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SDI,.II:IW STATE TUBE REPLACEMENTS
’ .

& molded circuit assemblies

i

® No filament supply required
B No warm-up
e B Long-life
® High mechanical shock resistance
B Identical pin locations as tube replaced
B Reduces service calls to remote locations

e R

Cap used on ST-7A, 5T-9, 5T-10, 5T-11, §T-12, 5T-156,
ST-16, 1N2637
Case Style D-18A
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Each tube replacement is equipped with the identi~al pin.

locations and connections as the tube it is designed to o Lae,
In some cases it may be necessary to add resistance o the
circuit to protect the load from excess voltages or to protect
the tube replacement from surge currents,

LOAD VOLTALIE LIMITING RESISTOR

When replacir gas or mercury vapor tubes, it is not necessary
t. ingrease toeal circuit resistance to simulate tube voltage
drop. The -lght increase in output voltage is generally not
l#~ge eno Jh to damage other circuit components. However,
it is necessaly to add a series resistance when replacing hio*
vacuum rectifiers; otherwise the resulting higher output voltagye
could damage other circuit components.

CALCULATING THE RESISTOR FOR LIMITING LOAD

VOLTAGE
To calculate the required series resistance;
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Where: Vriwee = Forward voltage drop of vacuum tube
being replaced

lgn = Peak output current of tube.
Rp = Series voltage dropping resistor,

The value of Veupey may be obtained from the tube
rating sheets or from operational characteristics curves. The
value of Igy may be approximated for most cases by Auiti-
plying the dc output of the wbe (Ig) by w(3.14). (I- very
large peak currents are expected, a more accurate calc.iation
of lgpy should be made.)

V
Fitube) (2)

Thus: RD = TIG

To caleulate the power rating of the resistor:
P= (lg(rma)” X Ro (3)

Where: Rg = Resistance calcu'ated in Equation 2,

lfirms) = The RMS current through the resistor.

It will be necessary to estimate the value of lgj.. be-
cause of the current wave form, A good approximation is
made by multiplying the average current by 1.6 for choke
input filters, or by 2.2 for capacitor filters.

Thus: P=(1.6X Fg]‘! X Bp = 2,66 R IDZ
(choke input filter) (4}

EXAMPLE

When IR's ST-2 is used to replace a 5U4 vacuum tube oper-
ating at 300YRMS and 200mAdc, the forward voltage drop,
from the tube rating tables, is approximately 45Vdc. There-
fore;

Ve 45
Rp = F e

Ty @X.200

= 70.7 Ohms

P+ 2,56 Rp lg” = 2.56 X 70.7 X (.200¥
= 7.3 Watts

This a 7082, 10 Watt {min.) resistor sh-wld be connected he
tween the cathode tub2 pin and the filte and load circuit.

SURGE PROTECTION

When tube replacements are used with capacitive loads and
when no voltage limiting resistance is added wc the circuit,
the tube replacemen! must be protected ‘rom current surges
by & current limiting series resistance, . . resistance must
limit the surge curre-t to a value which 1 = tube replacement
can withstand.

ALCULATING SURGE CURRENT PROTECTION

The required surge limiting resistance is computed from:
Eot

S (5)
F Migurge)

R1WI'QB:I =

Where., Ey = Peak value of the vansformer phase voltage

lemtsurge) = Maximum allowable surge current
rai'ng (peak Amperes)

Risurgey = Resistance of surge limitiny resistor

This value of resistance includes the resistance offered by the
transformer secondary phase winding.

The power rating of the resistor is calculated as in Equation
4; but Rg is replaced with Rigyrge):

P=2.56 Risurge) lo (6)
EXAMPLE

Using the same conditions as in the previous example, the
300V RMS operating voltages must be converted to the peak
operating voltage.

Ens = 300 X \J2 = 425V

Then the resistance must be computed:

B _ap5_
Lol "_"'"'_ _'—5‘:—._ E.E Ohms

The transformer resistance can now be subtracted from the
required series resistance:

H{-:urga:l — Ryanstormer = 8.5 — 1.0 = 7.5 Ohms

{The transformer resistance listed is for example only.)
Mow the power rating of the resistor can be calculated:

P = 256 Rigyge lo = 2.66 X 7.5 X (.200F
77 Watts

Thus a 7.582, 1 Watt {min.) resistor should be connected in
series with the tube replacement to limit surge currents to
the rectifier,
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Furthermore, when a surge limiting resistor is necessary, it
may be placed in either of the two locations indicated in
Figure 1. l
For voltage dropping and surge limiting resistors, it is
usually good practice to use a resistor wattage rating at least
two times the calculated minimum value. Risurge)
_H_

It should be recognized that where the calculated value of
the series voltage dropping resistor Rg is greater than the re-
quired value for the surge limiting resistor Ry e, it is not
necessary to include both in the circuit. Only Rg would be
necessary.

Fig. 1
IFMiaV] — | IFMIisurge) — ;
Max, DC Max, Peak VEM = Miax,
VrlRMS) — Output One-Cycle VDC Per Dimensions
VARMI[rep) Max. RMS Current Mon-repetitive | Leg (VDC) | (Case D18A)
IR Per Leg Input @ 70°C Surge Current | @05 ADC Circuit
Part Number W] (V) fmal [A) @ 2500 L 0 Diagram Feplaces

TNET0 (ST-14) 1,500* 1,080° 7% 50 1.8 {Case D-18B) | C MIL-GX4, MIL-12X4

1MN11504 1.600* 1,130° 75041 50 3.0 265 [1.25 B BZ3, B0, 82, B3, B3V

1N1237 1,600% 1.130* 750 (1) a0 30 265 | 1.25 A 024, 5X4, 6Y4, BAXE, 6X5

1N1238 1,600* 1.130" 800 50 3.0 266 | 1.26 o BAV4, BAWS, BAZ4, 5T4,
BU4, 54, W4, 5Y 3, 524

1M1239 2,800 1,950* 500 (1) 50 &.0 375|138 o 5R4

1M1262 (ST-7) 4,600* 3,200 260 (1) 50 4.5 265 | 1.25 G 6AL, BAX4, 6ELY, 6W4,

i 12AX4, 17AX4, 25W4

1N23ED - 1,600* - GO0 &0 5300 1.50 | 1.44 L 5AV4, 5AWS, 5AX4, 5T4,
&U4, B4, BW4, BY 3, 524,
G004

1N2480 1,600* 1,130 500 (1) 50 3.0 156 | 0.87 E GX4

TN2630 I5T-1) 1,600 1,060° 86 50 1.8 1.81 | 0.88 C 64, 12X4

1N2631 (5T-2) 1,600 1.130* &00 50 1.8 265|126 D SAW4, 5ANY, BAZY, BT4,
5U4, 5Y 3, 6004

1N2E32 2,.800* 1,880 200 50 2.7 265 | 1.25 D 5R4, 5R4W

1N2633 (ST-3) 1.600* 1,130* 600 50 18 265 | 1.25 A 0Z4, 5X4, 6AXE, BWS, 6X5,
6ZY5, 6839, BB62

1N2634 (ST-4) 1,600% 1,130* GO0 50 3.6 265 | 1.28 B 5Z3, 80,82, 83,83V

1N2635 (ST-5) 1,500* 1,050 a5 50 3.6 1.81 | 0.88 E High Altitude 6X4 & 12X4

1N2636 (ST-6) 1,500* 1,050 85 50 16 245 | 1.19 F B4/624

1N2637 (ST-7A) 10,400* 7,300* 250 50 11.0 5.05 | 1.38 J 3B28, 249B, 866, BE6A

5T-8 1,250 880 a0 50 62 [1.10]1.40 H 0Z4, BXE

5781 10,000 7,000 1,250 50 14.0 8.05 | 2.31 M 8008

§T-10(1) 10,000 7,000 1,260 50 14.0 8.05 | 231 I B72A

] ST-11{0) 7,500 5,300 126 850 B 4.20 | 1.20 J Bi6

5T-12(0) 40,000 28,000 100 50 54.0 7.90 | 2.40 J BO20

5T-13 1,275 200 130 50 1.8 2.00 | 0.82 K GEW4A, 12BW4

5T-14 1,600 1,130 GO0 50 B3 (T |1.50(1.44 L 5AV4, 5AWA, 5AX4, 5T4,
5L14, 5¥4, W4, 5¥3, 524,
G004, 5ARY, GE34

5T-16 (1) 15,000 10,600 1,750 200 15.0 965 | 3.88 ] 673

ST-16 (1) 15,000 10,600 1,750 200 15.0 9,65 | 3.88 i 5754

* JEDEC registered values.

(1) @ 1000C

() Including internal current limiting resistor,
%) Incorporates compensating R-C networks.



CIRCUIT DIAGRAMS
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5T Ad18
5T-10 Ad-29
5T-16 Ad-10
ET-16 Ad-29
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Tube Replaced IR Tube Replacemeant Tube Replaced = IR Tube Replacement
GZ34 ST-14 BZYS 5T-3, 1N2633
0£4 ST-3, 8T8, IN1237, 1N2633 12AX4 ST7 1MN1262
3828 ST-7A, 1N2637 12BW4 ST-13:
5AR4 §T-14 12%4 5T-1, 1N2630
EAVA 5T-14, 1N1238, 1N2389 12x4 (MIL) ST-1A, 1N570
5AWS 5T-2, 5T-14, 1N1238, 1N2389, 1N2631 12%4 (High altitude} | ST-5, 1N2835
EAX4 5T-2,5T-14, 1N2389, 1N2631 174X%4 5T-7, 1N1262
EAZ4 ST-2, 1N1238, 1N2631 25W4 S5T-7,1N1262
5R4 ST-2A, TN1239, 1N2632 80 ST, 1N1160A, 1N2634
ER4AW 5T-2A, TN2632 g2 ST, 1N11504, 1N2634
5T4 §T-2, ST-14, 1N1233, 1N2384, 1/2631 83 ST4, IN1150A, 1TN2634
5U4 §T-2, ST-14, 1N1238, 1N2389, 1N2631 gav ST, 1N1150A, 1N2634
54 ST-14, 1N17.38, 1N2380 B4/6Z4 ST6, 1N2636
B4 5T-14, TN1235, 1N2389 2498 ST-7A, 1N2637
EX4 ST-3, 1N1237, 1N2633 5754 ST-16
5Y3 ST-2, 5T-14, TN1238, 1N2389 673 5T:16
54 1N1237 816 §T-11
523 5T, IN1150A, 1N2634 966 ST-7A, 1N2637
524 ST-14, 1M1238 868A ST-74, 1N2637
6AL4 5T-7, 1N1262 872A 5T-10
GAX4 ST-7, 1N1262 5839 5T-3, 1N2633
BAXE 5T-3, 1N1237, 1N2633 5852 ST-3, 1N2633
GBL4 5T-7, 1N1262 B004 5T-2, 5T-14, 1N2389, 1N2631
GEWS 5T-13 8008 8T8
BWd 5T-7, 1N1262 8020 5T-12
BWS 5T-3, 1N2633 A
GX4 ST-1, 1N2490, 1N2630
6X4 (MIL) 5T-1A, 1N5T0
GX4 (High altitude) 5T-B, 1N2635
6X5 5T-3, ST-8, 1N1237, 1N2633
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