | ,=+/Ib X ib)........................... S 1.0 Ampere
D.C. Anode Voltage. ........ ... ... i Ebb 300 Volts
Heater-Cathode Voltage................. ... .. ... ... ... i Ehk —100 425 Volts
Operating Frequency............. .. ... i prr 5000 cps

(This is not necessarily the upper operating

frequency limit but represents the highest

repetition rate extensively life tested to date.)
Peak Grid Voltage . . . See Recommended Grid Pulse Conditions on page2............ egy 175 500 Volts
Peak Inverse Grid Voltage. . ................... o egx 150 Volts
Heafing Factor (epy x ib x prr. See page 4)..............ooiiiiieeeeiin Pb 1x108
Current Rate of Rise (Note 2). ... . .. ..o i 400 amp/u sec. il
Anode Delay Time (Note 3).............ooo oo e tad 0.6 w sec. Y| \
Time Jitter (Note 4) . . ... ... . tj 0.01 . sec. v
Ambient Temperature. ....... ... ... ... ... TA —60°C +125°C

Note 1. Ir_\ pulsed operation, the peak inverse voltage, exclusive of a spike of 0.05 M sec. maximum dura-
tion, shall not exceed 500 volts during the first 25 4 sec. following the anode pulse.

Note 2: Measurement made between 26% and 70.7% points.

Note 3: Anode delay time is defined as the time interval between the point on the rising portion of the grid
voltage pulse which is 26 percent of the maximum unloaded pulse amplitude and the point where
anode conduction takes place.

Note 4: Time jitter is measured at 50 percent of the pulse amplitude after the tube has been operating for
at least 60 seconds. The limit of 0.01 M sec. shown is the maximum allowable under specified un-
favorable operating conditions. With sufficient grid drive and with anode voltages of 600 volts and
above, jitter not exceeding 0.005 X sec. can be easily achieved.

Outlines and base connec-
tions for these tube types
are to be found on page 4.
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Application Notes

This family of miniature hydrogen thyratrons is designed primarily for use in line type radar modulators. A basic
circuit for such service is illustrated below. In such a circuit, the hydrogen thyratron serves as a switch to release into
the magnetron or other radio frequency generator, the energy stored in the pulse forming network. These tubes are
admirably suited for such service by their ability to hold off relatively high voltage, and to pass high peak current with
relatively low tube voltage drop. The tubes will operate over a wide range of pulse repetition rates, pulse widths and
peak currents, thus providing very flexible circuit elements. Triggering requirements are simplified since the tubes
operate with zero bias.

CHARGING
CHOKE

CHARGING
DIODE

PULSE FORMING
NETWORK

L T ]

HIGH VOLTAGE Si— &
POWER SUPPLY

7190
I ey
TRIGGER PULSE
CIRCUIT TRANSFORMER
MAGNETRON

The small size, light weight, extreme ruggedness, and ability to operate at high ambient temperatures, make these
tubes particularly suitable for airborne use. The tubes can be operated in any position. All tubes are tested in accord-
ance with MIL-E-17751B (N ORD), the military specification for Electron Tubes for Guided Missiles. This entails
100% microscopic inspection with a 10 power binocular microscope for such items as seals, leads and spot welds.
Sample tubes are vibrated with voltages applied over a range of 50 to 2000 to 50 cps at 15g in 4 minutes.

The 7190 and the 7191 fit a standard 7 pin miniature socket. The tube pins, however, are stiff, and care should
be taken to have the socket clips in perfect alignment before attempting to insert a tube. As the tube operates at high
temperatures, a ceramic type socket should be employed. Connections to the socket should be made with flexible leads
to provide floating action for the socket clips. Pin straighteners should never be used on these tube types, as any attempt
to bend the pins will result in cracked button bases!

The anode connection on type 7191 is a soldering terminal brought out the top of the envelope. This design provides
a maximum spacing between the anode lead and the grid and cathode pins to prevent arc-over at reduced air pressures.
The 7191 will operate for short periods at 80,000 feet without forced air cooling. The nominal altitude rating for the
7190 and 7192 is 10,000 feet. However, if provision is made to prevent arc-over between pins, these types also will
operate at 80,000 feet. One method of preventing arc-over between pins is to pot the base end of the tube. If the entire
envelope is to be potted, however, precaution must be taken to keep bulb temperature below 225°C.

Type 7192 is supplied with long, flexible stranded lead connectors that may be crimped or soldered directly in the
circuit. The tube itself can be secured by any suitable mechanical means. One such method is to hold it in position with
a heat dissipating clamp such as the Birtcher 6A3.

Cathode temperature is determined by RMS cathode current as well as by heater power. The bogey heater voltage
of 6.3 volts therefore is applicable only near full operating conditions. At light loading it is recommended to operate
the heater voltage higher. Recommended figures for various operating conditions are shown on the curves on page 3.

Typical Operation

Pulse Peak
Repetistion Hiuoits Cuspont Anode gflﬂisfh Grid Drive
Rate Peak RMS Average Voltage
pPps Amps | Amps AC | mAd.c. Volts I sec L sec volts
5,000 20.0 1.0 50. 1,000 0.5 1.0 250
10,000 6.6 0.5 37. 316 0.56 2.0 250
*33000 | 35 | 046 | 0. 35 | 05 Dlocking | 200

*Limited test information

Recommended Grid Pulse Values

Min. Max.
Peak Voltage 200 500 Volts
Driver Circuit Impedance 200 1000 Ohms
Voltage Rate of Rise 350 : Volts/ u sec.

These values are as measured at the tube socket with the thyratron removed. The grid pulse width should not be
longer than the anode pulse except in cases where the driver circuit impedance is high. The minimum peak trigger voltage

recommended will increase with decreasing trigger pulse width. However, this effect is important only at pulse widths
less than 0.5 microseconds.
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CATHODE HEATER CURRENT IN AMPERES
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TYPE 7190
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RUGGEDIZED MINIATURE HYDROGEN THYRATRON

DESCRIPTION—The 7240 is a zero bias miniature hydrogen thyratron designed primarily
for the generation of pulse voltages under extreme conditions of mechanical vibration.
This tube can supply peak pulse power of 10 kilowatts and therefore will replace physically
larger types in many radar applications. Because of its close electrode spacing and small
size, made possible by hard glass construction, the 7240 is capable of relatively high
repetition rates. In addition its 28 volt heater makes it particularly suitable for use with
airborne and missile power supplies. The 7240 has been designed into some equipment
under the developmental designation CH-1046.

ELECTRICAL DATA

Symbol Min. Bogey Max.

Heater VOItage c:xccvssssonmmmmagsosss s spmmmass #5 55 & 5 35 b Ef 266 28.0 29.4 Volts
(When 1, is less than 0.75 Aac, refer to recommended
Heater Voltage Curve on page 3.)

Heater Current ..ot If 037 0.42 0.46 Amperes
(With bogie heater voltage)

Cathode Heating Time ..........ccoiiiiriiiiii i, tk 30 Seconds

Anode Voltage Drop (At recommended Eo).................coiiiiia... etd 45 125 Volts

MECHANICAL DATA

TYDE OF ICO0NNE s 54 s v 5 s simmmmumnias £33 5 55 6 MACEEERR £ 5 5 5 5 § SEREHEESE LY § § 5 DEVREE Convection
(Heat dissipating shields may be used. Forced air cooling is not recommended.)

ARIUdE . ..o i See Application Notes

Mounting Position .. ...... ..o e e Any

Maximum Net WEIBIE ... oo o ommmmmmmmmas sis s s smmmeeline s e s 55 5 Sommmaess s 65 § 5 8 O 0.5 ounce

Dimensions: See outline drawings

Maximum Vibration Conditions .......... ... ..ot 50-2000 cps @ 15 G

Maximum Shock Conditions ............coiiiiiiiiiiiii i 720 G/1 millisec.
(48° Hammer blow in Navy Fly Weight, High Impact Shock Machine)

Microscopic Inspection per MIL-E-17751B (N ORD). . ......ooveiine et See Application Notes

RATINGS, ABSOLUTE VALUES

Peak Anode Voltage Symbol M, Mo,
Inverse (Note 1)i.uu.i.iiiviinapmannosossssssomononsiosssssis epx — 1200 Volts
FOrWArd. "« s sammmnnssass s 55 ammmimeassss i 586 omesasi s #s s e epy 300 1200 Volts
Cathode Current
PeaK .. e Ilg 205.8 m?eres
BVBTARE ..o suomommns 5555 8 3 Bimmmmeioss piy 03 A eaainsd s das8s illiamperes
RMS (For square pulse applications I, = V' Ib X ib)............. I 1.0 Ampere
D.C. Anode VOIRAZE. . .. .o\t e Ebb 300 Volts
Heater-Cathode Voltage ...........coooiiiiiiiiiiiiiiii ... Ehk —100 +25 Volts
Operating FrequenCY. ... ...covvnreeeniiieeiiiie i iiiieennnns, prr 5000 cps
(This is not necessarily the upper operating
frequency limit but represents the highest
repetition rate extensively life tested to date.)
Peak Grid Voltage. . . See Recommended Grid Pulse Conditions on page 2.. egy 175 500 Volts
Peak Inverse Grid Voltage...........cooviiiniiiiiiiannn, egx 150 Volts
Heating Factor (epy x ib x prr. See page 4)............ccovvvvino. .. Pb 1x10®
Current Rate of Rise (Note 2).........cccovviiiiiiiiiiniiiinnnnn. 400 amp/u sec.
Anode Delay Time (Note 3).........ccoivniiiiiiiiiiiiiiiien... tad 0.6 u sec.
Time Jitter (Note 4). ... .cooviiniii i i tj .005 u sec.
Ambient Temperature. . ...... ...t TA —60°C +125°C

Note 1. In pulsed operation, the peak inverse voltage, exclusive of a spike of 0.05 u sec. maximum dura-
tion, shall not exceed 500 volts during the first 25 u sec. following the anode pulse.

Note 2. Measurement made between 26% and 70.7% points.

Note 3. Anode delay time is defined as the time interval between the point on the rising portion of the grid
voltage pulse which is 26 percent of the maximum unloaded pulse amplitude. and the point where
anode conduction takes places.

Note 4. Time jitter is measure at 50 per cent of the pulse amplitude after the tube has been operating for
at least 60 seconds. With sufficient grid drive and with anode voltages of 600 volts and above,
jitter not exceeding 0.005 y sec. can be easily achieved.

TYPE
72240

TYPE 7190

is similar in all respects to the
7240 but employs a 6.3 volt, 1.8
ampere heater. Heater current
range at 6.3 volts is 1.6 to 2.0
amperes. Heater voltage limits
are 6.0 to 6.6 volts.

.804”— 844"

il

Té% BULB

+— 1.875” MAX.
2.125" MAX

Small Button 7-Pin
Miniature Base
(See Application Notes)
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Application Notes

This miniature hydrogen thyratron is designed primarily for use in line type radar modulators. A basic circuit for
such service is illustrated helow. In such a circuit, the hydrogen thyratron serves as a switch to release into the magnetron
or other radio frequency generator, the energy stored in the pulse forming network. This tube is admirably suited for
such service by its ability to hold off relatively high voltage, and to pass high peak current with relatively low tube
voltage drop. The tube will operate over a wide range of pulse repetition rates, pulse widths and peak currents, thus
providing a very flexible circuit element. Triggering requirements are simplified since the tube operates with zero bias,

CHARGING

CHARGING
DIODE

CHOKE

PULSE FORMING
NETWORK

L e ]
T_ T

TRIGGER PULSE
CIRCUIT TRANSFORMER

The small size, light weight, extreme ruggedness, and ability to operate at high ambient temperatures, makes this
tube particularly suitable for airborne use. The tube can be operated in any position. The 7240 is tested in accordance
with MIL-E-17751B (N ORD), the military specification for Electron Tubes for Guided Missiles. This entails 100%
microscopic inspection with a 10 power binocular microscope for such items as seals, leads and spot welds. Sample tubes
are vibrated with voltages applied over a range of 50 to 2000 to 50 cps at 15 g in 4 minutes.

The 7240 fits a standard 7 pin miniature socket. The tube pins, however, are stiff, and care should be taken to have
the socket clips in perfect alignment before attempting to insert a tube. As the tube operates at high temperatures, a
ceramic type socket should be employed. Connections to the socket should be made with flexible leads to provide floating
action for the socket clips. Pin straighteners should never be used on this tube type, as any attempt to bend the pins
will result in cracked button bases!

The nominal altitude rating for the 7240 is 10,000 feet. However, if provision is made to prevent arc-over between
pins, this type will operate at 80,000 feet. One method of preventing arc-over between pins is to pot the base end of the
tube. If the entire envelope is to be potted, however, precaution must be taken to keep bulb temperature below 225°C.

Cathode temperature is determined by RMS cathode current as well as by heater power. The bogey heater voltage
of 28.0 volts therefore is applicable only near full operating conditions. At light loading it is recommended to operate
the heater voltage higher. Recommended figures for various operating conditions are shown on the curves on page 3.

Typical Operation

HIGH VOLTAGE
POWER SUPPLY

7240

6

MAGNETRON

Pul Peak
Repetition Anode Current Anode | Pulse Grid Drive
Rate Peak RMS Average Voltage
pps Amps | Amps AC | mAd.c. Volts I sec 1L sec volts
5,000 20.0 1.0 50. 1,000 0.5 1.0 250
10,000 6.6 0.5 37. 316 0.56 2.0 250
33000 | 35 | 046 | 60. 350 | 05 Blocking 1 200

*Limited test information

Recommended Grid Pulse Values

Min. Max.
Peak Voltage 200 500 Volts
Driver Circuit Impedance 200 1000 Ohms
Voltage Rate of Rise 350 Volts/ . sec.

These values are as measured at the tube socket with the thyratron removed. The grid pulse width should not be
longer than the anode pulse except in cases where the driver circuit impedance is high. The minimum peak trigger voltage
recommended will increase with decreasing trigger pulse width. However, this effect is important only at pulse widths
less than 0.5 microseconds.
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CATHODE HEATER CURRENT IN AMPERES
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LOW MU HIGH POWER TRIODE
FOR SERIES REGULATOR SERVICE

DESCRIPTION — The 7241 is a long life, high power triode developed especially for use
as a passing tube in series regulated power supplies. For this service, a tube must be able
to pass large currents over a wide voltage range and still exhibit a low intrinsic voltage
drop when operated “wide open”. The 7241 adequately meets these requirements. One
type 7241 can pass more than one ampere at 100 watts plate dissipation.

The 7241 features one large zirconium coated graphite anode, with three separate
grid-cathodes structures. This anode, while lighter in weight than similar metal anodes,
remains warp free during life and provides one of the best gas “gettering” means known.
The anode is supported by ceramic insulators. The use of these insulators and the hard
glass envelope permit the tube to be outgassed at high temperatures during the manu-
facturing exhaust process. This allows the tube to be run at high temperatures during
operation, without the evolution of harmful gas from the tube parts.

Massive cathodes provide adequate emission current reserve. Gold plated molybdenum
wires are employed in the rugged grid structure. The tube mount is built on a rugged
button stem, and is supported from the bulb by means of flexible metal vibration snubbers.

In many circuits, one 7241 can replace four type 6080WA or 6AS7G regulator tubes.
For even higher levels of current or power, several 7241 tubes can be paralleled as ex-
plained in the application notes.

ELECTRICAL DATA

Heater Voltage ................. 6.3 £10% volts ~ Transconductance ............... 40,000 umhos
Heater Current (E. = 6.3 volts). .. .7.5 amperes Amplification Factor.............. 2.7
Minimum Cathode Heating Time. .. .30 seconds Plate Resistance ................ 67 ohms

MECHANICAL DATA

Mounting Position ................... Any Socket ...l E. F. Johnson #122-237
(If tube is to be mounted in a hori- or Equivalent
%ﬁ"};ﬁa' DObSiﬁOﬂ it ié recomhmended Average Net Weight.................. 6.0 ounces

at it be mounted so that the . : :

bayg_net t[findpoin;s either directly up Ma;;g't”’s"hogﬂol&gcmté?g (Navy Hi Im- 150 G
ar-dines own) . pact Shock Machine)................

Bulb ..... y ........................ TT 18 Nonex. Maximum Vibration Rating (10 to 25 cps). 2.5 G

Base .................... Giant 7 Pin with Ceramic

insert, JETEC #A7-17

RATINGS, ABSOLUTE VALUES

Minimum Maximum

Total Plate Dissipation. ................c.ouiuiiiiiiieinneannnnnn, — 100 watts
Total Plate Current............c.ooieiiiri e — 1.2 amperes d.c.

If tube voltage drop is to be swung more than 6 volts, this

current cannot be realized. See Plate Characteristics Curve
Current per Cathode.............. ... .cooviiininnnnnnn... I — 400 milliamperes d. c.
Plate Voltage ... 0 400 volts d. c.
Heater-Cathode Voltage ............ ..ottt —300 300 volts d. c.
Grid VOIAEE: . e ivisrsininimmnenieenen e enemnnononsesnnnnenenes —300 0 volts d. c.
Grid Current per Grid. ... ........ouunt e e — 0 milliamperes
Heater Voltage ..............oiiiiiiiiiiii i 5.7 6.9 volts
Envelope Temperature .............ooooiminei . — 300 °C.
Altitude for Full Ratings. ......... ..ottt — 10,000 feet

If cooling is provided to keep bulb temperature within

ratings, altitude rating can be extended to 60,000 feet
Circuit Values

Total Grid Circuit Resistance in Regulator Service or with fixed bias......... 500 50,000 ohms

Total Grid Circuit Resistance with cathode bias only...................... 500 200,000 ohms

Resistance per grid leg when tubes are paralleled........................ 500 — ohms

Cathode Resistance: Minimum cathode resistance per cathode leg shall be 27 ohms or that resistance neces-
sary to provide 10% of the grid bias voltage, whichever is greater.

TYPE
7241

7241 JUNG-SOL
CHATHAM
s 5
L\ >
AU

—>2.32 Max.

6" Max.

T
1 338 [~ 219 Max.
©

GLASS BULB

Bottom View
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ADDITIONAL TESTS TO INSURE RELIABILITY RANGE OF VALUES

Randomly Selected Samples are Subjected to the Following Tests Conditions: E, = 6.3V E, =190V
tEe—00V, b —

Shock: 30° Hammer Angle in Navy, Flyweight, E.=—0, Rv/x =200 2, R, =500 ©
High Impact Machine (450 G/msec) Readings taken after
' 5 minutes power preheating.
Life Test: 1000 hours under plate current test conditions Total Plate Current............ 495 600 Milliamperes, d. c.
Amplification Factor ............ 2.0 3.4
Post Shock and Life Test End Points: Transconductance ............. 33,000 48,000 Micromhos
Plate CUIFENt - oo oo oo 450 mA min. Heater Current per tube......... 7.12 7.88 Amperes
Transconductance ....................... 27,000 umho min. Conditions: E;=6.3V, &, =200V
HK Leakage . ........coooveeeeeeennen.., 150 uA max. E.=—100V, Re =0
Grid Current . ..ovvvoeeee e —12 uA max. Current per Cathode. ...... 0 10 Milliamperes

Application Notes

The 7241 was designed expressly for use as a “passing” tube or series regulator tube. Its high current capabilities
permit it to replace several tubes of lower current ratings. For even higher current several tubes can be paralleled.
If tubes are to be paralleled, however, the designer is strongly urged to use sufficient resistance in each cathode
leg to equalize current division among the triode sections. Recommended values for various operating currents
are shown on the plate characteristics curve. If the output current of the supply is not fixed, use the resistance
indicated for the lowest current that approaches the maximum plate dissipation line. Cathode resistance is superior to
anode resistance because it provides more bias on the sections taking greater plate current. A cathode resistor need
be only one fourth the value (u—_l:l~) of a plate resistor, and therefore will dissipate only one fourth the power. In
any case, the only losses incurred in using a resistor is the insertion loss of the resistor itself (about two watts) and
the additional veltage (less than 10 volts) necessary from the unregulated supply. A cathode resistor adds a small addi-
tional loss by causing the passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied. This is especially neces-
sary in circuits where the amplifier tube plate resistor is returned to the plate side of the passing tube, as illustrated
in the simplified circuit in Figure 1. In this case during warmup the amplifier tube draws little current, there is little
IR drop across the resistor, and the grid of the passing tube is effectively, tied to the plate. The plate will attempt
to draw excessive current from the passing tube’s cathode and may seriously impair tube life. The circuit in Figure 2
is preferable from the consideration of the safety of the passing tube both during warmup and in the event of trouble
in the amplifier circuit or if the amplifier tube is removed from its socket. It has the additional advantage of providing
a constant voltage for the amplifier circuit. However, if the regulator output is low (below 250 volts) it will be neces-
sary to provide additional negative voltage for the reference tube circuit. Also, if the regulated output voltage is to be
variable, it may be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as possible. A safety margin
of at least 5 volts from the zero bias line should be allowed however, for variations of individual tubes. Sufficient bias
excursion should be allowed for overcoming ripple. The amplifier circuit should be able to counteract the effect of
unbalance due to tube ageing.

If two or more tubes are used in parallel a grid resistor should be used for each tube. This should be enough to
prevent parasitic oscillation but not large enough to prevent loss of control due to a small amount of “gas” grid current.
A value of grid resistance that meets both these conditions is 1,000 ohms. Heater voltage should be kept as close as
possible to 6.3 volts as measured on the tube pins. When connecting many high drain tube heaters across a single trans-

former, bus bars feeding from “alternate ends” (Figure 3) should be used with a stranded pair feeding individual sockets.
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-200

1400
1200 7
7241 / g
E; = 6.3 Volts 1000 S
/ 800 EE
—
J s H b 2
\\Q\O‘QO\/ [ I l %
\NO
\® 400 Y
AeTaalsae
/] / Y/ =
4010//350/ 330/;5107/? lso/ﬁ f,:// 0 e
> = 4 0
200 150 -100 -50 0
GRID VOLTS
AVERAGE CHARACTERISTICS
5.0
7241 -
8 7241
40 Q
[
z
] ¢ |
—
/ I < / )
E I
S, _3A0§ / &
RV AV < // / 1
N ()Q/Q/Q/QQ,@\QQ/G‘?, : o4&
SEavavAVaraL D25 G AR AV
A A ATA AT
150, -100 50 0 -200 150 100 -50 0
GRID VOLTS GRID VOLTS
600
7241 =
1 €
‘ ‘ 500 £
\ =
\ ‘ 00 o
(|
i
@]
150_!“{’5 \% \ 300 E:
\VEAVEACE &
2 320 @
\ \\ \ \ \’%_\,J‘\\q o
2. i w
A\ \\ ‘0 1100
\‘ =
0
-200 -150 -100 -50 0
GRID VOLTS

120000

100000

80000

60000

40000

20000

10/58

TRANSCONDUCTANCE (Gm in Microhms)



TUNG-SOL /CHATHAM

MEDIUM MU HIGH POWER TRIODE
FOR SERIES REGULATOR SERVICE

DESCRIPTION — The 7242 is a long life, high power triode developed especially for use
as a passing tube in series regulated power supplies. For this service, a tube must be able
to pass large currents over a wide voltage range and still exhibit a low intrinsic voltage
drop when operated “wide open”. The 7242 not only meets these requirements but possesses
the additional advantage of requiring little grid voltage swing to control these currents.
This permits the use of simpler control amplifier circuits in the regulated supply.

The 7242 features one large zirconium coated graphite anode, with three separate
grid-cathodes structures. This anode, while lighter in weight than similar metal anodes,
remains warp free during life and provides one of the best gas “gettering’” means known.
The anode is supported by ceramic insulators. The use of these insulators and the hard
glass envelope permit the tube to be outgassed at high temperatures during the manu-
facturing exhaust process. This allows the tube to be run at high temperatures during
operation, without the evolution of harmful gas from the tube parts.

Massive cathodes provide adequate emission current reserve, Gold plated molybdenum
wires are employed in the rugged grid structure. The tube mount is built on a rugged
button stem, and is supported from the bulb by means of flexible metal vibration snubbers.

In many circuits, one 7242 can replace four type 5998 regulator tubes. For even
higher levels of current or power, several 7242 tubes can be paralleled as explained in the
application notes.

ELECTRICAL DATA

Heater Voltage ................... 6.3 £10% volts Transconductance ................. 111,000 umhos
Heater Current (E; = 6.3 volts). .. .. 7.5 amperes Amplification Factor ............... 9.0
Minimum Cathode Heating Time. ... .. 30 seconds Plate Resistance ................. 82 ohms

MECHANICAL DATA

Mounting Position ................ Any SOCKEY « < s s v snvemmmnans s E. F. Johnson #122-237
(If tube is to be mounted in a hori- or Equivalent
zontal position it is recommended Average Net Weight............... 6.0 ounces
that it be mounted so that the bay- Maximum Shock Rating (Navy Hi Im-
onet pin points either directly up or pact Shock Machine)............. 450 G
directly down) Maximum Vibration Rating

Bulb ... . TT 18 Nonex (10to 25¢ps).ovvvvvnennnnn.n. 256G

BASE wisiins a5 sissanmn Giant 7 pin with Ceramic

insert, JETEC #A7-17

RATINGS, ABSOLUTE VALUES

Minimum Maximum
Total Plate Dissipation — 100 watts
Total Plate Current............ 8§ mnoesesanmin: & & = Sk i oL e 8 ¢ & 3 s e s A — 0.9 amperes d.c.
If tube voltage drop is to be swung more than 6 volts, this current.cannot
be realized. See Plate Characteristics Curve.

Current per Cathode............coviiiiiiiiiiiii e eannnn, — 300 milliamperes d. c.
Plate Volfage ...t 0 400 volts d. c.
Heater-Cathode Voltage ...............c.oouiiiiei e —300 300 volts d. c.

Grid Voltage . .......coouiiiiii —300 0 volts d. c.

Grid Current per Grid. . .......oouoiii i — 0 milliamperes
Heater Voltage ...........cooiiiiiiii i 5.7 6.9 volts

Envelope Temperature ........... ... it — 300 °C.

Altitude for Full Ratings........ ..o, — 10,000 feet

If cooling is provided to keep bulb temperature within ratings, altitude
rating can be extended to 60,000 feet.
Circuit Values

Total Grid Circuit Resistance in Regulator Service or with fixed bias. ... .. 500 20,000 ohms
Total Grid Circuit Resistance with cathode bias only................... 500 200,000 ohms
Resistance per grid leg when tubes are paralleled.................... 500 —  ohms

Cathode Resistance: Minimum cathode resistance per cathode leg shall be 10 ohms or that resistance necessary
to provide 10% of the grid bias voltage, whichever is greater.
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Additional Tests to Insure Reliability Range of Values
Randomly Selected Samples are Subjected to the Following Tests Conditions: E;—6.3V, E, =100V
. . Ec=—4,R, =500 Q
Shock: 30° Hammer Angle in Navy, Flyweight, ) g P .
High Impact Machine (450,/Gmsec) Regd'ngs tg,kten aftefr ZE nﬂ-spsfehgatm_g

Life Test: 1200%5h&uers)under plate current test conditions (R, nge\r/, chcn:Hg'n;ko: 200 ohms.

' g Total Plate Current............ 428 698 Milliamperes, d. c.
i ints: Amplification Factor ........... 7. 11.

Post Shock and Lite Test End'Polnts: . Transconductance ............ 87,000 135,000 Micromhos
Plate Current ............cooiiiiii., 390 mA min. Heater Current per Tube........ 7.12 7.88 Amperes
Transconductance «...................... 70,500 umho min. Conditions: Er =6.3V, E, =400V
HK Leakage ............cccovveininin.. 150 uA max. Ee=—75V,Re =0
Grid Current. . ..o —12 uA max. Total Plate Current........... 0 9 Milliamperes

Application Notes

The 7242 is admirably suitable for use as a “passing” tube or series regulator in elec-
tronically controlled power supplies because of its ability to pass large currents and to easily
control them. For even greater current, several tubes can be paralleled. If tubes are to be
paralleled, however, the designer is strongly urged to use sufficient resistance in each cathode
leg to equalize current division among the triode sections. Recommended values for various
operating currents are shown on the plate characteristics curve. If the output current of the
supply is not fixed, use the resistance indicated for the lowest current that approaches the
maximum plate dissipation line. Cathode resistance is superior to anode resistance because
it provides more bias on the sections taking greater plate current. A cathode resistor need
be only one tenth the value (=) of a plate resistor, and therefore will dissipate only one
tenth the power. In any case, the only losses incurred in using a resistor is the jnsertion loss
of the resistor itself (less than one watt) and the additional voltage (lessthan 6 volts) necessary
from the unregulated supply. A cathode resistor adds a small additional loss by causing the
passing tube to work with higher bias and hence with greater tube drop.

A thirty second cathode warmup time is recommended before the plate voltage is applied.
This is especially necessary in circuits where the amplifier tube plate resistor is returned to
the plate side of the passing tube, as illustrated in the simplified circuit in Figure 1. In this
case during warmup the amplifier tube draws little current, there is little IR drop across the
resistor, and the grid of the passing tube is effectively tied to the plate. The plate will attempt
to draw excessive current from the passing tube’s cathode which may seriously impair tube
life. The circuit in Figure 2 is preferable from the consideration of the safety of the passing
tube both during warmup and in the event of trouble in the amplifier circuit or if the amplifier
tube is removed from its socket. It has the additional advantage of providing a constant
voltage for the amplifier circuit. However, if the regulated output is low (below 250 volts) it
will be necessary to provide additional negative voltage for the reference tube circuit. Also,
if the regulated output voltage is to be variable, it may be necessary to follow Figure 1.

Passing tube operation conditions should be chosen to provide as low a tube drop as
possible. A safety margin of at least 5 volts from the zero bias line should be allowed however,
for variations of individual tubes. Sufficient bias excursion should be allowed for overcoming
ripple. The amplifier circuit should be able to counteract the effect of unbalance due to
tube ageing.

If two or more tubes are to be used in parallel a grid resistor should be used for each
tube. This should be enough to prevent parasitic oscillation but not large enough to prevent
loss of control due to a small amount of “gas” grid current. A value of grid resistance that meets
both these conditions is 1,000 ohms. Heater voltage should be kept as close as possible to 6.3
volts as measured on the tube pins. When connecting many high drain tube heaters across a single
transformer, bus bars feeding from “alternate ends” (Figure 3) should be used with a stranded

pair feeding individual sockets.
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SUBMINIATURE, SELF INDICATING THYRATRON

DESCRIPTION: The 7323 is a subminiature thyratron with negative control grid character-
istics. The gaseous glow it exhibits while conducting is several times brighter than an
NE-2 glow lamp (both devices at maximum ratings) and makes the use of auxiliary
readout devices unnecessary. It may be viewed either “end on” or from the side.

Because of its small size, low operating voltages, minute triggering requirements and
low filament power, the 7323 is particularly suited for use in transistor circuits. The termi-
nal leads may be soldered directly into a circuit or may be clipped for insertion in an

in-line subminiature socket.

The 7323 replaces type CK1050 in all applications.

ELECTRICAL DATA MECHANICAL DATA
Filament Voltage ........... 1.25 £ 10% V a.c. Mounting position .............. Any
Fil t e t 280, mA Bulb ::::smmasmmmnmnasssssssons T2
lament LUTeNL" s sawmmasa 5 M Diameter .............. ... ... 0.315” Max.
Anode Voltage Drop @ 3 mA.. 18V d.c. Length (without leads)........... 1.07” Max.
Connections ................... Flexible leads
Weight (Approx.) ................ 0.06 oz.
RATINGS, ABSOLUTE VALUES TYPICAL OPERATING
Anode Supply Voltage (RMS). ...... 80. V a.c. Max. CONDITIONS
Cathode Current ................ 3 mAdc Max. Anode Supply Voltage (RMS)....... 65Va.c.
Preconduction Grid (Transfer) Anode Circuit Resistance......... 10,000 Ohms
Current @ E» = 75 volts Anode Current ................. 2 mAdc
RMS 0.5 nAdc Max. Grid Bias Voltage............... —4.5Vd.c.
Grid Series Resistance........... 2. Megohms

TUNG-SOL /CHATHAM
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TYPE
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10,000 €2

2 MEG. ©

65 V. RMS.

]
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10 MEG. @
|
I

4.5 V. D.C. l n ]

1.25 V @ 280 mA

5 VOLTS ’ l

a—

X

PULSE OPERATED RELAY

Application Notes

It is often necessary to provide a relay device to operate at low level, low voltage, short duration pulses such as are
found in transistor circuits.The 7323 self indicating thyratron performs this function as well as providing an adequate,
visual read out indicator. Although not as brilliant an indicator as comparable cold cathode thyratrons, the 7323 operating
at 3 milliamperes is many times brighter than an NE-2 neon glow lamp. The efficient filament consumes only about one
third watt of heater power.

As with any gas tube, once the tube conducts, the tube voltage drop remains virtually constant and the current through
the tube is limited by the circuit resistance. In the anode circuit this may be the resistance of the load itself, or, the load
plus additional limiting resistance. The grid circuit should contain a 1,000 ohm series resistance if the source resistance is
lower than this figure.

The 7323 is normally mounted behind a panel cut out for either end on or side viewing. A subminiature heat dissi-
pating type of tube clamp provides both a convenient means of mounting as well as shielding to minimize the effect of hand
capacity or electrical fields.

The 7323 can be operated from either an A.C. or D.C. anode supply voltage. If D.C. operated, it is necessary to break
the anode circuit (either by a mechanical switch or negative pulse) to restore control after the tube has fired. This is
particularly advantageous in the “hold until reset” type of application.

CONTROL CHARACTERISTICS ANODE CHARACTERISTICS
OPERATIONAL RANGE OF CRITICAL GRID VOLTAGE
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SELF INDICATING, COLD CATHODE THYRATRON

DESCRIPTION — The 7400 is a small, light weight, cold cathode thyratron for relay
service. When the tube is conducting, the disk shaped cathode glows brightly with the
characteristic neon color. The tube is designed for end on viewing.

The 7400 has “reference tube” construction and processing to keep its firing char-
acteristics constant during life. This feature, coupled with the low level of trigger pulse
voltage, makes the 7400 particularly adaptable to transistor circuits.

This tube type was designed into some circuits under the original development type
designation, CH1116.

RATINGS, ABSOLUTE VALUES TYPICAL OPERATING
) CONDITIONS
Positive Anode Voltage.......... 180 VDC Max. A v Vol 150
: : de Supply Voltage........... volts d.c.
Negative Anode Voltage (without ne sl ;
discharge to a positive grid). .. 100 VDC Max. Anode Circuit Resistance........ 5,090'0hms
- I . Anode Current................. 7 milliamperes
Positive Grid Bias Voltage (without Positive Grid Bias.............. 102 volts d.c.
grid ionization) ........ T 102 VDC Max. Grid Trigger Signal............. 5 volts
Transfer current @ Eb = 150 VDC 15 uA Max. Grid Transfer Current........... 7 microamperes
Cathode Current ............... 12 mA DC Max. Current Amplification ........... 1,000
ELECTRICAL DATA MECHANICAL DATA
(Typical Values) Mounting Position ............... Any
Anode Voltage Drop @ 1 mA... 102VDC BUb . Flat end vial
Anode Voltage Drop @ 10 mA.. 117VDC Diamet i
Grid Voltage Drop @ 1 mA. ... 88VDC iameter E R S 187842 0.50” max.
Anode lonization Voltage. .. .. .. 210 Volts Length Fwnhout leads)............ 1.88” max.
Grid lonization Voltage. ....... 109 Volts Connections .................... CO|0I: coded
Minimum Anode Current for Bright flexible leads
Read Out Indication......... 250 microamperes Weight (approx.)................. 0.17 oz.

. —————————— — —
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0.01 wufd

Load
—/ VW
(8.20042) Normally &
Closed [}O_ ot
Push 1 \
Sw‘;tch _L 25 VDC
I | 5 Volts =
0.1 Meg € - Normally closed
o+ Yellow  pysh switch
110 to 150 VDC o ele-
Fig 1 — s
¥ Pulse operated relay Fig 2
Mechanically operated relay
1N2075
O
Cadmium Sulphide + { = q ; °
Cell. (Clairex
CL-1 or equivalent)
>
130 VDC 117V. RMS
Fig 3 Fig 4
o —  J
& O
Relay for a Cadmium Sulphide photo cell Same as Figure 3 but operated from A.C. line

Application Notes

It is often necessary to provide a relay device for circuitry operating at low power level, low voltage pulses. The 7400
self indicating thyratron performs this circuit function as well as providing a brilliant, visual readout indicator. No heater
power is required for its operation.

The 7400 contains a cathode, a trigger grid and an anode within a gaseous atmosphere. If an increasing positive
voltage is applied to the grid, a minute pre-ionization current will flow until the critical grid current of about seven
microamperes is reached. At this point the region between the grid and cathode “breaks down” or ionizes. If the applied
anode voltage is equal to or greater than the grid voltage, the glow will then transfer to the cathode-anode region. Thus, a
very low energy signal in the grid circuit can control much higher energy in the anode circuit. If, in this illustration an
anode current of seven milliamperes were to flow, the tube has provided current amplification of 1,000.

As with any gas tube, once the tube conducts, the tube voltage drop remains virtually constant and the current through
the tube is limited by the circuit resistance. In the anode circuit this may be the resistance of the load itself, or, the load
plus additional limiting resistance. The grid circuit should contain a 5,000 ohm series resistance if the source resistance is
lower than this figure. If the grid circuit resistance is above 10 megohms, however, it may be necessary to connect a small
capacitance between the grid and cathode. This is to store enough energy to insure grid ionization.

Radioactive dosing is used to eliminate any change of firing characteristics due to illumination. The magnitude of
activity is not great enough to institute a personal hazard. However, persons are cautioned not to handle broken tubes to
avoid getting the active material directly into the bloodstream through cuts. If a person cuts himself on a broken tube
the cut should be cleansed immediately. An open cut can be cleansed by holding it in running water.

The 7400 is designed for end on viewing and will provide a brilliant surface glow pattern when conducting only a
fraction of a milliampere. The tube is normally mounted behind a metal panel with the flat end of the bulb flush with
the panel surface. If it is not so mounted, the bulb sides should be shielded (eg: copper mesh) to prevent hand capacity
or strong electric fields from altering firing potentials. A heat dissipating type of tube clamp provides a convenient method
of tube mounting that requires no further shielding.

Typical circuit configurations are illustrated above. As with any thyratron circuit, once the tube conducts, the
grid will not regain control until the anode voltage falls low enough to extinguish the cathode-anode glow. This is usually
accomplished by breaking the anode circuit. However, it can also be done under D.C. operation, by causing the anode
current to flow in saw tooth steps. The saw tooth is generated by running the tube as a relaxation oscillator by inserting
sufficient capacity between the cathode and anode. Figure 3 illustrates an application of this idea. The 7400 will also
regain grid control on each cycle if it is run from half wave rectified A.C. Figure 4 illustrates an application of the tube
on A.C. Operation of the tube on A.C. without the series diode is not recommended.
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SUBMINIATURE, SELF INDICATING
COLD CATHODE THYRATRON

DESCRIPTION — The 7401 is a subminiature, light weight, cold cathode thyratron for
relay service. When the tube is conducting, the disk shaped cathode glows brightly with
the characteristic neon color. The tube is designed for end on viewing in small spaces.

The 7401 has “reference tube” construction and processing to keep its firing char-
acteristics constant during life. This feature, coupled with the low level of trigger pulse
voltage, makes the 7401 particularly adaptable to transistor circuits.

This tube type was designed into some circuits under the original development type

designation, CH1125.

RATINGS, ABSOLUTE VALUES TYPICAL OPERATING

CONDITIONS

Positive Anode Voltage.......... 180 VDC Max.
Negative Anode Voltage (without Anode Su_pply Volta_ge ........... 150 volts d.c.

. . . Anode Circuit Resistance........ 5,000 ohms

discharge to a positive grid)... 100 VDC Max. o

L Lo . Anode Current................. 7 milliamperes
Positive Grid Bias Voltage (without Positive Grid Bias.............. 102 volts d.c.

grld ionization) frecserienaaes 102 VDC Max. Grid Trigger Slgnal ............. 5 volts
Transfer current @ Eb = 150 VDC  15.A Max. Grid Transfer Current........... 5 microamperes
Cathode Current............... 8 mA DC Max. Current Amplification ........... 1,400

ELECTRICAL DATA MECHANICAL DATA

(Typical Values)

Mounting Position ............... Any
Anode Voltage Drop @ 1 mA... 105VDC Bulb .. T3
Anode Voltage Drop @ 8 mA... 115VDC Diameter ........oiiiiiniiiian 0.40” max.
Grid Voltage Drop............. 87 VDC Length (without leads)............ 1.50 nom.
Anode lonization Voltage. ... ... 200 Volts Connections .................... Flexible leads
Grid lonization Voltage. ....... 107 Volts Weight (approx.)................. 0.11 oz.
Minimum Anode Current for Bright

Read Out Indication......... 250 microamperes

TYPE
7401
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5000 ©
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Switch _
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o+ ¥ Yellow  pysh switch
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Fig 1 — .
1
f Pulse operated relay Fig 2
Mechanically operated relay
1N2075
°+ 5
Cadmium Sulphide l
Cell. (Clairex
CL-1 or equivalent)
130 VDC 117V. RMS
Fig 3 Fig 4
o — : o
Relay for a Cadmium Sulphide photo cell Same as Figure 3 but operated from A.C. line

Application Notes

It is often necessary to provide a relay device for circuitry operating at low power level, low voltage pulses. The 7401
subminiature self indicating thyratron performs this circuit function as well as providing a brilliant, visual readout indi-
cator. No heater power is required for its operation.

The 7401 contains a cathode, a trigger grid and an anode within a gaseous atmosphere. If an increasing positive
voltage is applied to the grid, a minute pre-ionization current will flow until the critical grid current of about five
microamperes is reached. At this point the region between the grid and cathode “breaks down” or ionizes. If the applied
anode voltage is equal to or greater than the grid voltage, the glow will then transfer to the cathode-anode region. Thus, a
very low energy signal in the grid circuit can control much higher energy in the anode circuit. If, in this illustration an
anode current of seven milliamperes were to flow, the tube has provided current amplification of 1,400.

As with any gas tube, once the tube conducts, the tube voltage drop remains virtually constant and the current through
the tube is limited by the circuit resistance. In the anode circuit this may be the resistance of the load itself, or, the load
plus additional limiting resistance. The grid circuit should contain a 5,000 ohm series resistance if the source resistance is
lower than this figure. If the grid circuit resistance is above 10 megohms, however, it may be necessary to connect a small
capacitance between the grid and cathode. This is to store enough energy to insure grid ionization.

Radioactive dosing is used to eliminate any change of firing characteristics due to illumination. The magnitude of
activity is not great enough to institute a personal hazard. However, persons are cautioned not to handle broken tubes to
avoid getting the active material directly into the bloodstream through cuts. If a person cuts himself on a broken tube
the cut should be cleansed immediately. An open cut can be cleansed by holding it in running water.

The 7401 is designed for end on viewing and will provide a brilliant surface glow pattern when conducting only a
fraction of a milliampere. The tube is normally mounted behind a metal panel with the end of the bulb flush with the
panel surface or protruding approximately one-quarter inch. If it is not so mounted, the bulb sides should be shielded
(eg: copper mesh) to prevent hand capacity or strong electric fields from altering firing potentials. A heat dissipating type
of tube clamp provides a convenient method of tube mounting that requires no further shielding.

Typical circuit configurations are illustrated above. As with any thyratron circuit, once the tube conducts, the
grid will not regain control until the anode voltage falls low enough to extinguish the cathode-anode glow. This is usually
accomplished by breaking the anode circuit. However, it can also be done under D.C. operation, by causing the anode
current to flow in saw tooth steps. The saw tooth is generated by running the tube as a relaxation oscillator by inserting
sufficient capacity between the cathode and anode. Figure 3 illustrates an application of this idea. The 7401 will also
regain grid control on each cycle if it is run from half wave rectified A.C. Figure 4 illustrates an application of the tube
on A.C. Operation of the tube on A.C. without the series diode is not recommended.
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TUNG-SOL / CHATHAM

HYDROGEN THYRATRON DESIGN QUESTIONNAIRE

1. Company:

Address:

Name: Position:

2. Type of Circuit — Kindly give the following data:

MM mAscannsnsnnnnanAnAsnna

Peak Anode Voltage
FOrWard — DY ..ottt i volts
VTS E —— DX .ottt ettt e volts
Cathode Current
Peak—ib ....... S S W 8§ TR S 5 S8 WA S8 64 9 K £ g e e g amperes
Average — b ..o amperes
: Peaki IGHt VOIARE == €8V s v cunsisicnmsnmsnmns i smssme s mesme s 5oss o s ats b 57 5 508§ 09 £ 5% & volts
Peak Inverse Grid Voltage — egX. ...t volts

Grid Pulse

Rise Time (between 26 and 70% points) —tr..... ... ... ... it __ _ microseconds

Width (at 70.7% point) —tp. ... —_ microseconds
Pulse Recurrence Rate — prr........ ... — pulses per second
Heating Factor (epy x ib x prr)—Pb. ... ..
HEater VOItAZE — EF . oucoimosmusmssnssmismesoissviossssmes o s s 58 s s a8 5 6.9 5 505§ s volts
Cathode Heating Time — k. ... ... it — seconds/minutes
Grid Circuit Impedance — Zg. ... . ... ohms
Is Clipper Tube Used , Gas or Vacuum Type,

Where Located

Is Anode Saturable Reactor Used

Type of Load

Pulse Separation For Coded Pulses

3. Additional Data

PLEASE SKETCH SCHEMATIC DIAGRAM OF CIRCUIT ON BACK OF PAGE



TUNG-SOL /CHATHAM

DQ{

SCHEMATIC DIAGRAM

When completed mail to —

COMMERCIAL ENGINEERING DEPARTMENT
TUNG-SOL ELECTRIC, INC., CHATHAM ELECTRONICS DIVISION
630 W. Mt. Pleasant Avenue, Livingston, N. J.

WYman 2-1100
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Ghatham

MODEL

Input

Output
Regulation
Cooling

MODEL

Input
Output

Regulation
Cooling

MODEL

Input
Output
Regulation
Cooling

28V100MBL -
115/200 volts, 3 @, Weight Less than 16 Ibs.
400 c.p.s. Dimensions 13%”Hx7"Wx7”D
100 amp at28VDC Feature Contoured to fit
12.6% (@ 200 volts cooling duct
External Blast system

Type Selenium TR unit

283150
28 volts DC Weight Less than 5 Ibs.
50va 115/200 VAC Dimensions 3”H x4”W x5”D

3 ¢, 400 c.p.s. sine
5% with Load
Convectlon/Con-

Feature High efficlency
and high temper-
ature operation

duction Type Static DC-AC In-
verter

75D2D50

28 volts DC Weight Less than 1.5 Ibs.

50ma @+ 75VDC Dimensions 3”Hx2%”Wx5"D

+1% Feature Dual Output

Conduction Type DC-DC Conver-

ter

world’s leading supplier of
power conversion units for
military and commercial
aircraft: silicon, germanium,

Input

Output
“Regulation
Cooling

MODEL 28VS100C

Input

Output
Regulation

Cooling

MODEL 7vVS20C

Input

Output
Regulation
Cooling

selenium, AC-DC, DC-DC, DC-AC

Aircraft designers specify Chatham custom-built
power supplies more than any other make. Why?
Because Chatham, time after time, best satisfies the
vital requirement of missiles . . . jet aircraft. . . com-
mercial airliners for power conversion equipment

Less than 5.5 Ibs.
5%"H x 4%"W x

115/200 volts, 3 d,
300 to 6525 c.p.s.

Weight
Dimensions

20 amp at 28 VDC 8%"D
15% (@ 200 volts Feature Wide frequency
Fan operation

Type Selenium TR unit

115/200 volts, 3 @, Weight Less than 17 Ibs.

400 c.p.s. Dimensions 5”H x 10%”W x
100amp @28 VDC 13”D

25-30.5 volts DC Feature Designed to
from 5 to 100 amp MIL-P-7212B
@ 195 to 210 volts Type Silicon TR unit

Convection

115/200 volts, 3 g, Weight Less than 3 Ibs.
400 c.p.s. Dimensions 3”H x 4”W x 5”D
20 amp @ 7 VDC Feature Voltage stabllity
15% (@ 200 volts over wide tem-
Convection perature range.
Type Silicon TR unlt



that combines consistent high reliability
with minimum bulk and poundage.

Component Control

Chatham tailor-makes its own solid-state
components — silicon, germanium, se-
lenium—to fit design requisites of power
conversion equipment. Thus, Chatham
power conversion units are limited in no
way by ‘specs’ of stock components.
Further, through strict control of com-
ponents, Chatham trims away excess
ounces and inches, fulfilling the critical
weight and space considerations of air-
borne operations.

Proved reliability

Design and manufacture cued to do a
specific job . . . Chatham's long-standing
reputation as a maker of finest quality
clectronic equipment—these assure the
reliability of each Chatham power con-

Fill Any Need

Chatham can match any power conversion
demand—AC-DC, DC-DC, DC-AC. Many
units, silicon and selenium, are immedi-
ately available from stock. For specific
requirements, Chatham will cooperate

version unit. to design and make an original unit with

In addition, the daily performance of minimum delay.

Chatham power supplies gives strong
evidence of their capability. In military
and commercial aircraft and missiles . . .
under adverse conditions of temperature,
altitude, shock and vibration, Chatham
equipment shows an unblemished record
of trustworthiness.

For specific data, contact:

CHATHAM ELECTRONICS
Division of
TUNG-SOL ELECTRIC INC.
Livingston, N. J.—Phone: Wyman 2-1100

MODEL 28VCP-A

Input 115/200 volts, 3 @, Weight

400 c.p.s. Dimensions
Output 1 amp @ + 400 VDC

1 amp @ + 300 VDC Feature

1.3 amp @ + 160 VDC

3amp @ + 28 VDC

4 amp @ — 28 VDC
Cooling Convection Type

MODEL 28V50C

Input 115/200 volts, 3 @, Weight

400 c.p.s. Dimensions
Output 50 amp at 28 VDC
Regulation 10% (@ 200 volts Feature
Cooling Convection Type

MODEL 28V55

Input 115/200 volts, 3 @, Weight
400 c.p.s. Dimensions
Output 55 amp at 28 VDC
Regulation 12.5% (@ 200 volts Feature
Cooling Fan
Type

MODEL 28V30BP

Less than 22 Ibs.

Input 115/200 volts, 3 ¢, 400 Dimensions 8”H x 9"W x

1:1‘/3,"H x 9%"W x c.p.s. 13%”D

9%"D Output 30 amp at 28 VDC Feature Includes Silver
:::anggtpm fm- Cooling Convection Cell Battery
Contoured to fit Weight  Less than 29 Ibs. Type Selenium TR unit
missile

Silicon TR unit

MODEL 28VS50

Input 115/200 volts, 3 @, Weight Less than 9.5 Ibs.
400 c.p.s. Dimensions 5”H x 6”W x 8”D
Less than 15 Ibs. Output 50 amp @ 28 VDC Feature NAS-622 Mount-
57H x 9%"W x Regulation 6% (@ 200 volts ing Provisions
14”D Cooling Fan Type Silicon TR unit
Long life design
Selenlum TR unit

NN ‘.ig’ —

MODEL 28V100-1

Input 115/200 volts, 3 ¢, Weight Less than 17 Ibs.
Lessthan12.51bs. 400 c.p.s. Dimensions 6%”H x 9%”W x
e%:H x 8%"W x Output 100amp at 28 VDC 13%”D
9%"D Regulation 24-31 volts, 0 to Feature Conforms to
Low peak ripple 100 amp (@ 195 to MIL-P-7212B
voltage 210 volts Type Selenium TR unit

Selenium TR unit Cooling Fan




MODEL 28V12

Input 115/200 volts, 3 @, Weight Less than 5 Ibs.

400 c.ps. Dimensions 7”H x4% W x9”D
Output 12.amp at 28 VDC Feature Lowripplevoltage
Regulation 10% (@ 200 volts Type Selenium TR unit
Cooling Convection

MODEL 28V25

Input 115/200 volts, 3 d@, Weight Less than 9.5 Ibs.
400 c.p.s. Dimensions 4%"H x 74"W x

Output 25 amp at 28 VDC 11%"D

Regulation 3% from % to full Feature Low peak ripple
load voltage

Cooling Fan Type Selenium TR unit

MODEL 28V200

Input 115/200 volts, 3 @, Weight Less than 30 Ibs.
400 c.p.s. Dimensions 7%”H x 9%"W x
Output 200ampat28VDC 16%"D
Regulation 15% (@ 200 volts Feature Low ripple volt-
Cooling Fan age
Type Selenium TR unit

THERE ARE CHATHAM DESIGNED POWER CONVERSION
UNITS FOR THE FOLLOWING AIRCRAFT AND MISSILES:

USAF B52 Stratofortress McDonnell F101 Voodoo
Boeing KC135 Stratotanker McDonnell F3H Demon
Boeing 707 Stratoliner Lockheed F104 Starfighter
Boeing Bomarc North American Navajo
Convair B58 Hustler Douglas A4D Skyhawk
Convair F102 Delta Dagger Douglas A3D Skywarrior
Convair F106 Delta Dart Douglas F4D Skyray
Convalir 880 Jetliner Bell Rascal

North American F100 Super Sabre

MODEL 28Vi0O0OM

Input 115/200 volts, 3 @, Weight Less than 18 Ibs.
400 c.p.s. Dimensions 7”H x 9%”W x
Output 100amp at 28 VDC 14%"D
Regulation 12.5% (@ 200 volts Feature Fused split bus
Cooling Fan output
Type Selenium TR unit

s g
#
' [
MODEL 28VS {

P
Input 115 volts, 16,400 c.p.s. Weight Less than 6 Ibs.
Output 5 amp at 28 VDC Feature Kit construction
Cooling Convection Type Selenium TR unit

MODEL 28V100BL

Input 115/200 volts, 3 @, Weight Less than 10 Ibs.
400 c.p.s. Dimensions 4'is"H x 7%"W x
Output 100 amp at 28 VDC 11%”D
Regulation 25% (@ 200 volts Feature Shelf mounting
Cooling External Blast Type Selenium TR unit

For further information, contact :

CHATHAM ELECTRONICS

Division of

®TUNG-SOL ELECTRIC INC.

East Coast: Livingston, N. J.— Phone: Wyman 2-1100
West Coast: Culver City, Calif.— Phone: Texas O-8711
Southwest: Dallas, Texas — Phone: Fleetwood 2-7358

emiNtes  Form T-26
usA 5M—1058



c H AT H A M AIRBORNE CONVERSION EQUIPMENf

SELENIUM TRANSFORMER-RECTIFIER UNIT

DESCRIPTION — The Chatham Model 28V12 Transformer-Rectifier is a com-
pact, lightweight, static unit providing 12 amperes at 28 volts DC for motors,
control equipment, and battery charging. This unit is designed to operate from
a 400 cycle, 200 volt AC aircraft system. Convection cooled, it provides long life,
not dependent on forced air.

Noteworthy features of the 28V12 are low ripple voltage, good regulation,
vibration and shock resistance, and suitability for continuous duty at full ratings.
Low load-differential permits parallel operation of units. This unit is normally
supplied in a black wrinkle-finish, lightweight, aluminum housing. The values
shown below under “Specifications” are nominal and are intended only as a
guide. Conditions can be varied over a considerable range.

SPECIFICATIONS

INPUT (AC)

VOIRAEE «oovieieine oo oo s oo mimmsmnnsi 4 6 5 5 6 65 RUbaTHIS 64 6 95 85 S WISoava s s s 0 as 189 to 208 volts

Phase ......ccoviiiiiiiiiiii rcnesmamn o v 5 % 3 wevnenssegein v 3'n § 33 3 3 phase, 4 wire

Line Current (Full Load) . ......coueenuennnenniiiieiiiiiiiiineennns 1.2 amperes

FreqUENCY «vvvvvnnr e emmeronssssosanmmeiossiisissassisvossnssssas 380 to 420 cycles-per-second
OUTPUT (DC)

Voltage (See curve, Fig. 2). .............. e £ 5§ B § ¥ § 5 28 volts nominal

(0] 4111 SRR 12 amperes
EFFICIENCY (FUll Load): ; : « s wiwsnivsn o5 55 58 anmumentons s 5 5 5 5 5 siammmsers s o o o005 3w 76%
POWER FACTOR (Full Load). . ...ouveine et ei i i e 95%
RIPPLE NOETAGE voruis 55 5 5 ¢ 8 5 stssmorsisn 6 5 6 5 ¢ 5 5 s osmisiatios & ¢ ¥ § & § §esioimmassasins s o o o o 1 volt peak
OVERLOAD .....ooeeeiiiie i eiannes G B E 8% 5 B RSN EE § F S §E 8 W 30 amperes DC for 1 minute maximum
WEIGHT ottt e e et e e 4.8 Ibs.
SIZE . .« ovvermanacon o0 5 o s socbzsssnaion § 5 5 3 5 55 REGEEEHAS £ 5 6§ 8 5 AEHEREINE $ 8 ¥ 38 s 7" Hx 4%,,” Wx9” D
MOUNTING PROVISIONS (See diagram, Fig. 4).........covviviiieneiinnnenns Four holes
MOUNTING POSITIONS ..\ttt ittt et e e e eanae e Upright or Inverted
{100 1P Convection
ALTITUDE-TEMPERATURE RATING

At sea Vel ...ttt —65° to +100° Centigrade

At 50,000 ft.. .ottt e i —65° to +10° Centigrade
TRANSFORMER

PEMELY o0 v e oo e mrseioivonn oo oo o o o orsioimmarmions o0 0 33 5 0 @AENE G § 5 5 4 § 3 AmEEmHS Wye

SECONAAIY o vttt ettt e e e e Double, Wye-Delta
RECTIFIER ......ccvviieinnnen i BRIV  § § ¥ 8 WIS B 8§ 8§ § 4 R Selenium Stack
DUTY coocvacoin s v 505 5 6 sasesesesuins s o« s « o i msesesmsumsnnoce: o o o 8 8 S iosiom@ W £ 85 53 3 5 5 GROABRRAS Continuous
ELECTRICAL CONNECTIONS (See Fig. 3). .. .vvnueiei it Terminal Board

CHATHAM ELECTRONICS DIVISION OF TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28Vi2
~ 0 CHATHAM ELECTRONICS

APPLICATION AND NOTES

The 28V12 Transformer-Rectifier Unit is suitable for both aircraft use and ground testing of airborne equipment.
Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of weight.

Environmental conditions are no problem with the Chatham 28V12 since it has been designed to operate favorably
even under the following conditions: -

Exposure to sand and dust particles,

Exposure to atmosphere containing salt laden moisture,

Fungus growth as encountered in tropical climates,

High relative humidity even where condensation is encountered.

Resistance to the above detrimental environmental conditions insures long life without maintenance. The transformer
is class H and “is silicone impregnated. The rectifier stack is tailor-made by Chatham and is specially finished. All internal
wiring on the unit is high temperature military type.

No external cooling is required since cooling takes place by convection. A space of six inches should be allowed
both above and to the sides of the unit to insure a natural flow of air.

This unit has three positive output terminals, two of which are fused as shown on Fig. 1. Holders for spare fuses
are provided.

Both input and output connections are made at the terminal board. Melamine is the standard material for the
terminal board.

Installation is easily accomplished by securing the unit with four bolts.

The 28V12 is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is stocked
for quick shipment. This unit can be supplied to military or commercial specifications and can be modified to meet special
individual requirements.
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c H AT H A M AIRBORNE CONVERSION EQUIPMENT

SELENIUM TRANSFORMER-RECTIFIER UNIT

DESCRIPTION — The Chatham Model 28V20 Transformer-Rectifier is a compact,
light weight, static unit providing 20 amperes at 28 volts DC for motors, control
equipment, and battery charging. This unit is designed to operate from a 400
cycle, 200 volt AC aircraft system. It will provide good regulation and long life.
A blower enclosed within the housing circulates air for cooling.

Noteworthy features are vibration and shock resistance and suitability for
continuous duty at full ratings, Low load-differential permits parallel operation of
units. This unit is normally supplied in an anodized, black wrinkle-finish, light

weight aluminum housing.

There are two versions currently available: the 28V20 and the 28V20CV.
Both are designed to the requirements of MIL-P-7212. The values shown below
under “Specifications” are nominal and are intended only as a guide. Conditions .

can be varied over a considerable range.

SPECIFICATIONS
MODEL 28V20 28vV20CV
INPUT (AC)
Voltage ................o... 195 to 210 volts 190 to 210 volts
Phase .........ccoiiiiiiiinn 3 phase, 4 wire 3 phase, 4 wire
Line Current (at full load)....... 2.5 amps. 3 amps.
Frequency ................... 320 to 522 cps 380 to 420 cps

OUTPUT (DC)
Voltage (See curves, Figs. 2 & 3)

28 volts nominal

28 volts nominal

Current ........... 5. ....... 20 amps. 20 amps.
EFFICIENCY (Full Load) 70% 70%
POWER FACTOR (Full Load) 95% 95%
RIPPLE VOLTAGE (RMS) 5% 5%

OVERLOAD 50 amps. DC for 1 min. max. 50 amps. DC for 1 min. max.
WEIGHT 5.5 Ibs. 6.0 Ibs.
SIZE 5'%s” Hx 4'4” W x 8%"” D 5'%¢” Hx 4'4” W x 8%” D
MOUNTING PROVISIONS Four holes Four holes
MOUNTING POSITIONS Any Any
COOLING Blower Blower
TEMPERATURE RATING
(at sea level) —65°F to +250°F —55°C to +71°C

ALTITUDE-TEMPERATURE RATING. ... 65,000 ft. at 0°C 60,000 ft. at 22°C
TRANSFORMER

Primany’ «:::eoemmmemmnsssssss Wye Wye

Secondary ................... Delta Delta
RECTIFIER Selenium Stack Selenium Stack
DUTY Continuous Continuous
ELECTRICAL CONNECTIONS

(See Fig. 4) Terminal Board Terminal Board

CHATHAM ELECTRONICS bivisioN oF

28V20

TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28VvV20
CHATHAM ELECTRONICS

APPLICATIONS AND NOTES

The 28V20 Transformer-Rectifier unit is suitable for both aircraft use and ground testing of airborne equipment.
Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of weight.
Environmental conditions are no problem with the Chatham 28V20 since it has been designed to operate favorably,
even under the following conditions:
Exposure to sand and dust particles,
Exposure to atmosphere containing salt laden moisture,
Fungus growth as encountered in tropical climates,
High relative humidity, even where condensation will be encountered.

Resistance to the above detrimental environmental conditions insures long life without maintenance. The components
have been designed to operate at well below their limits. The transformer is class H. The primary and secondary windings
are copper with glass-silicone insulation. The transformer has high temperature silicone finish overall impregnation. The
rectifier stack is tailor-made by Chatham and is specially finished. All internal wiring on the unit is high temperature
mijlitary type.

The motor driven cooling blower is internally connected to input power and maintains constant air displacement
with increasing altitude. As altitude increases and air density decreases, the speed and volume displacement of the blower
increases. Since the unit is blower cooled, it can be mounted in any position, and the size of the components is kept at
a minimum.

Installation of the complete unit is easily accomplished by attaching the base with four bolts.

Both input and output connections are made to a terminal board. Melamine plastic is the standard material for the
terminal board. A terminal board cover can be supplied if desired.

The 28V20 is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is stocked
for quick shipment. This unit can be modified to meet special individual requirements.
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c H AT H A M AIRBORNE CONVERSION EQUIPMENT

SELENIUM TRANSFORMER-RECTIFIER UNIT

DESCRIPTION — The Chatham Model 28V25 Transformer Rectifier is a compact,
lightweight, static unit providing 25 amperes at 28 volts DC for motors, control
equipment, and battery charging. This unit is designed to operate from a 400
cycle, 200 volt AC aircraft system. It will provide good regulation and long life.
A fan enclosed within the housing circulates air for cooling.

Noteworthy features of the 28V25 are low ripple voltage, vibration and shock
resistance, and suitability for continuous duty at full ratings. Low load-differential
permits parallel operation of units. This unit is normally supplied in a dull black
enamel, lightweight aluminum housing. The values shown below under “Specifi-
cations” are nominal and are intended only as a guide. Conditions can be varied

over a considerable range.

SPECIFICATIONS

INPUT (AC)

Volage e e e 177 to 215 volts

PhaSE o e 3 phase, 4 wire

Line Current (Full Load)..........ccovviiviniiiiiieennnnnnn. 2.5 amps

FrEQUENICY s covmmminass s 555 s wnsmusmivin s 5 635 5 An0iaioss 65055 0 ms 380 to 420 cps
OUTPUT (DC)

Voltage (See curve, Fig. 2).....covuini i 28 volts nominal

CURFBNL. oo o os cmmmmmmunvossssnsmammsiome i 6 isssominiessesssses 25 amps
EFFICIENCY (Full Load). ... ...o.vnveii i e 75%
POWER FACTOR (Full Load)............ovirerininiiiiiiieiininnnen, 95%
RIPPLE 'VOLTAGE (P8AK)... ivmuwssv s s 55 s sammmmmomsmi s s s 855 oo i85 5 1 volt
OVERLOAD ..ttt ettt e e e e 62 amps DC for 1 min. max.
WEIGHT o 9.5 Ibs.
SIZE e 4%” Hx 77" Wx 11%” D
MOUNTING PROVISIONS (See diagram, Fig. 4)...........cvuvuvnenen... Four %" dia. holes
MOUNTING POSITIONS ...ttt et Any
COOLING .« e e Fan
ALTITUDE-TEMPERATURE RATING

At sea level.......ooooniiii —65°F to +160°F

At 60,000 ft.. ... ..ooomiiiii —65°F to +77°F
TRANSFORMER

Primary . Wye

SECONMAATY .« ettt Double, Wye-Delta
RECTIFIER .ttt e e e, Selenium Stack
DUTY  oi o v o0 s s 57 50 55 50 Em5E 0 « o o o v ¢ wievessimteboms o o o o + & wiesERSEE Continuous
ELECTRICAL CONNECTIONS (See Fig. 3)........c.vvunereennnnnnnnn.., Terminal Board

CHATHAM ELECTRONICS DIVISION OF TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28V25
CHATHAM ELECTRONICS

APPLICATIONS AND NOTES

The 28V25 Transformer-Rectifier Unit is suitable for both aircraft use and ground testing of airborne equipment.
Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of weight.

Environmental conditions are no problem with the Chatham 28V25 since it has been designed to operate favorably
even under the following conditions:

Exposure to sand and dust particles,

Exposure to atmosphere containing salt laden moisture,

Fungus growth as encountered in tropical climates,

High relative humidity even where condensation will be encountered.

Resistance to the above detrimental environmental conditions insures long life without the necessity of maintenance
on the transformer or rectifier. The transformer is class H and is silicone impregnated. The rectifier stack is tailor-made
by Chatham and is specially finished. All internal wiring on the unit is high temperature military type. An interphase
transformer maintains low ripple voltage and improves regulation of output from part load to full load.

The motor driven cooling fan is internally connected to input power and maintains constant air displacement with
increasing altitude. As altitude increases and air density decreases, the speed and volume displacement of the fan increases.
Since the unit is fan cooled, it can be mounted in any position and the size of the components is kept at a minimum.

Both input and output connections are made to a terminal board. Melamine plastic is the standard material for the
terminal board and terminal board cover. The terminal board cover can be inverted, thus allowing wiring from either
above or below the unit. A bonding connection for grounding the unit is located on the front of the unit. A space of at
least two inches should be allowed between the right side and the back of this unit and other equipment or bulkheads
for air intake and exhaust.

Installation of the complete unit is easily accomplished by merely attaching the base with four bolts.

The 28V25 is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is stocked
for quick shipment. This unit can be supplied to military or commercial specifications and can be modified to meet special
individual requirements.
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DIMENSIONAL DIAGRAMS
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c H AT H A M AIR-BORNE CONVERSION EQUIPMENT

(

SELENIUM TRANSFORMER-RECTIFIER UNIT 28V50C
DESCRIPTION: The Chatham Model 28V50C Transformer-Rectifier is an un-
regulated, light weight, static unit providing 50 amperes at 28 volts DC for
motors, equipment, and battery charging. This unit is designed to operate from
a 400 cycle, 200 volt AC aircraft generator. Convection cooled, it provides long
life, not dependent on forced air. It has been generously designed for extreme
reliability,

Other noteworthy features are low voltage ripple, vibration and shock
resistance, and suitability for maintenance-free continuous duty. Low load-dif-
ferential permits parallel operation of units. This unit is normally supplied in
an anodized, dull black, smooth finish, light weight aluminum housing. The
values shown in the specifications below are nominal and are intended only as
a guide. Conditions can be varied over a considerable range.

SPECIFICATIONS
( INPUT (AC)

VOIRAZE ..ottt 195 to 205 volts

PRASE ..ot e 3 phase, 4 wire

Line Current (at full load). .........cooviiiiiiiiiinn 4.5 amps.

FrEQUENCY ... ve ettt 395 to 405 cps
OUTPUT (DC)

Voltage (see Curve, Fig. 2)........cooiiiiiiinn, 28 volts nominal

CUITENT . .o eens e s s 6o 88 F 565 565 BI85 i 8 B o s 0w wimre» vio s 50 amps max.
EFFICIENCY

FUll1oad . .ovovioniencnmrmmnnonsomennenmenneoneoessmivnss 75% min.

Half 10ad .......covmesnoimsomasomsmmeusssmeyarosvmmnanes 75% min.
POWER FACTOR (full load)..........coovviiiiiiiiinienns 95%
VOLTAGE RIPPLE (RMS). ... 2.5% max.
OVERLOAD .....isvisuissasssisumenssssssiosssmssssnaesoses 125 amps DC for 1 min. max.
WEIGHT .. 15 Ibs. max.
SIZE 5”Hx9%” Wx14”D
MOUNTING PROVISIONS (See Outline Drawing, Fig. 4)............ Four '32” Dia. holes
MOUNTING POSITIONS . ... i Upright or inverted
COOLING ..o e Convection
TEMPERATURE RATING at 0 to 10,000 ft........................ —40°C to +65°C
NOMINAL ALTITUDE RATING. .......oiiiii e 10,000 ft. max.
TRANSFORMER ... e Core type

Primary ... e Wye

SECONdArY .. ...t e Double, Wye - Delta

C RECTIFIER ..o oo Selenium Stack

DUTY Continuous
ELECTRICAL CONNECTIONS (See Fig. 3)..........cco v .. Terminal Board

CHATHAM ELECTRONICS DIVISION OF TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28VS0C
CHATHAM ELECTRONICS

APPLICATIONS AND NOTES

The 28V50C Transformer-Rectifier unit is suitable for both aircraft use and ground testing of airborne equipment.
Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of weight.

Environmental conditions are no problem with the Chatham 28V50C since it has been designed to operate favorably,
even under the following conditions:
Exposure to sand and dust particles,
Exposure to atmosphere containing salt laden moisture,
Fungus growth as encountered in tropical climates,
High relative humidity, even where condensation will be encountered.

Resistance to the above detrimental environmental conditions insures long life without maintenance. The components
have been designed to operate at well below their limits. The transformer is class H and is silicone impregnated. Military
type, high temperature wire is used. The rectifier stack is tailor-made by Chatham and is specially finished. An inter-
phase transformer maintains low ripple voltage and regulates output.

No external cooling is required since cooling takes place by convection. A space of six inches should be allowed above
and below the unit.

Installation of the complete unit is easily accomplished by merely attaching the mounting feet with four bolts.

Both input and output connections are made to a terminal board. Melamine plastic is the standard material for the
terminal board and terminal board cover. The terminal board cover can be inverted, thus allowing wiring from either
above or below the unit.

The primary transformer is fitted with three voltage adjustment taps. By changing taps it is possible to compensate
for input voltage variations of 6%. To change taps it is necessary to remove the cover from the unit. The taps shown on
the schematic diagram (Fig. 1) as Ay, Ay, An, By, etc. With the taps on the subscript “L” terminals, the unit will have
lowest output voltage. Connection to the other taps may be made for higher voltage.

An internal ammeter shunt is provided with external terminals on the front of the unit. The shunt is designed to
provide a full scale reading at 50 amperes on an ammeter with a 50 millivolt movement.

The 28V50C is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is stocked
for quick shipment. This unit can be supplied to military or tcommercial specifications and can be modified to meet special
individual requirements.
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DIMENSIONAL DIAGRAMS
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c H AT H A M AIRBORNE CONVERSION EQUIPMENT

SELENIUM TRANSFORMER-RECTIFIER UNIT

DESCRIPTION — The Chatham Model 28V100 Transformer-Rectifier is a com-
pact, light weight, static unit providing 100 amperes at 28 volts DC for motors, 28v1 oo
control equipment, and battery charging. This unit is designed to operate from
a 400 cycle, 200 volt AC aircraft system. It will provide good regulation and
long life. A fan enclosed within the housing circulates air for cooling.
Noteworthy features of the 28V100 are low ripple voltage, vibration and
shock resistance, and suitability for continuous duty at full ratings. Low load-
differential permits parallel operation of units. This unit is normally supplied in
an anodized, black wrinkle-finish, light weight aluminum housing.
There are five versions of this unit currently available:
E10252, designed to modification of MIL-P-7212
E10252-3, designed to modification of MIL-P-7212
28V100-1, conforms to MIL-P-7212B
28V100-5, conforms to MIL-P-7212D
28V100-6, designed to MIL-C-7115 and MS25180
The circuitry is the same for all units except the 28V100-6 and E10252-3 ¢
on which an interphase transformer has been included to maintain even lower
ripple voltage and improve regulation of output. Input and output connections to
the various versions are shown on Figs. 4 through 7.
The values shown below under “Specifications” are nominal and are intended
only as a guide. Conditions can be varied over a considerable range.

SPECIFICATIONS
28V100-1
MODEL 28V100-5 28V100-6
( INPUT (AC)
Voltage :umsssssvssasammonins 195 to 210 volts 187 to 203 volts
Phase ....................... 3 phase, 4 wire 3 phase, 4 wire
Line Current (at full load)....... 9 amps. 9 amps.
Frequency ................... 380 to 420 cps* 380 to 420 cps
OUTPUT (DC)
Voltage (See curves, Figs. 2 & 3) 28 volts nominal 28 volts nominal
Current ..................... 100 amps. 100 amps.
EFFICIENCY (Full Load) 78% 80%
POWER FACTOR (Full Load) 95% 95%
RIPPLE VOLTAGE 2Y2% rms** 1 volt peak
OVERLOAD 250 amps DC for 1 min. max. 250 amps DC for 1 min. max.
WEIGHT 17 Ibs. 17 Ibs.
SIZE 67" H x 9%” W x 13%” D 678" Hx 9%” W x 13%” D
MOUNTING PROVISIONS Four holes Four holes
MOUNTING POSITIONS Any Any
COOLING Fan Fan
TRANSFORMER
Primary ..................... Wye Wye
Secondary ................... Double, Wye-Delta Double, Wye-Delta
RECTIFIER Selenium Stack Selenium Stack
DUTY Continuous Continuous
ELECTRICAL CONNECTIONS
(ISee Figs. 4-7) \ facl
1 P : Receptacle
Output . ..o j Terminal Board Terminal Board
ALTITUDE-TEMPERATURE RATING +125°C at sea level. Temperature per curve |,
+20°C at 60,000 ft. MS33543 (ASG) except that am-
—65°C from sea level to bient temperature shall never
60,000 ft. exceed 85°C.
( Altitude:
To 50,000 ft. as 100 amp unit
To 65,000 ft. as 50 amp unit

*E10252 is same as 28V100-1 except line frequency is 350 to 525 cps
**E10252-3 is same as E10252 except ripple voltage is 112% rms

CHATHAM ELECTRONICS DivisION OF TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28V100
CHATHAM ELECTRONICS

APPLICATIONS AND NOTES

The 28V100" Transformer-Rectifier Unit is suitable for both aircraft use and ground testing of airborne equipment.
Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of weight.

Environmental conditions are no problem with the Chatham 28V100 since it has been designed to operate favorably
even under the following conditions:

Exposure to sand and dust particles,

Exposure to atmosphere containing salt laden moisture,

Fungus growth as encountered in tropical climates,

High relative humidity even where condensation will be encountered.

Resistance to the above detrimental environmental conditions insures long life without the necessity of maintenance
on the transformer or rectifier. The transformer is class H and is silicone impregnated. The rectifier stack is tailor-made
by Chatham and is specially finished. All internal wiring on the unit is high temperature military type.

The motor driven cooling fan is internally connected to input power and maintains constant air displacement with
increasing altitude. As altitude increases and air density decreases, the speed and volume displacement of the fan in-
creases. Since the unit is fan cooled, it can be mounted in any position and the size of the components is kept at a minimum.

Installation of the complete unit is easily accomplished by merely attaching the mounting feet with four bolts. The
28V100-5 is equipped with special environment-free, all-attitude shock mounts for extreme vibration conditions.

The 28V100 is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is stocked
for quick shipment. This unit can be modified to meet special individual requirements. Other 100 amp units are available
with cooling by convection or external blast and with silicon diode rectifiers.
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28V100
CHATHAM ELECTRONICS

TYPICAL REGULATION CURVES
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CHATHAM ELECTRONICS
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c H AT H A M AIRBORNE CONVERSION EQUIPMENT

28V100BL

SELENIUM TRANSFORMER-RECTIFIER UNIT

DESCRIPTION -The Chatham Model 28V100BL Transformer-Rectifier is a com-
pact, static unit providing 100 amperes at 28 volts DC for motors, control equip-
ment, and battery charging. This unit is designed to operate from a 400 cycle,
200 volt AC aircraft system. Cooling is accomplished by an external blast of air;
this results in a unit weighing about one-half as much as similar convection or
fan cooled units.

Other noteworthy features are low ripple voltage, vibration and shock re-
sistance, and suitability for continuous duty at full ratings. Low load-differential
permits parallel operation of units. This unit is normally supplied in an anodized,
smooth black finish, light weight aluminum housing.

This unit is designed to the requirements of MIL-P-7212. The values shown
below under “Specifications” are nominal and are intended only as a guide. Con-
ditions can be varied over a considerable range.

SPECIFICATIONS

INPUT (AC)

VOItage wivoisssoss summemoms s s s 55 o SPmeEEs s § §6 5 TERREEE 8 195 to 210 volts

PHESE! vviee v v v v vee mmivmisinssinio s o o o o 0 sipemimsiosini o & 5 6 0 § s BiBiisieeciis § 3 3 phase, 4 wire

Line Current (at full load)...........cooiiiviiiiiiao... 9 amps.

FREGUBICY &5 s 555 swmmmmans s s 556 & 5 seommmmrss £ 5 4 § & Swammmss s & 380 to 420 cps
OUTPUT (DC)

Voltage (See curve, Fig. 2). ..ot 28 volts nominal

CUITeNt . . 100 amps.
EFFICIENCY (Full Load). «cvovevevvisormmmonnnoncsnssvmsomnnsss 75%
POWER FACTOR (Full Load). . .......coviiieiiii i, 95%
RIPPLE VOLTAGE (RMS). . ..ot 2.5%
OVERLOAD .. .ttt e e et 150 amps. DC for 5 min. max.
WEIGHT ovomm v s o5 55 smmmmmsns 6 5 5 + 5 4 & ssasssimnn 516 o 5 3 & s mmmiomes 9.5 Ibs.
SIZE s tinio n v 5 2 5 2 womamsnznsmsnzasdi o » 5 5 3 = wmsbonbviSiammat = & 5l & 5 chfiodaein & o 4" Hx 74" Wx 11'%” D
MOUNTING PROVISIONS (See diagram, Fig. 4).................... Four %" Dia. holes
MOUNTING POSITIONS ...t Any
COOLING ouisssosssmmmmsmsavassssdomvmimesadsssolsosmmesss s s External Blast
TEMPERATURE RATING . ..... ..o e See paragraph 4, Applications

and Notes

NOMINAL ALTITUDE RATING. ..ottt 55,000 ft.
TRANSFORMER

Primary ......... ... .l et =+ = i¢ ywnncokeoenn o x % o Wye

SECONdAry ..o Double, Wye-Delta
REGTIFIER oo s o0 sommumomposios s 55 68 mummmnsnrn i5 355 5 § womsy ie s Selenium Stack
DUTY sccisussns s v 6 55 @ 5msmiies 6 55 6 5 5 5 500054kommnii & 0 o o 2 4 # oussmomssons » o Continuous
ELECTRICAL CONNECTIONS (See Fig. 3).....coveiiiniinn... Terminal Board

CHATHAM ELECTRONICS DIVISION OF TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28V100BL
CHATHAM ELECTRONICS

APPLICATIONS AND NOTES

The 28V100BL Transformer-Rectifier Unit is suitable for both aircraft use and ground testing of airborne equip-
ment. Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of
weight.

Environmental conditions are no problem with the Chatham 28V100BL since it has been designed to operate
favorably, even under the following conditions:

Exposure to sand and dust particles,

Exposure to atmosphere containing salt laden moisture,

Exposure to aviation fuel and hydraulic fluid,

Fungus growth as encountered in tropical climates,

High relative humidity, even where condensation will be encountered.

Resistance to the above detrimental environmental conditions insures maintenance-free life. The transformer is class
H. The primary and secondary windings are copper with glass-silicone insulation. The transformer has high temperature
silicone finish overall impregnation. The rectifier stack is tailor-made by Chatham and is specially finished. All internal
wiring on the unit is high temperature military type.

Since the unit is blast cooled, it can be mounted in any position, and the size of the components is kept at a minimum.
At an altitude of 55,000 feet, two pounds per minute of air at 30°C should be provided for adequate cooling. At sea level
six pounds per minute of air at 71°C should be provided. The pressure drop across the unit is less than two inches of
water. The low temperature rating of the unitis —57°C.

Installation of the complete unit is easily accomplished by attaching the mounting feet with four bolts.

Both input and output connections are made to a terminal board. Melamine plastic is the standard material for the
terminal board and terminal board cover. The terminal board cover can be inverted, thus allowing wiring from either

above or below the unit.

The 28V100BL is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is
stocked for quick shipment. This unit can be supplied to military or commercial specifications and can be modified to

meet special individual requirements.
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28V100BL
CHATHAM ELECTRONICS

TYPICAL REGULATION CURVES
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DIMENSIONAL DIAGRAMS
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c H AT H A M AIRBORNE CONVERSION EQUIPMENT

SELENIUM TRANSFORMER-RECTIFIER UNIT

28V200

DESCRIPTION— The Chatham Model 28V200 Transformer-Rectifier is a compact,
light weight, static unit providing 200 amperes at 28 volts DC for motors, equip-
ment, and battery charging. This unit is designed to operate from a 400 cycle,
200 volt AC aircraft generator. It will provide good regulation and long life. A
fan enclosed within the housing circulates air for cooling.

Noteworthy features of the 28V200 are low ripple voltage, vibration and shock
resistance, and suitability for continuous duty at full ratings. Low load-differential
permits parallel operation of units. This unit is normally supplied in an anodized,
black wrinkle-finish, light weight aluminum housing.

There are two versions of the 28V200 currently available. The 28V200-1 is
designed to the requirements of MIL-C-7115 and MS-16103. The 28V200-2, al-
though essentially the same unit, has been designed for a slightly higher voltage
range and uses a modified output terminal board.

The values shown below under “Specifications” are nominal and are intended

only as a guide. Conditions can be varied over a considerable range.

SPECIFICATIONS
INPUT (AC)
( Line Voltage (28V200-1). . ... .. ..coieiiniiii i 187 to 203 volts
(28V200-2). . ..o 195 to 210 volts
PHASE oo+ worie s mveest = 53 5 00 7 0% 700 3 2000 3 HESd BT § B0 7 b3 590 3 phase, 4 wire
Line Current (at full load)............. oo 18 amps
FEOQUENCY: s imwis & s svces & sisiors wahs 1ot 5 WAGsis & iorn & snaliy § ses iy 380 to 420 cps
OUTPUT (DC)
Voltage (See curves, Figs. 2 & 3)..............coooii 28 volts nominal
CUITENTE 5 5 s 5 sy wmin 0 sramsis e & svoiess 375 5 SLes's PRIV ¥ srwioia wemss ¥ o 200 amps
EFFICIENCY (Full Load). ... .....oouiieii e 80%
POWER FACTOR (Full Load)...........coveuiiiiiiiiiiiaannn 95%
RIPPLE VOLTAGE . ...\ttt e 1 volt peak
OVERLOAD . ... it e 500 amps DC for 1 min. max.
WEIGHT - siisis 5 5o 5 stsinm st 5 s 7908 5 9953 V8 & W0iis & 508 + a8 9% 28 Ibs.
SIZE 7%" H x 9%” W x 16%” D
MOUNTING PROVISIONS (See diagram, Fig. 7)...........cc.coeeieinnt. Four %" Dia. holes
MOUNTING POSITIONS ... e Any
COOLING ...ttt et e e e Fan
TEMPERATURE RATING ... ... oo Per curve |, MS33543(ASG)
(Except that ambient
temperature shall never
exceed 85°C)
NOMINAL ALTITUDE RATING
As 200 amp nominal unit. .......... ... 50,000 ft. max.
As 100 amp nominal unit.. ... ... . 65,000 ft. max.
TRANSFORMER
PHIMANY: sl o s simss wississ » oo slooonms o4 & oiim s 060 B Wate's WIias & 0% 3 Wye
SECONAATY ..\ttt Double, Wye-Delta
RECTIFIER .. v v v eieee ovimie o s 3 78 5 65800 5 siinss 595075 & siaios 5 #0oi 8 S8 4 Selenium Stack
( DUTY e Continuous
ELECTRICAL CONNECTIONS
Input (See Figs: 8): wscus s s 5 ssvms 5 eomms s sossns @ wovmans s s swnion wvssng « “AN" Receptacle
Output (See Figs. 5 & 6)....oveniei i Terminal Board

CHATHAM ELECTRONICS DivISION OF TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28V200
CHATHAM ELECTRONICS

APPLICATIONS AND NOTES

The 28V200 Transformer-Rectifier Unit is suitable for both aircraft use and ground testing of airborne equipment.
Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of weight.

Environmental conditions are no problem with the Chatham 28V200 since it has been designed to operate favorably
even under the following conditions:
Exposure to sand and dust particles,
Exposure to atmosphere containing salt laden moisture,
Fungus growth as encountered in tropical climates,
High relative humidity even where condensation will be encountered.

Resistance to the above detrimental environmental conditions insures long life without the necessity of maintenance
on the transformer or rectifier. The transformer is class H and is silicone impregnated. The rectifier stack is tailor-made by
Chatham and is specially finished. An interphase transformer maintains low ripple voltage and improves regulation of
output from part load to full load. All internal wiring is high temperature military type.

The motor driven cooling fan is internally connected to input power and maintains constant air displacement with
increasing altitude. As altitude increases and air density decreases, the speed and volume displacement of the fan increases.
Since the unit is fan cooled, it can be mounted in any position and the size of the components is kept at a minimum.

Installation of the complete unit is easily accomplished by merely attaching the mounting feet with four bolts.

Input connections are made by means of a standard “AN” receptacle. Output connections are made to a terminal
board.

The 28V200 is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is stocked
for quick shipment. This unit can be modified to meet special individual requirements.
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28V200
CHATHAM ELECTRONICS

TYPICAL REGULATION CURVES
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c H AT H A M AIR-BORNE CONVERSION EQUIPMENT

SILICON TRANSFORMER-RECTIFIER UNIT
28VSSO0

DESCRIPTION: The Chatham Model 28VS50 Transformer-Rectifier is a compact,
light weight, static unit providing 50 amperes at 28 volts DC for motors, control
equipment, and battery charging. This unit is designed to operate from a 400
cycle, 200 volt AC aircraft generator. It will provide good regulation and long
life. A fan enclosed within the housing circulates air for cooling. The rectifier
assembly is made up of silicon diodes.

Noteworthy features of this unit are low ripple voltage, vibration resistance,
and suitability for continuous duty. Low load-differential permits parallel opera-
tion of units. This unit is normally supplied in an anodized, black wrinkle-finish,
licht weight aluminum housing. The values shown below in the specifications
are nominal and are intended only as a guide. Conditions can be varied over

a considerable range.

SPECIFICATIONS
INPUT (AC)

( VOMAZE vvvs o v scrincessmocsis o 2 m 6 o susimisioisni s 3 8 5 5 Bisfisiios d & 5 § & Bavemommioss 195 to 205 volts
PRaSE ..t e 3 Phase, .4 wire
Line Current (at full load)............ ... ..., 4 amps
FEEQUENEY .« v s s o s 5 vnmmmmne 5 5 5 & prmmenwn s 5§ 3 sowmmens & 380 to 420 cps

OUTPUT (DC)
Voltage (See curve, Fig. 2) ...........cooiiiiiiiiiiii 28 volts nominal
CUITENT 55 o5 canmuimsnnsssssamomnss § 46 amuemes s § 75 & haamas s » 50 amps max.
EFFICIENCY
Full Load ... i 85% min.
Half Load ...........cciiiiiii i 80% min.
POWER FACTOR (Full Load) . ..........cviriiiiiii e 90%
RIPPLE VOLTAGE . ... ... e 1 volt peak
OVERLOAD .. ..ttt e e e 125 amps DC for 1 min. max.
WEIGHT . .ciinnnsssissimammmnnsnsnmmmmmnsesssssimsmsmssssnns Less than 9.5 Ibs.
SIZE ;¢ susromim 555 5 5 5o BmwES § 55 5 Dadeiiinga §5 85 Losiatnad 55§ 8 i 5%s” Hx 6” W x 8%2” D
MOUNTING PROVISIONS ... NAS 622
MOUNTING POSITION ... ..o e Any
COOLING ...ttt e e Fan
NOMINAL TEMPERATURE RATING
At Sea Level ... .. .o i —55°C to +85°G
AE 60,000 T « .. oumsionmmn o155 0555055 o 0 5 0 o mmmmsmmrsmstn o ¢ o o susesscs —55°C to +20°C
TRANSFORMER
Primary ... Delta
Secondary . ... Fork
RECTIFIER ... e Siljcon Diodes
DUTY Continuous
( ELECTRICAL CONNECTIONS
- Input and Shunt (See Fig. 7)....... ..., Receptacle
Output (See Fig. 6)...... ..., Terminal board

CHATHAM ELECTRONICS DivISION OF TUNG-SOL ELECTRIC, INC., LIVINGSTON, N. J.



28VSSO0
CHATHAM ELECTRONICS

APPLICATIONS AND NOTES

The 28VS50 Transformer-Rectifier Unit is suitable for both aircraft use and ground testing of airborne equipment.
Special emphasis has been placed on designing this unit to take a minimum of space and to have a minimum of weight.
Environmental conditions are no problem with the Chatham 28VS50 since it has been designed to operate favorably
even under the following conditions:
Exposure to sand and dust particles,
Expose to atmosphere containing salt laden moisture,
Fungus growth as encountered in tropical climates,
High relative humidity even where condensation will be encountered.

The transformer is class H. The core is tape wound for high efficiency and low excitation. The primary winding has
ceramic insulation and the secondary winding is insulated with silicone impregnated glass. The entire transformer is
vacuum impregnated with silicone varnish.,

The rectifier consists of stud mounted silicon diodes. They are mounted on a suitable heat sink to provide effective
cooling under all operating conditions. The diodes are hermetically sealed and individually replaceable. They are custom-
made at Chatham Electronics’ own plant. All internal wiring on the unit is high temperature military type.

The motor driven cooling fan is internally connected to the input power and maintains constant air displacement

with increasing altitude. As altitude increases and air density decreases, the speed and volume displacement of the fan
increases. This increase is approximately three fold from sea level to 40,000 feet. Since the unit is fan cooled, it can be

mounted in any position, and the size of the components is kept at a minimum.

Input connections are made hy means of a receptacle. The A, B, C and D pins are AC input. Connections for the
internal ammeter shunt are made through the same receptacle; the E and F pins are, respectively, the positive and nega-
tive shunt connections. The shunt is rated at 75 amps, 50 millivolts.

Output connections are made to terminals on a barrier type, melamine plastic terminal board. The terminal board
cover is made of the same plastic and can be inverted thus allowing output wiring to either above or below the unit.

Installation of the complete unit is easily accomplished by sliding the NAS 622 hooks (at front of unit) and the
beveled tongue (at back of unit) under mounting brackets and tightening nuts on hold-down clamps.

The 28VS50 is one of a complete line of transformer-rectifier units produced by Chatham Electronics and is stocked
for quick shipment. This unit can be supplied to military or commercial specifications and can be modified to meet special

individual requirements.
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CHATHAM ELECTRONICS
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CHATHAM ELECTRONICS

DIMENSIONAL DIAGRAMS
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RADIATION DETECTION
EQUIPMENT




Mass production of many thousands of Survey Meters for the
Federal Civilian Defense Administration and the Services
has made CHATHAM one of the leaders in the radiation
SU RVEY METERS field. This experience in design and production assures a
reliable and accurate instrument in every range. Whether
a Geiger-Mueller tube or hermetically-sealed ionization
chamber is used as the detector, the results are field proven.

A beta-gamma discriminating Geiger-Mueller tube survey meter
with probe—.5, 5 and 50 mr/hr full scale.

e Specifically designed to comply with the F.C.D.A. specifications CD
V-700 for low range Civil Defense survey meter for operational life,
accuracy, spectral response, temperature, immersion, humidity,
altitude, shock and vibration.

° (Fj’rir!ted circuit and die-cast case assures compact and rugged
esign.

e Standard batteries easily accessible give 150 hours continuous
operation. Small radioactive source attached for checking correct
operation.

e Intensity at probe is read on rugged meter or headphone supplied.

e Agammaand X-Ray detecting ionization chamber survey meter with
three ranges —.5, 0-5, 0-50 r /hr full scale.

e Specifically designed to comply with the F.C.D.A. specifications CD
V-710 for a medium range Civil Defense survey meter for operational
life, accuracy, spectral response, temperature, immersion, humidity,
altitude, shock and vibration.

e Batteries can be easily replaced without disturbing critical circuit
components which are enclosed in a seperate gasketed compartment.

e A battery check position and zeroing adjustment are provided to
assure correct operation at all times.

e Also available on special order with the CHATHAM exclusive inter-
nal calibration check.

e A beta-gamma discriminating ionization chamber survey meter with
three ranges . . . 0-5, 0-50, 0-500 r/hr full scale. Beta excluded by
sliding shield.

Specifically designed to comply with the F.C.D.A. specifications CD
V-720 for a high range Civil Defense survey meter for operational life,
accuracy, spectral response, temperature, immersion, humidity,
altitude, shock and vibration.

Powered by one “D"’ size flashlight cell and two 225 volt hearing aid
batteries to give 150 hours continuous operation.

e A battery check position and zeroing adjustment are provided to
assure correct operation at all times. Luminous points on the meter
scale and needle enable the operator to read the amount of radiation
in the dark.

® Also available on special order with the CHATHAM exclusive inter-
nal calibration check.

ADDITIONAL CHATHAM RADIAC DEVICES

RADIAC SET AN/PDR-27J: A four range Geiger instrument for SCINTILLATION COUNTER-MODEL SC-102: A Crystal Scin-
NAVY Bureau of Ships. tillator with 6 ranges (.003-1.0 mr/hr) for very low in-
CURPISTORS: Miniature, constant current regulators in ranges of tensity measurement and prospecting.

—9 2

10 fo'IO~ amperes. Write for further information.



DOSIMETER
CHARGERS and
COMBINATIONS

MODEL

XA-100B

Most instruments for the detection of nuclear radiations require
high voltages but relatively low currents. CHATHAM has devel-
oped a miniaturized power supply based upon one of the oldest
principles of electricity, commonly referred to as frictional elec-
tricity. By employing some of the new plastic materials, the power
supply operates over a wide temperature range (—55° C to
+55° C) without batteries or electronic tubes, and with an
indefinite shelf life. Our Model XA-100A charger has found
wide use as a supply for self-indicating dosimeters for the armed
services and industry.

Shown below is the improved Model XA-100B Charger with
the types of pen dosimeters it so easily and reliably charges.

e  Can accommodate any commercial, Civil Defense or military quartz
fiber dosimeter using a diaphragm type switch whose barrel diameter
is .497” to .538”.

e Does not require any batteries of any kind, and life is virtually
unlimited.

e Is simple to operate under even the most severe field conditions.
Smooth, continuous knob control—both positive and negative,
allows fast and accurate zeroing.

e Light, portable unit, completely ruggedized but small enough to be
conveniently carried in the user's pocket.

Approximate size: 2% ” x 1 1/16 x 2” overall.
Weight: 5 ounces.

Built-in voltage regulator to prevent excessive overcharging of
the dosimeters.

A recent development combines a dosimeter with a self-contained
charger. The result has been a rugged, complete unit which incor-
porates a self-indicating quartz fiber dosimeter and one of our
friction generators. Model CH-800 can be supplied in ranges
of 200 milliroentgens to 1000 roentgens.

Completely self-contained charger and quartz fiber dosimeter.

e Increases the usefulness and flexibility of quartz fiber dosimeters by
completely eliminating the need for a separate charging unit.

e Instrument can be comfortably clipped into a pocket or on a belt.

e Is simple to operate under even the most severe field conditions.
Smooth, continuous knob control—both positive and negative,
allows fast and accurate zeroing.

e (Can be supplied with dosimeter range to meet customer’s require-
ments.

e Will meet military specifications for accuracy, spectral response,
leakage, temperature, immersion, vibration and shock.

Friction charger. No batteries. Long life.

Built-in voltage regulator to prevent excessive overcharging of
the dosimeters.

SPECIAL PRODUCTS: The radiological group at Chatham who have developed
many special instruments for the Air Force, Signal Corps and Navy will be pleased

to develop instruments to your specific requirements.
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 TUNG-SOL/ CHATHAM

-

SELENIUM RECTIFIER DESIGN QUESTIONNAIRE

L L L LT

2. Intended Application:

1. Company:

Address:

Name:

Position:

Circuit:

Type of Load: Resistive Inductive Capacitive

Motor Blocking Dc

No. of Cells

Battery: Type Amp-Hr

Cell Arrangement.

Charging Volts/Cell

Charging Amp/Cell

Charging Method

D-C Output: volts at

amperes,

% regulation from

% load to

Ambient Temperature at Stack: °C

Cooling: Convection Forced Air

°F nominal,

% load

°C °F maximum

Linear Feet/Minute

Intermittent

Duty Cycle: Continuous

3. Input Data: volts min

Describe

volts max

peak inverse volts

cycles/sec

line surge

4. Applicable Military Specifications:

5. Protective Coating Required:

6. Space Available:

7. Type of Mounting Required:

8. What Is of Prime Importance: Life Compactness

Cost Efficiency

9. Quantity

10. Customer’s Drawing No

Delivery

Attached To Follow

Customer’s Test Spec No

Attached To Follow

PLEASE SKETCH SCHEMATIC DIAGRAM AND DESIRED MOUNTING DATA ON BACK OF PAGE



TUNG-SOL /CHATHAM

SCHEMATIC DIAGRAM

DQ-2

DESIRED MOUNTING DATA

When completed mail to —

COMMERCIAL ENGINEERING DEPARTMENT
TUNG-SOL ELECTRIC, INC., CHATHAM ELECTRONICS DIVISION
630 W. Mt. Pleasant Avenue, Livingston, N. J.

WYman 2-1100
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TINUOUS OPERATING AT
LIFE CURVE

CHATHAM ELECTRONICS
division of TUNG-SOL ELECTRIC INC.

«*M CHATHAM
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REVERSE] | |
& FORWARD | g
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ON THREE | |

SELENIUM RECTIFIERS

LIGHTER SMALLER STRONGER
UNEXCELLED IN PERFORMANCE

D.C. CURRENT RATING OF VARIOU

€3
[ rorwaro R 5
. o 98
——— 1% Voltage Rating Per Cell B A C P
5 3 ; Norm. Wide Norm. Wide @ Norm. Wide Norm. Wide
Space Space Space Space Space Space Space Space
DC L.
RMS | Block | Circuit 1X1 1% X 1% 1% X 1% 1% X 1%
H 0085 0106 0150 0.187 0200 0250 0250 0.315
148 0170 0212 0300 0375 0400 0500 0500 0.625
—r—rrrrrrr——eee v 0y 2y c 0.170  0.212 0.300 0.375 0.400  0.500 0.500 0.625
- H 0233 0291 0432 0540 0566 0708 0713 0.8l
- 348 0256 0320 0474 0592 0622 0777 0784 0980
t‘) c 0310 0387 0575 0575 0754 0943 0950 1.187
H 0.091 0114 | 0169 0211 | 0221 0276 | 0279 0.349
S 148 0.183 0228 | 0338 0422 | 0443 0552 | 0559 0.698
1 g BY | 0S5V c 0183 0228 | 0338 0422 | 0443 0552 | 0559 0.698
= 0" _— - H 0249 0311 | 0462 0577 | 0604 0750 | 0762 0.952
)] w 3¢ 8B 0274 0342 | 0506 0632 | 0664 0830 | 0838 1047
la) E > c 0331 0413 | 0613 0766 | 0.806 1008 | 1016 1270
& ) w H 0098 0122 018 0228 0239 0299 0301 0376
(@) 1¢B 0.197 0244 0364 0456 0477 0598 0602 0.752
0 Z Q BV By c 0.197 0244 0364 0456 0477 0598 0602 0.752
w - = H 0267 0334 049 0620 0650 0812 0819 1.024
b3 3¢ B 0294 0367 0546 0682 0715 0.883 1.125
0 & 2 c 0357 0446  0.662 0827  0.866 1.094 1367
i ™ W H 0104 0130 | 0192 0240 | 0252 0315 | 0317 039
> -4 148 0207 0260 | 0384 0480 | 0504 0630 & 0634 0.792
L [ uy 27V c 0207 0260 | 0384 0480 | 0504 0630 = 0634 0792
O o) ) H 0284 035 | 0528 0660 | 0691 0863 | 0872 1.090
o 348 0310 0387 | 0576 0720 | 0754 0943 | 0950 1185
9 L c 0377 04 1.156  1.445
w w 8} 3 71 | 0700 0875 | 0916 1145
8
§ 4 2 H 0113 0141 0206 0257 0270 0337 0340 0.425
.8 = 3 1¢ B 0225 0282 0412 0514 0540 0674 0681 0.850
. - %5 c 0.225 0282 0412 0514 0540 0674 0681 0.850
o a2y v H 0303 0379 0561 0701 0735 0920 0926 1.15
3 ~d 348 0333 0416 0617 0771 809 1010 1020 1275
c 0403 0504 0749 0936 0992 1240 1236 1.546
2 L
H 0119 0148 | 0220 0275 | 0289 0361 | 0364 0455
wv 1¢ 8B 0238 0296 | 0441 0550 | 0578 0722 | 0728 0910
i 0V v c 0238 029 | 0441 0550 | 0578 0722 | 0728 0.910
L R - H 0323 0404 | 0599 0750 | 0783 0979 | 0984 1230
MULTIPLE OF (™ 348 0.356 oggs 0.660 0.824 0.864  1.080 1.088  1.360
c 0.431 0538 | 0800 1000 | 1047 1308 | 1320 1.650
NORMAL LOAD CURRENT L
H 0130 0162 0238 0297 0311 0388 0392 0490
D= 148 0260 0324 0475 0594 0622 0776 0784 0988
-] c 0260 0324 0475 0594 0622 0776 0784 0988
— By nsv H 0349 0436 0647 0809 0848 105 1068 1350
v 348 0384 0480 0712 080 0932 1165 1175 1470
2 c 0466 0583 0865 1082 1131 1415 1425 1781
b~ H 0136 0170 | 0253 0316 | 0331 0414 | 0409 0511
INITIAL Q 1¢ B 0273 0340 | 0506 0632 | 0.663 0828 | 0837 1022
c 0.273 0340 | 0506 0632 | 0663 0828 | 0837 1022
REVERSE CURRENT b BV | 25V H 0372 0465 | 0690 0862 | 0905 1132 | 1141 142
CHARACTERISTIC z 3¢ 8B 0.409  0.511 0.760 0.950 | 0.992  1.240 1.255  1.568
= c 049 0620 | 0920 1150 | 1205 1506 | 1522 1903
o H 0.148 085 0276 0345 0362 0453 0456 0570
@ 148 0297 0370 0553 0690 0724 0906 0913 1140
o ¢ 0297 0370 0553 0690 0724 0906 0913 1140
z =3 uv w9y H 0407 0509 0753 0942 0988 1235 1245 1555
(¥ 348 0448 0560 0830 1036 1087 1358 1371 1714
4 c 0.543 0678 1007 1258 1320 1650 1662 2.075
)
0 - H 0.165 0212 | 0308 0385 | 0405 0506 & 0510 0638
> T 14 B 0330 0424 | 0617 0770 & 0809 1012 | 1020 1276
o - av | sy c 0330 0424 | 0617 0770 | 0809 1012 | 1.020 1276
o T ’ H 0454 0568 | 0842 1051 | 1104 1380 & 1390 1738
< 368 0498 0622 | 0925 115 | 1213 1516 | 1528 1910
- c 0605 0751 | 1122 1.403 | 1471 1838 | 1853 2317
H
« H 0187 0234 0348 0435 045 0570 0575 0719
1¢ B 0375 0468 0696 0870 0912 1140 1150 1438
Y c 0375 0468 0696 0870 0912 1140 1150 1438
av H 0511 0639 0950 1.187 1243 1554 1566 1.959
348 0563 0704 1045 1306 1368 1721 1725 2158
c 0682 0850 1265 1582 1657 2070 2.090 2611

IME (MINUTES)

H-HALF WAVE B-BRIDGE C-CENTER TAP




AMBIENT D-C CURRENT VOLTAGE
These exclusive Tung-Sol/Chatham features are the result of years TEMP. % NORMAL PER CELL
of pioneering achievement in the design, development and produc- T —ToF % NORMAL
tion of custom-made Selenium rectifiers to specific applications. - L gg : gg
45°C - 113°F 100 80
Whatever your requirements, High Current Density—Low Voltage (20 75 100
to 30 Volt cells), Low Current Density—High Voltage (32 to 40 Volt 50°C - 122°F 100 80
cells), or any other combination—Tung-Sol/Chatham’s unapproached A 5 70 80
- A Ve o e s i " 55°C - 131°F 100 60
experience in this highly specialized field is readily yours. Please
contact Engineering Department, CHATHAM ELECTRONICS, Divi- 60°C - 140°F ‘;5 gg
sion of TUNG-SOL ELECTRIC, INC., Livingston, N. J. 42 50 g
o o
65°C - 149°F 60 50
20 60
o o
: ; 1) 70°C - 158°F 0 50
D Y ¢ M F N K R J v X
Norm. Wide Norm. Wide Norm. Wide Norm. Wide Norm. Wide Norm. Wide Norm. Wide Norm. Wide Norm. Wide Norm. Wide Norm. Wide
Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space Space
1% X 1% 2X2 236 X 23/6 3x3 3% X 3% 4X4 4% X5 4X6 5X6 6X6 6% X7V
0350 0437 0500 0625 0600 0750 1200 150 16p iiigas 005 | 2700 L 4R100 ¢ 53,764 3AbL L 43 LAeh) 53 50l R25L. 63T . 80
0700 0875  1.000 1.250 1200 1500 2400 3.00 300 375 45 56 60 75 68 861 85 106 100 125 1275 159
0700 0875 1000 1250 1200 1500 2400 3.00 300 375 45 56 60 75 68 861 85 106 -10.0- 125.-. 1275 " 159
1050 1310 1348 1684 1681 2100 3485 4355 400 500 475 59 B0 100 . 9397 L7 LRSS IRA . A3ST 697 1727 il
1155 1444 1484 1853 1681 2311 385 480 450 560 65 81 90 112 103 129 ‘=275 160 ° 150 187510 ‘19120 240
1400 1750 1795 2242 2240 3000 4650 5810 550 690 80 100 1.0 1375 125 156 1550 194 182 228 2325 291
0412 0515 | 0528 0660 | 0659 0823 | 1368 1709 | 165 206 | 25 3.1 33 412 368 46 | 46 575 54 675! 69 85
0824 1030 | 1056 1320 1318 1646 | 2735 3418 | 330 412 | 50 62 66 825 737 92 | 93 116 | 110 1375 | 139 174
0824 1030 | 105 1320 1318 1646 | 2735 3418 | 330 412 | 50 62 66 825 | 737 92 | 93 116 | 110 1375 | 139 174
1123 1403 | 1440 1.800 1795 2241 | 3728 4655 | 440 552 | 63 78 88 110 | 1000 123 | 126 1575 | 148 185 | 189 231
1235 1544 | 1584 1980 1975 2470 | 4100 5126 | 500 625 | 70 87 99 124 | 1140 142 | 140 175 | 165 206 | 210 2575
1500 1875 | 1922 2.400 2400 3000 | 4971 6215 | 600 750 | 85 106 | 120 150 | 1330 166 | 170 212 | 200 250 | 255 3138
0438 0547 0569 0711 071005 0888 I TMZINRIRAD S SaaL 206 26 395 345 | A3 1302 e LAON T IORT. kg 8 7357 190
0877 1094 1138 2276 1420701776 2042, 4°3680. © 345 430 52 .. G5 . 69 .86 . 83 98 L ‘98 922 115, - U4 - o 83
0877 1094 1138 2276 1420 1776 2942 3 TR T ST TR 1R et 11 R e e 1 T Sl 10 o 1 R R T
1205 1 1537 1.922 1930 2415 4000 5000 460 575 66 825 92 115 108 135 132 165 155 194 198 252
657 1703 7130 2125 2655 < 4408 5500 520 650 73 .91 1030 129 19 149 W7 184 . 1730206 - 220 216
1610 2013 2065 2580 2578 3220 5340 6680 630 780 90 112 1260 1575 144 180 178 222 210 262 287 333
0467 0584 | 0600 0.750 0797 099 | 1550 1938 | 18 230 | 275 34 368 460 417 521 | 52 65 | 61 16 78 975
0934 1168 | 1200 1500 1494 1992 | 3100 386 | 370 460 & 55 68 735 92 | 834 104 | 104 130 | 122 1525 | 156 195
0934 1.168 | 1200 1500 1494 1992 | 3100 3876 | 370 460 @ 55 68 735 92 | 834 104 | 104 130 | 122 1525 | 156 195
( 1288 1604 | 1646 2.058 2052 2569 | 4262 5330 | 490 612 | 72 90 980 122 | 115 144 | 141 176 | 166 208 | 2115 264
1400 1750 | 1797 2246 2240 2800 | 4650 5810 | 550 68 | 80 100 | 1.0 1375 | 125 156 | 156 195 | 184 230 | 234  27.25
1705 21130 | 2188 273l 2725 3408 | 5660 7.075 | 675 845 | 100 125 | 135 169 | 152 19.0 | 190 238 | 224 280 | 285 357
0.501 0644 0805 0803 1004 1666 2082 195 244 292 365 39 48 449 511 55 68 65 81 825 102
1 1252 1288 1610 1606 2008 3 4164 ' 390 488 585 23 78 975 897 102 110 1375 130 1625 165 - 205
1003 1252 1288 1610 1606 2008 3.333 4.164 390 48 58 7.3 78 975 - 870 T027  JULQs 3751300 MaE25l 16555 cens
1.364 17531 2,190 - 2.185 " 2730 45311 5660 | 520 4 .650° 77 96 104 130 iI28 . 160 1507 1875 176 1220 . 225 1280
1.875 2412 2405 3006 4990 6240 58 730 85 106 117 146 134 167 166 208 195 244 249 310
1818 2275 2338 2921 2913 3645 6042 7 715 895 111 1375 143 179 162° 205 202 - 252 240 300  30.3.3<8h8
R e
0537 0672 | 0689 082 | 0858 1072 | 1783 2230 | 210 265 | 31 385 | 42 525 | 48 60 | 60 75 | 70  815| 90 1125
1074 1344 | 1378 1724 1717 2144 | 3566 4460 | 42 525 | 63 79 84 105 | 960 120 | 119 149 | 140 175 | 178 2235
1074 1384 | 1378 1724 1717 2144 | 3566 4460 | 42 525 | 63 79 84 105 | 960 120 | 119 149 | 140 175 | 178 2235
1459 1822 | 1872 2340 233 2917 | 482 6055 | 560 700 | 80 100 | 112 140 | 130 162 | 161 200 | 190 238 | 2415 300
1606 2008 | 2061 2578 2570 3210 | 5330 6660 | 630 780 | 90 112 | 126 1575 | 144 180 | 178 222 | 210 262 | 267 333
1947 2432 | 2500 3.120 3114 3890 | 6460 8070 | 770 960 | 1.0 137 | 154 1920 | 174 217 | 217 270 | 255 319 | 322 405
0578 0722 0740 0924 0924 1155 1919 2395 225 280 337 42 45 562 52 65 64 80 15 94 96 120
i 444 1481 1848 1848 2310 3 4790 445 560 675 84 90 112 104 130 1275 160 150 . 1875 190 240
1156 1444 1481 13848 1848 2310 3838 4790 445 560 675 84 90 112 104 130 1275 160 150 1875 190 240
1576 1970 2020 2524 2519 3147 5230 6540 600 750 86 1075 120 150 141 176 172 204 202 252 258 306
1732 2167 2220 2776 2770 3462 5750 7.190 675 845 95 119 135 169 155 194 191 240 225 281 286 360
2100 25625 3375 3360 6970 8720 825 106 121 150 165 206 188 235 242 302 285 356 363 453
0616 0770 | 0791 0988 | 098 1233 | 2040 2550 | 240 300 | 360 45 48 60 | 55 688 68 85 | 80 100 | 102 1275
1232 1540 | 1582 1976 1973 2466 | 4080 5100 | 48 60 720 90 | 96 120 | 110 138 | 136 170 | 1600 2900 | 204 255
1232 1540 | 158 1976 1973 2466 | 4080 5100 & 48 60 720 90 | 96 120 | 110 138 | 136 170 | 1600 20.00 | 204 255
1680 2100 | 2158 2697 2690 3360 | 5580 6975 | 64 80 92 115 | 128 160 | 150 187 | 184 230 | 21.6 27.0 | 276 345
1847 2310 | 2372 2969 | 2958 3695 | 6140 7680 | 72 91 | 102 127 | 144 180 | 165 212 | 204 255 | 245 306 | 306 3825
2240 2800 | 2875 3590 | 3588 4480 | 7.440 9300 | 88 110 | 124 155 | 176 220 | 200 250 | 248 310 | 290 362 | 372 465
0673 0841 0 1080 1077 1 2737 12795 | 262 328~ 390 . A85 525 655 60 75 “7as ' 93 475 MO0T CILg 139
1346 1682 1728 2160 2155 2692 4475 550 525 656 780 99 105 131 120 150 149 186 175 220 223 2719
1346 1682 1728 2160 2155 2692 4475 550 525 656 780 99 105 131 120 150 149 186 175 220 223 279
1837  2.295 945 2940 3675 7520 70 875 100 125 140 175 164 205 200 250 235 294 300 375
2040 2550 2595 3241 3235 4040 6710 838 785 980 111 1375 157 196 181 226 223 280 265 331 3345 420
2450 3120 3145 3930 3925 8150 10170 96 120 135 168 1392 240 219 274 2.1 340 320 400 406 510
0751 0949 | 0965 1206 1203 1504 | 2493 3117 | 30 375 | 45 56 60 75 | 68 85 | 85 106 | 100 125 | 1275 159
1501 1898 | 1929 2412 | 2405 3008 | 4985 623 | 60 750 | 90 112 | 120 150 | 135 170 | 170 200 | 200 250 | 255  30.0
1501 1898 | 1929 2412 | 2405 3008 | 4985 6234 | 60 750 | 90 112 | 120 150 | 135 170 | 170 200 | 200 250 | 255 300
2095 2620 | 2630 3290 | 3280 4.100 | 6800 8500 | 80 100 | 115 143 | 160 200 | 183 229 | 230 288 | 270 338 | 345 432
2250 2810 | 2890 3610 | 3605 4508 | 7475 9340 | 9.0 1.2 | 130 1625 | 180 225 | 202 255 | 255 320 | 300 375 | 3825 480
2730 3411 | 3500 4375 | 4365 5460 | 9070 11330 | 11.0 137 | 155 194 | 220 275 | 244 305 | 310 388 | 365 456 | 465 582
0847  1.057 1 135 1693 2810 3514 330 412 49 61 66~ g5 fige rYes T < 935 17 110 = 13760 1410078
( 1695 2114 2175 2720 2710 3386 5620 7028 660 825 99 122 132 165 152 190 187 234 220 275 280 351
1695 2114 2175 2710/ 338 - 5620 7:028' -{i660 825 99 122 132 165 - 152 11800 187 234 220 275" 280 351
2310 2890 2968 3710 3695 4620 7670 9590 880 110 130 1625 176 220 207 259 253 316 2975 371 3795 474
2545 3181 3268 4.085 4070 5090 8450 10560 99 124 145 181 198 246 228 285 280 350 330 413 420 52
3080 3850 3957 4940 4928 6160 10230 12780 121 151 175 215 242 302 276 345 340 425 400 500 510 6375

Above ratings are for 8 or more cells per assembly, down in output voltage. Ratio of current densities of
ambient 35°C, resistive or inductive load, convection 20 and 40 volt cells—2.2 to 1.0. Forced air cooling
ooled fa 0 000 H H H o/ 400 H H




SELENIUM
RECTIFIERS

Lighter
Smaller

Stronger

Unexcelled
in Performance

SALES: Service Equipment Electronics Inc. ~ Tung-Sol Electric Inc.
; 4500 Euclid Avenue 2334 Havenhurst
Cleveland 3, Ohio P. 0. Box 14348
Dallas 34, Texas

Tung-Sol Electric -Inc.
630 W. Mt. Pleasant Ave. 5439 West Division St.

Withers & Ropek Tung-Sol Electric Inc.

8575 Washington Blvd.
Culver City, California

Livingston, New Jersey Chicago 51, Illinois

TUNG-SOL PRODUCTS

ELECTRON TUBES

Industrial, Commercial and
Military Tubes

Receiving Tubes
Cathode Ray (Picture) Tubes

LAMPS

Miniature Incandescent Lamps
Neon Indicator Lamps
Miniature “Baseless” Lamps
Special Purpose and Military Lamps
Sealed Beam Lamps

ELECTROSWITCHES

Automotive Flashers
Industrial Flashers
Relays
Circuit Breakers

SEMICONDUCTOR
PRODUCTS
Transistors
Selenium Rectifiers
Silicon Rectifiers

EQUIPMENT

~ Airborne Power Supplies

Radiation Detection Equipment
(Radiac)

TUNG-SOL ELECTRIC INC.
95 EIGHTH AVENUE
NEWARK 4, NEW JERSEY

Printed in U.S.A. Form No. T-37
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& TUNG-SOL ELECTRIC INC.
95 EIGHTH AVENUE, NEWARK 4, N. J.



) TUNG-SOL...

The new Tung-Sol series of diffused junc-
tion silicon rectifiers offers controlled qual-
ity that surpasses rectifiers made by any
other methods.

Negligible voltage drop, stable low leak-
age, ability to withstand high current surges,
freedom from junction stresses resulting
from thermal cycling—all contribute to
higher-than-standard performance. Plus,
low junction power loss holds junction tem-
perature down for overall increased relia-
bility and longer life.

Special insulated epoxy encapsulation
fosters excellent electrical behavior and pro-
vides top resistance to moisture and thermal
shock. Also, it widens mounting flexibility,
permitting installation in the same easy
manner as resistors and capacitors with no
additional hardware.

Transistorized and other power supplies,
blockers, DC to DC converters, radio, TV
—these represent just a sampling of the
many places Tung-Sol’s new, special-design
silicon rectifiers can be put to good use.

)

o

1% min

3” Nom.

=0

—4{ 7 |.— 200 Diam

—{fe— .036"” Diam.
Nom.

1N2072 1N2073 1N2074 1N2075 1N2076 1N2077 1N2078 1N2079

ABSOLUTE MAXIMUM RATINGS (100°C AMBIENT) RESISTIVE OR INDUCTIVE LOAD

JEDEC Type Number 1N2072 [1N2073 [1N2074 [1N2075 [1IN2076 |1N2077 |1IN2078 | 1N2079
Peak Inverse Voltage Volts 50 100 150 200 250 300 400 500
Continuous DC Working Voltage Volts 50 100 150 200 250 300 400 500
RMS Applied Voltage (resistive load) Volts 35 70 105 140 175 210 280 350 |
Average DC Output Current* mAdc | 625 | 625 | 625 | 625 | 625 | 625 | 625 | 625 '
Peak Recurrent Forward Current Amps. 5 5 S5 5 5 5 5 5 !
Surge Current 4 Milliseconds Max Amps. 30 30 30 30 30 30 30 30 ;
Forward Voltage Drop @ 1 Ampere and 25°C Volts 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 }
Average Reverse Current** vAdc 250 | 250 | 250 | 250 | 250 | 250 | 250 250 E
Operating and Storage Temperature °C. —65 to +125 All Types

*For capacitive loads Average DC Output current is derated by 20%.

**Full cycle average for rectifier operating into an inductive or resistive loa d at
rated current and voltage.




. Sthicon Rechifters

The Tung-Sol 1N2078 features distinct ad-
vantages benefiting the TV service industry.

Optimum physical and electrical character- HALF WAVE RECTIER CHARACTERTICS

istics combine to make 1N2078 convenient i LT 11

for the serviceman to handle and install, paore

and give his TV and radio service customers g Wi s = — e
the high grade performance they want and e @t T e
appreciate. E L) S 1 L I —

HALF WAVE DOUBLER CHARACTERISTICS

_ Type 1N2078
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smaller than most semiconductor rectifying
devices with no sacrifice in efficiency.

FULL WAVE DOUBLER CHARACTERISTICS

flexible leads for quick soldering to existing | [ ] B
connections. No hardware needed. Ir L e e ]
P 1
8 €= 150,44 T
stable low voltage drop and ability to with- : — < ma
stand current surges promote long life. g ﬁ‘»\:
i

special insulated case rules out chassis
shorts and dissipates own heat.




The Tung-Sol Engineering Staff constantly
seeks ways to make new . . . to make better
semiconductors. The silicon rectifier series
1N2072 through 1N2079 represents the lat-
est results of this concentrated search for
new semiconductor products.

Right now, Tung-Sol can supply a silicon
rectifier or other semiconductor with exactly
the electrical characteristics you require.
Many types are available from stock. For

Higher Power Tung-Sol Silicon Rectifiers for Heavy Duty Industrial Use!

special units, our experienced staff will co-
operate to design and make the unit you
need. In either case, Tung-Sol’s sustained
program of semiconductor development
gives firm assurance all Tung-Sol units in-
corporate the latest product advances for
utmost efficiency once installed.

Check your semiconductor requirements!
Silicon rectifiers . . . whatever you need . . .
look to Tung-Sol for peak performance.

s s . f.) Top hat, axial lead units with ratings up to 750ma
. and up to 600 Peak Inverse Voltage.

cus Top hat, stud mounted units with ratings up to one
| ampere and up to 600 Peak Inverse Voltage.

High current, stud mounted units with ratings up to
35 amperes and up to 600 Peak Inverse Voltage.

For additional data on Tung-Sol silicon rectifiers or any
other Tung-Sol semiconductor contact: Tung-Sol Electric
Inc., 95 Eighth Avenue, Newark 4, New Jersey.

SALES OFFICES: ATLANTA, GA.; COLUMBUS, OHIO; CULVER CITY,
CALIF.; DALLAS, TEXAS; DENVER, COLO.; DETROIT, MICH.; MELROSE

PARK, ILL.; IRVINGTON, LIVINGSTON AND NEWARK, NEW JERSEY; 1"]']3
SEATTLE, WASHINGTON. IN CANADA: TORONTO, ONT.
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e OCTOBER, 1958

AR AR R AR
This series of diffused junction rectifiers offers controlled quality not possible =
in rectifiers made by other methods. Among their characteristics are low forward POWER
voltage drop, stable leakage, high surge current handling ability and freedom from ® RECTIFIERS
the stresses produced at the junction by thermal cycling. As the junction power @

loss in these units is small, the junction temperature is low, and, consequently,
higher reliability is obtained.

The method of encapsulation has been chosen to provide the industry with a
rectifier which can be installed by the same techniques employed with resistors
and capacitors. In avoiding the use of the conventional metal case greater flexi-
bility in mounting is obtained. The type of Epoxy used in the encapsulation has
been chosen both for its excellent electrical characteristics and for its resistance
to moisture and thermal shock.

These rectifiers are specifically designed to meet requirements for use in power
supplies, blockers, DC to DC converters, transistorized power supplies and other
general purpose uses.

MECHANICAL DATA

CASE: Plastic encapsulation with pigtail leads.
MOUNTING POSITION: Any.

POLARITY MARKING: The arrow on the rectifier points to the posi-
tive terminal.

o

ABSOLUTE MAXIMUM RATINGS (100°C AMBIENT) RESISTIVE OR INDUCTIVE LOAD o

JEDEC Type Number ¢

IN2072 | IN2073 | 1N2074 | 1N2075 | 1N2076 | 1N2077 | 1N2078 { 1N2079 ®

Peak Inverse Voltage................. ... ... Volts 50 100 150 200 250 300 400 500 °
Continuous DC Working Voltage............... Volts 50 100 150 200 250 300 400 500 ¢
RMS Applied Voltage (resistive load)........... Volts 35 70 105 140 175 210 280 350 .
Average DC Output Current*.................. mAdc 625 625 625 625 625 625 625 625 "
Peak Recurrent Forward Current....... ...... Amps. 5 5 5 5 5 5 5 5 °
Surge Current 4 Milliseconds Max.............. Amps. 30 30 30 30 30 30 30 30 ®
Forward Voltage Drop @ 1 Ampere and 25°C....| Volts 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 ®
Average Reverse Current**. . ................. uAde 250 250 250 250 250 250 250 250 [ ]
Operating and Storage Temperature............ °C. —65 to +125 @
* For capacitive loads Average DC Output current is derated by 20%. ®
** Full cycle average for rectifier operating into an inductive or resistive load at rated current and voltage. °
®

o

(Over) .

TUNG-SOL ELECTRIC INC. .cvaes ew derser

CHATHAM ELECTRONICS DIVISION



TUNG-SOL ELECTRIC INC.

TYPICAL FORWARD CHARACTERISTIC
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SILICON
POWER

rein e ¥ RECTIFIER

BULLETIN

- TUNG-50

TYPE 1N2078 is a diffused junction power rectifier specifically designed to meet
the stringent surge requirements of radio or television service. In avoiding the ®
use of the conventional metal case, greater flexibility in mounting this unit is
obtained. No heat sink or special mounting arrangement need be used with
this unit. The low forward voltage drop, which does not change during life,
means higher output voltage; and, consequently, better set performance.

MECHANICAL DATA

CASE:
MOUNTING POSITION: Any.

Plastic encapsulation with pigtail leads.

POLARITY MARKING: The arrow on the rectifier points to the posi-

tive terminal.

ABSOLUTE MAXIMUM RATINGS (100°C) CAPACITIVE LOAD:

Peak Inverse Voltage . . 400 Volts
Continuous D.C. Reverse Workmg Vo]tage 400 Volts
Average D.C. Output Current . 500 mAdc
Peak Recurrent Forward Current . 5 Amps.
12 Cycle Surge Current . @ 30 Amps.
Full Load Voltage Drop @ 25°C . 1.1 Volts
RMS Input Voltage . 130 Volts

Minimum Series Resistance (for capacntlve ﬁlter)

APPLICATION NOTES

The 1N2078 silicon rectifier is recommended as a
replacement for selenium rectifiers. It is easily in-
stalled in any radio or television set, and will result
in higher B+ voltage.

When' the 1N2078 is used as a replacement for
selenium rectifiers, it is only necessary to solder the
leads between the same points from which the sele-
nium rectifier was disconnected. BE CAREFUL
TO OBSERVE POLARITY.

. TYPE IN2078

e OCTOBER,

POWER

® RECTIFIER
®

5 ohms, 10 watt

Since the case of this rectifier is electrically in-
sulated from either terminal, it is not necessary to
prevent contact between itself and the chassis or
other component. However, it should not touch or
be mounted near a large source of heat such as a
thermionic tube or power transformer. Soldered con-
nections should be made quickly with a minimum

amount of excess soldering heat.

1958

(Over)

TUNG-SOL ELECTRIC INC.

CHATHAM ELECTRONICS DIVISION

95 EIGHTH AVENUE
NEWARK 4, NEW JERSEY



TUNG-SOL ELECTRIC INC.

HALF WAVE RECTIFIER CHARACTERISTICS
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DATA

These hermetically sealed silicon alloy junction rectifiers have been
designed to meet all applicable military specifications. Features of this
series of rectifiers are low forward voltage drop, low reverse leakage, and
low thermal impedance. To simplify the assembly of bridge and poly-
phase connections, these rectifiers can be supplied with reverse polarity.

DATA

Case: Metal and glass—hermetic seal

Mounting position: Any

Mounting method: ¥4—28UNF Stud

Altitude: 86,000 feet

Weight: Less than 1 oz. (with mounting hardware)

IVE OR INDUC

- POWER

@

- RECTIFIERS
® FEBRUARY 1959
P R

SILICON POWER
RECTIFIERS
20 Amperes @ 150°C

@
Type Number CH103Z CH103A CH103B CH103C CH103D CH103E CH103F .
Peak Inverse Voltage. ... .. R EE ST N Volts 50 100 200 300 400 500 600 @
Average Forward Current.............. Amps. 20 20 20 20 20 20 20 @
Peak Recurrent Forward Current........ Amps. 90 90 90 90 90 90 90 &
Forward Voltage Drop @ 50 Amps. ®
DC. (@ 25°C)......covvvvevnnnn Volts 1.3 13 1.3 13 13 13 13

Average Reverse Current.............. MaD.C.* 5 5 5 5 5 5 5 .
L]
*Full cycle average for rectifier operating into an inductive or resistive load at rated current and voltage. P
L ]
@
Maximum half sine wave peak current for one second 100 Amps ®
Storage temperature range . . . . . . . —65°C to +200°C ®
Typical forward dynamic resistance . . . . . . .006Q ®
Typical forward voltage temperature coefficient . . —1 MV/°C s
Mounting hardware and insulating washers supplied with each unit. ™
@

The material shown here is for your information. Tung-Sol Electric Inc. assumes no liability with respect to its
use in the infringement of any patents and reserves the right to change this material at any time without @

further notice.

@
@
. . @
95 EIGHTH AVENUE )
NEWARK 4, NEW JERSEY .
CHATHAM ELE @
@
CT—-1 a

Printed in U.S.A.



These hermetically sealed silicon alloy junction rectifiers have been
designed to meet all applicable military specifications. Features of this
series of rectifiers are low forward voltage drop, low reverse leakage, and
low thermal impedance. To simplify the assembly of bridge and poly-
phase connections, these rectifiers can be supplied with reverse polarity.

Case: Metal and glass—hermetic seal

Mounting position: Any

Mounting method: ¥4—28UNF Stud

Altitude: 86,000 feet

Weight: Less than 1 oz. (with mounting hardware)

POWER

RECTIFIERS

FEBRUARY

1959

SILICON POWER

RECTIFIERS

35 Amperes @ 150°C

Type Number CH104Z CH104A CH104B CH104C CH104D CH104E CH104F :
Peak Inverse Voltage...... ............ Volts 50 100 200 300 400 500 600 @
Average Forward Current.............. Amps. 35 35 35 35 35 35 35 @
Peak Recurrent Forward Current........ Amps. 200 200 200 200 200 200 200 @
Forward Voltage Drop @ 50 Amps. @
D.C. (@ 25°C)...........ccinvnnnn Volts 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Average Reverse Current. . ............ MaD.C.* 10 10 10 10 10 10 10 N
*Full cycle average for rectifier operating into an inductive or resistive load at rated current and voltage. ¢
Maximum half sine wave peak current for one second 300 Amps ®
Storage temperature range . . . . . . . . . —65°C to +200°C ®
Typical forward dynamic resistance . . . . . . .004Q o
Typical forward voltage temperature coefficient . . —1 MV/°C o
Mounting hardware and insulating washers supplied with each unit. ™
; ®

The material shown here is for your information. Tung-Sol Electric Inc. assumes no liability with respect to its
?\ffth(ienr rtlr‘;%ci!rrfringement of any patents and reserves the right to change this material at any time without @
Y
&
@
' N .
@

Printed in U.S.A.
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NG-SOL

This series of rectifiers has been designed specifically to meet the
requirements of power supplies where small size and weight are of
paramount importance. The rectifiers are conservatively rated to en-
able peak performance at high altitudes and with the absence of fan
cooling. These rectifiers are sealed by the most modern techniques to
ensure against junction degradation during operating or storage life.
In addition, their rugged construction will enable them to meet the
most stringent environmental specifications.

Case: Metal and glass—hermetic seal

Mounting position: any

Mounting method: 3%8—24UNF Stud

Altitude: 86,000 feet

Weight: Less than 3 oz. (with mounting hardware)

- POWER
- RECTIFIERS

MARCH 1959

SILICON POWER
RECTIFIERS
70 Amperes @ 150°C

5

@
@
Type Number CH109Z CH109A CH109B CH109C CH109D CH109E
Peak Inverse Voltage................. Volts 50 100 200 300 400 500
Average Forward Current.............. Amps. 70 70 70 70 70 70
Forward Voltage Drop @ 150 Amps. ®
D.C. (@ 25°C).........ccvvnvinnn. Volts 1.3 1.3 1.3 1.3 13 1.3 o
Average Reverse Current.............. MaD.C.* 30 30 30 30 30 30 ]
*Full cycle average for rectifier operating into inductive or resistive load at rated current and voltage. &
@
Maximum half sine wave peak current for one second 750 Amps &
Storage temperature range . . . . . . . . . —65°Cto200°C "
Mounting hardware and insulating washers supplied with each unit. @
®
@

The material shown here is for your information. Tung-Sol Electric Inc. assumes no liability with respect to its
use in the infringement of any patents and reserves the right to change this material at any time without @

further notice.

@

Printed in U.S.A.



AL L Iy

N e L T T T T

10.
11

12.
13.

UNG-SOL,/ CHATHAN

SILICON RECTIFIER DESIGN QUESTIONNAIRE
Company:
Address:
Name: Position:
Intended Application:
Circuit: HaIf-wavé Bridge Center-tap Doubler Other
Type of Load: Resistive___ Inductive Capacitive Motor
Battery: Type Amp-Hr No. of Cells
Cell Arrangement
Charging Volts/Cell Charging Amp/Cell
Charging Method
Input Data: volts + %, cycles/sec, phase
Maximum a — Peak Inverse Voltage (Include regenerative voltage)
b — D-C Blocking Voltage
Peak Inverse Voltage Transient:__ volts, duration
frequency of repetition times per second minute
. D-C Output: volts at amperesat__ °C for case ambient
Duty Cycle: Continuous___ ___Intermittent _ Describe
Fault or Surge Current: amperes, nonrepetitive. repetitive
duration , other
. Operating Temperature Range: °C °F to °C °F
Storage Temperature Range: °C °F to °G °F
. Cooling: Convection —__Forced Air Linear Feet/Minute
Heat Sink Material and Size
Applicable Military Specifications:
Customer’s Drawing No Attached To Follow.
Customer's Test Spec No Attached To Follow
Quantity: Delivery:
Comments:

PLEASE SKETCH SCHEMATIC DIAGRAM AND DESIRED MOUNTING DATA ON BACK OF PAGE



TUNG-SOL / CHATHAM

SCHEMATIC DIAGRAM

DQ-3

DESIRED MOUNTING DATA

When completed mail to —

COMMERCIAL ENGINEERING DEPARTMENT
TUNG-SOL ELECTRIC, INC., CHATHAM ELECTRONICS DIVISION
630 W. Mt. Pleasant Avenue, Livingston, N. J.

WYman 2-1100
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