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This Brochure lists all the necessary specifi­
cations, characteristics, parameters, and rat­
ings to select and apply International 
Rectifier's complete line of Selenium Recti­
fiers, Klip-Sel Transient Voltage Suppressors, 
and Contact Protectors. 

A discussion on How To Use This Bro­
chure is presented on Page 2. 

Note that the black tabs on the Headings of 
the Table of Contents show the page number 
on which the individual sections start. Each 
page of the section will have its tab alined 
with the Table of Contents tab. In addition, 
each page carries a simplified title defining 
the data on the page. 

For delivery and price quotations, and for 
any further technical information, check the 
following list: 

IR Field Offices ............... 40 
Or contact IR's El Segundo Offices. 
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HOW TO USE THIS BROCHURE 

Selenium and its construction and use as a rectifier is de­
scribed below and on the following page. 

Selenium and its use as a voltage transient suppressor is 
discussed starting on page 4. 

IF YOU KNOW THE TYPE OF SELENIUM RECTIFIER 
YOU WANT, refer to the Table of Contents. 

IF YOU DO NOT KNOW THE TYPE OF SELENIUM REC· 
TIFIER YOU WANT, read the description below and the 
detailed data starting on page 18. 

IF YOU KNOW THE TYPE OF TRANSIENT SUPPRES· 
SOR YOU WANT, refer to the Table of Contents. 

IF YOU DO NOT KNOW THE TYPE OF SUPPRESSOR 
YOU WANT, refer to the discussion on transient voltage sup­
pressors starting on page 4 or to the discussion of contact 
protectors on page 16. 

IF YOU HAVE AN INDUSTRIAL PART NUMBER, see the 
cross reference on page 38. 

INTRODUCTION 

The Selenium Rectifier, which is introduced below, starts 
with IR's line of transient voltage suppressors, the Klip-Sel 
series. The brochure continues with selenium rectifiers in the 
general order of size from the stack assemblies thru the car­
tridges and diodes. 

This does not necessarily catalog all the possible assem· 
blies or configurations currently available but does cover the 
coding and characteristics for all popular and typical series. 

Selenium RectHlers 

A rectifier is an electronic device which offers very low 
resistance to current flowing in one direction and very high 
resistance to current flowing in the opposite direction. This 
property permits the rectification of alternating currents and 
the control of various signals and controlling currents in 
electronic equipment. 

A selenium rectifier is usually an assembly of one or more 
selenium cells in a stack, cartridge, or diode. For higher rat• 
ings than those permitted by single cells, the cells are con· 
nected in series for higher applied voltage ratings and in 
parallel for higher current ratings. 

Applications 

Although newer types of semiconductors have been receiv· 
ing a great deal of attention, selenium still offers versatile, 
inexpensive rectification with a famous record of extremely 
long-term reliability. Individual devices still provide almost 
90% of their original ratings after over twenty years of con· 
tinuous service. 

Currently, selenium rectifiers are being used in a wide variety 
of industrial, commercial, and entertainment applications 
including: Industrial power conversion systems; Battery charg· 
ers: Voltage regulation; Electroplating; Electrolysis; Electro­
static coating and painting; All types of communications sys· 
terns: including Color television; Computers; Airborne com· 
munications systems; Remote control systems; Magnetic 
circuits; All types of entertainment systems; Power supplies 
for relays, solenoids, and electric counters; and many, 
many more. 

Special applications include Klip-Sels, for transient voltage 
suppression. and contact protectors for switch protection from 
arc damage. 

Selenium also offers high surge handling capability and 
high reliability factors. These allow it to be used in most recti· 
fication applications without the use of additional surge 
protection devices. 

Selenium Cell Construction 

A selenium rectifier cell consists essentially of a baseplate, 
a selenium layer, and a counter-electrode layer. The baseplate 
and the counter-electrode layer serve as electrodes for the 
rectifier, both being good electrical conductors. The ideal 
selenium rectifier permits forward current to flow from the 
baseplate to the counter-electrode layer and blocks all current 
in the opposite direction. 

The production of selenium rectifiers is a complex procedure 
involving numerous processes. Some of the important processes 
are outlined below. 

The Baseplate 

The aluminum baseplate used in IR selenium cells supports 
the various materials required to produce the rectifier. To 
improve the conduction between the baseplate and the selen· 
ium layer, the baseplate is roughened by acid etching and then 
a thin layer of nickel is deposited by electroplating. 
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The Selenium Layer 

The thin selenium layer is deposited on the treated base­
plate by the evaporation process. The selenium is first treated 
with a halogen additive to improve the electrical character­
istics of the selenium. The selenium is then heated, vaporized, 
and allowed to condense on the baseplate in a layer from 0.002 
to 0.006 inch thick, depending on the intended use of the cell. 

The Barrier La~r 

The selenium-coated baseplate is now heat-treated to start 
the formation of the barrier layer, the region in which rectifica­
tion actually takes place. After the beat treating process, bar­
rier layers of material are applied to the plate, either by 
evaporation or by spraying. These barrier layers increase the 
blocking characteristics of the selenium layer of the cell. 

The Counter-Electrode Layer 

A metal alloy layer is sprayed on the barrier layer to form 
the counter-electrode; that is, the electrical contact opposite 
the baseplate. During this process, the selenium and barrier 
layers are masked so that the counter-electrode layer is de­
posited so that it can not short out across the baseplate. 
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WASHER 
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--t+- £ASY CU!ROO now 

Forming 

The selenium cell is now complete but the processing is not 
To develop the reverse characteristics of the cell, the barrier 
is electro-formed by passing an increasing de voltage through 
the cell in the reverse direction of the cell. This process takes 
from one to twenty-four hours or more, depending on the size 
d cell and its intended use. 

Assembly 

The cell must now be mounted in some form of assembly. 
This may include only a spring contact and terminal against 
the counter-electrode and a terminal for the baseplate, all held 
together by an insulated eyelet. Or the assembly may be multiple 
cells mounted in a complex stack assembly. Or a miniature 
selection of plates mounted in a moisture-proof tubing, shrink· 
fit tubing or phenolic case. 

IR Selenium Products 

The IR Selenium Rectifier is now ready for long-term service 
in one of the applications discussed above and described in 
detail on the following pages. 

AI.UMIHUM AllOY 
BASEPlATE 
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KLIP-SEL TRANSIENT VOLTAGE SUPPRESSORS 

AU electrical systems and equipment arc subject to transients 
of widely varying magnitudes, causes, and repetition rates. 
Since many of these transient disturbances can result in voltage 
spikes of sufficient energy content to degrade or destroy semi­
conductor devices (such as Silicon Rectifier Diodes, Silicon 
Controlled Rectifiers, Silicon or Germanium Transistors, etc.) 
it is often necessary to apply transient suppression circuit ac­
cessories to protect a system or equipment and to improve 
reliability. 

Another semiconductor device - the selenium rectifier -
has been modified to provide excellent protection for other 
semiconductor devices. This device is the Kli~Scl, Interna­
tional Rectifier's Selenium Transient Voltage Suppressor. 

The following discussion includes the steps used in selecting 
the proper Kli~Sel, a simplified application guide, an explana­
tion of the part number code, the dimensional characteristics 
of the Kli~Sels, and a listing of standard Kli~Scls. A cross 
reference guide is included in the back of this catalog. 

Voltage Tramleats 

There are many sources of voltage transients. In the follow­
ing paragraphs the use of Kli~Sels to clamp various types of 

A 
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Fl11. 1 - Transformer Circui t Volta11e Transient Sources 

transient voltage and the appropriate circuitry for this clam~ 
ing will be illustrated and described . 

Tramleats Caused By Energizing A Transformer Primary 

Voltage transients of magnitudes severe enough to cause 
damage to semiconductor devices may result from energizing 
the transformer primary in either of the circuits illustrated in 
Figure l. In Figure HA), transients up to two times the peak 
value of the supply voltage arc possible. In Figure 1(.i3), the full 
primary peak voltage may be impressed, by intcrwinding capa­
citive coupling, across the secondary. (For example: a 440 
Volt rms primary voltage may impress as much as 620 Volts on 
a low voltage - say 20 Volts - secondary and rectifier.) 

Either a non-polarized Kli~cl or a polarized Kli~Sel con­
nected as shown i.n the figures is effective in clamping transients 
of these types to safe values. 

Tramleats Caused By De-Energizing Inductive Circuits 

The transients resulting from any of the four circuits of 
Figure 2 can be some of the most destructive. Peak transient 
voltages up to 10 times the peak supply voltage have been 
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observed for Fi1rnres 2CAl and 2(8). In Figure 2(C), the peak 
transient voltage can equal: 

V1 =11.o,d Xvi 
Where: 

Vt = Transient Voltage 

ltoad = Current through the load 

L = Load inductance 

C = Load capacitance 

From this equation it is evident that when L is large compared 
to C the transient can be very severe. In fact, when the only 
capacitance in the circuit is leakage capacitance to ground, the 
transient condition may be the worst possible. 

In the circuits of Figure 2(A), (B), or (Q either a non-polarized 
or polarized Klip-Sel will usually provide adequate protection. 
However, for Figure 2(Q, the only effective location for the 
Klip-Sel is across the rectifier de terminals. Usually a polar· 
ized Klip-Sel is selected for this use (however, if a non-polarized 
Klip-Sel is the only one available, it will also provide protection 
in this location). 
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Fig. 2-lnductive Circuit Voltage Transient Sources 
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Symbols 

V rms = Max. RMS working voltage. High Line 
system voltage. 

it = Transient discharge current 

1sec = Transformer secondary operating current RMS. 
lm = Transformer Magnetizing current (may be 

expressed in per cent, i.e., %Im)· 

Fv = Operating voltage factor 
Vp = Primary Voltage 

Vs = Secondary Voltage 

¼ = Non-Polarized Klip-Sel (KN) 

t = Polarized Klip-Sel (KP) 

VT = Transient Voltage 

IAC = Alternating Current 

V Ac = AC Voltage 

Fe = Clamping Voltage Factor 
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There are many other causes of transient voltages. Figure 3 
illustrates how a shorted rectifier diode in a circuit where 
several are connected in parallel can cause a transient voltage 
at the time the isolating fuse clears the circuit fault. A non• 
polarized Klip-Sel is recommended for protecting the rectifier 
diode here (although a polarized KJip-Sel across the de terminal 
will help also). A large capacity Klip-Sel may be required. In a 
relatively high power rectifier unit having several diodes 
in parallel. the energy content of the transient may be 
very substantial. 

Figure 4 illustrates how the firing of magnetic amplifiers or 
of silicon controlled rectifiers (SCRs) may generate transients. 
These transient voltages are similar to those generated by 
commutation and hole storage effects except that they may be 
much more severe since they often occur later in the cycle 
when reverse voltages are higher and where the rate of change 
of voltage, current, and flux (in transformer or mag-amp cir-. 
cuits) is more rapid. 

In the magnetic amplifier circuit (Figure 4(A)), the Klip-Sel 
should be a polarized device across the de terminals. In this 
way the small leakage current of the Klip-Sel will not reduce 
the magnetic amplifier gain. 

In the silicon controlJed rectifier circuit (Figure 4(8)), a non· 
polarized Klip-Sel is necessary across the ac terminal to protect 
the devices from transient generated during commutation. If 

FAUI.T CURRENT 
+------, 

' 

RO 

ao 

Fie. 3 - Voltage Transient from Circuit Fault 

A 

v., 

Fie. 4 - Voltaee Transient from Circuit Flrine 

the load is highly inductive, a polarized KJip-Sel should also 
be connected across the de terminals to protect against load 
generated transients (particularly when the SCRs are phase 
controlJed to small conduction angles). 

Figure 5 illustrates a different type of a transient voltage 
caused by a de motor with either an overhauling load, or with 
a high inertia load, where the motor field is suddenly 
strengthened to reduce motor speed. 

This type of transient differs from the previous ones in that 
it may be either a sharp spike of high voltage, or may be a sus· 
tained higher voltage (V cemf). lf the field is strengthened 
only momentarily (causing the sharp spike), a polarized Klip­
Sel will provide adequate protection. However, when the 
transient results from a sustained overhauling load, the Klip­
Sel may not have adequate thermal capacity to absorb the 
sustained energy. In this case the transient can probably best 
be handled in one of the folJowing ways: 

(A) A polarized Klip-Sel to absorb the initial voltage spike, 
plus an over-voltage relay which will apply a shunt load 
(a resistor) across the motor armature to absorb the 
sustained energy and reduce the peak voltage. 

(B) A silicon controlled rectifier with associated circuitry 
to act as the over-voltage relay and apply the shunt 
load (the SCR has much faster operating time than a 
mechanical relay). 

(C) A silicon carbide varistor type of bleeder resistor to 
shunt the motor armature. This type of varistor is a non· 
linear voltage device similar in operation to the 
Klip-Sel but while it has larger thermal capacity, it will 
not clamp the voltage as sharply as will the Klip-Sel 
and also draws more continuous current during normal 
operation. 

In the above cases, a non-polarized KJip-Sel across the recti• 
fier ac terminals is recommended to absorb any transients 
from the ac supply which may occur during the time of high 
V cemf when devices on the load side are ineffective against 
transients. 

B 

] 

I 

I 

I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

INTERNATIONAL RECTIFIER I I\iR I 

] 

Fig. 5 - Voltaae Transient from Field Strengthen in& 

Figure 6 illustrates transients caused by the starting of a 
synchronous motor at speeds below synchronism (as the motor 
is started), the stator acts as the primary of a transformer and 
the rotor field winding acts as the secondary. Under this con· 
dition and until the motor reaches synchronous speed, large 
voltages will be induced in the rotor field winding. The voltages 
are of both polarities so that on one half of the cycle the recti· 
fiers will have to block the generated voltage, and on the other 
half cycle carry large forward currents. 

The surge rating of the rectifiers must be based on this 
current surge which starts at a high value and then decays to 
zero as the motor approaches synchronous speed. 

A polarized Klip-Sel, connected as shown in Figure 6, will 
be effective in clamping this type of transient. The size of the 
Klip-Sel must be based on the energy content of the transient 
waveform which can typically have a current rating of twelve 
times the full load de output current of the field supply. 

The actual transient voltages and currents depend on indi· 
vidual machine constants and on the ac impedance of the 
rotating field winding. They also vary from a maximum at the 
instant of starting (when slip frequency equals line frequency) 
to a minimum when it is equal to the do field resistance as the 
motor pulls into synchronous speed. 

Many transients may be received through the supply lines. 
These may be caused by a wide variety of conditions, includ· 
ing dropping of large loads, lightning and faults (short circuits) 
on the power system. It may be difficult to protect against such 
transients as they are often of unknown magnitude and power 
content. The non·polarired Klip-Sels are usually the best choice 
for these "unknown" transients; connections should be made 
across the rectifier ac terminals. 

Most of these examples have discussed single phase circuits. 
However, the same basic Klip-Sel location may also apply to 

poly·phase circuits. In addition, in single-way, poly-phase cir• 
cuits, polarized Klip-Sets are generally specified. They are 
connected in parallel with the rectifier in each phase. 

Advantages Of Klip-Sels 

Several advantages usually result from designing Klip-Sels 
as protective elements for silicon rectifier equipment: the addi· 
tion of Klip-Sel protection is designed to prevent rectifier fail· 
ures; where the Klip-Sels are correctly applied, it is often 
possible to reduce the Peak Reverse Voltage rating (PRY) of 
the rectifier or silicon controlled rectifier, increase the system 
reliability by minimizing features, and reduce rectifier costs. 

Klip-Sel transient protection devices are usually superior in 
action and results to other modes of transient suppression for 
the following reasons: 

(A) Resistance-Capacitance Networks. RC networks can 
( 1) draw high charging currents (if the capacitance 
must be large), (2) cause damped oscillations unless 
accurately designed to avoid resonating with supply 
transformer, magnetic amplifier, or load inductances. 

(B) Thyrite voltage sensltjve varistors. The rate of change 
of resistance with increasing voltage in these devices 
is substantially less than that of Klip-Sels, thus requiring 
higher rectifier Reverse Voltage ratings to achieve 
equal protection, and, conversely, they consume more 
power at normal operating voltages than do Klip-Sels. 

(C) Silicon Breakdown (Zener) Diodes. Zener voltage 
regulators have lower transient energy absorbing ca· 
pacity than Klip-Sels. Also, Klip-Sels inherently have 
substantial shunt capacitance and accordingly often 
provide faster response to transients with steep voltage 
wave fronts than do Zener diodes. 
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Fi&, 6 - Voltage Transients from Synchronous Motor 
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SELECTING KLIP-SELS 

1. Transient Surge Current (Ir) 

The transient surge currents generated by transforrners are 
generally the most severe transients that will be encountered. 
It is this current that will determine the cell size to be used. 
The following steps give a simple means of calculating the re· 
quired it rating, and therefore the required cell size. 

(A) 

(B) 

Determine (from manufacturer specifications or by 
measurements) the transformer KVA rating, and esti· 
mate whether it has a high, medium, or low reactance. 
(If the transformer is constructed so that the secondary 
windings are tightly coupled , electrically, to the 
primary windings, it will probably have a low react· 
ance.) 

Refer to Figure 7 and, using KVA rating and estimated 
reactance, choose the best estimate of % magnetizing 
corrent (%Im). 

1a 

-\ . 
\ ·. 
' ' ,. ' ' '. ' ·. ·. ' ~ " \ 

'· 
V 

0 
0 

T'IPICAl HICH REACIANCE llWISfORIICR ,,, 
IYP1CAl. l0W REACIANCE IJWISfOIIMER -..... / . 

"- / ... ,, ......._ .. ,,._ 
...... - ·--.. _ - -----, - ------- ~ -- ------

JO I~ 20 25 
TRAICSfORlll:R RATING IN KVA 

Fig. 7 - Typical Magnetizing Current Vs. 
Transformer KVA Rating 

(C) Calculate it = %Im x 1sec x 0.75 

(D) From the value of it calculated in step C, select the cell 
size from the list below: 

Cell it Rating Cell Size 
(Amps) (Inches) Cell Code 
0.25 Max. .375 Dia. y 
1.0 Max. .50 Dia. z 
3.0 Max. I.0Sq. A 

15.0 Max. 2.0Sq. L 
35.0 Max. 3.0 Sq. D 
65.0 Max. 4.0Sq. p 

135.0 Max. 5.0 X 6.0 F 

For example, assuming SKY A high reactance transformer 
with secondary current of 20 Amps rms. 

it = .lQ.x 20 x 0.75 = 1.5 Amps. Use cell code "A" which 
100 

has a rating of 3.0 Amps and cell size of I.0"Sq. 

2. Operating Voltage Factor (Fv) 

(A) Operating voltage factor (Fv) non-polarized. The op­
erating voltage factor for non-polarized operation is 
determined by dividing the high-line RMS system volt· 
age by 26 and rounding off to the next highest whole 
number. For example: assume a high-line volrage of 
125 VRMS. 125V = 4.8, therefore, use Fy = 5. The 

26 
Klip-Sel assembly rating then is: Fy x 26 = 5 x 26 = 
130V. 

(B) Operating Voltage Factor (Fv) polarized. The opera­
ting voltage factor for polarized operation is deter­
mined by dividing the high-line voltage by 22 and 
rounding off to the next highest whole number. For 
example: assume a high-line voltage of IOOV. IOOV = 

22 
4.55, therefore, use Fy = 5. The Klip-Sel assembly 
rating then is: Fy x 22 = 5 x 22 = 110V. 

3. Clamping Voltage Factor (F c) 

The clamping voltage factor equals the maximum clamping 
voltage divided by the Klip-Sel assembly voltage rating (at 
rated clamping current). 

(A) Clamping Voltage Factor (F cl non-polarized. For non­
polarized applications, there are three maximum clamp­
ing factors available: 2.3, 2.5, and 2.7. The peak re· 
verse voltage rating (PRY) or the transient voltage 
rating (whichever it is found desirable to use) of the 
solid state device to be protected will determine which 
clamping factor to use. The clamping factor designa­
tions are D, E, and F, respectively. If the ratio of the 
PRY of the silicon diode to Klip-Sel assembly rating is 
low, then naturally the lower factors must be used. 

For example: assume a single phase bridge circuit 
with silicon diodes rated at 300 Volts PRY and a Klip­
Sel assembly rated at 130V across the secondary of the 
transformer. A clamping voltage factor of 2.7 would 
mean the maximum clamping voltage would be 350V 

I 

I 

(130 x 2.7) which is too high. A clamping factor of 2.3 A 
would have to be used 130 x 2.3 = 300 V. If the above ,ai 
silicon diode has a transient rating of 400V, the Klip-Sel 
assembly with a clamping factor of 2.7 could be used. 
130 x 2.7 = 350V. The idea is to keep the clamping 
voltage below the rating to be protected. 
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(8) Clamping Voltage Factor (F cl polarized. For polar­
ized applications, there are also three clamping factors 
available, also designated D, E, and F (2.6, 2.8, and 3.0 
respectively). In most cases, the clamping factor is 
generally not of great importance in application since 
the polarized Klip-Sel is used on the de side of single 
phase and three phase bridges. This is because the 
polarized Klip-Sel is essentially across two diodes in 
series. 

For example: assume a single phase bridge using 
'liXJY PRY silicon diodes and with an output of lO0Y. 
For lOOY, a polarized Klip-Sel assembly with an oper-

ating voltage factor of 5 would be required ( 1?i = 4.55; 

use 5). The maximum clamping voltage of this assem­
bly would be (110 x 3.0 = 330Y or 5Fv x 22 x Fe), 
Since the PRY of the diodes to be protected is 2 x 200 
= 400Y, the factor of 3.0 is adequate. 

TABLE 1-PART NUMBER CODE SYSTEM 

4. Using the cell size derived by the procedure as outlined in 
(1), the operating voltage factor outlined in (2), and the clamp­
ing voltage factor outlined in (3), refer to Table 1 and construct 
the proper Klip-Sel code number. 

5. Where transients occur on a repetitive basis, refer to Figures 
8 and 9 (page 10) for non-polarized and polarized applications 
respectively. This curve gives the relationship between pulse 
duration energy, and repetition rate for each 26VRMS of 
Klip-Sel rating. 

For example: a polarized KJip-Sel, KSDPIDAF (3" cell), is 
capable of absorbing one Watt-Second of energy per pulse with 
one second between pulses. 

6. Maximum allowable surge current versus pulse width for • 
non-repetitive pulses is given in Figure 10 (page 11). For the • 
shorter times it is possible that the maximum rated clamping 
voltage will be exceeded. For maximum safety for components _9 that are being protected it is recommended that the rated cur- ~ 

rent not be exceeded. E 
~ -co = ·.: 
u 
'E 
0 
I 

KSA 5 D A E 

~T~ 
Cell Size Fv Fe: 

Operatinr Ty_pe of Type of Max. • Polarity Voller• Factor Finish Mountin& Clamr,in& 
Fae: or 

28 VOLT CELLS 

Non-Polarized Number 1 to 20 0-Commerc:ial A-Bolt© Non-Polarized KY--0.375" dia. Non-Polarized T-Molsture & fungus resistant B-Stud 0= 2.3 KZ-o.s· dia. (Multiply by 26 to obtain maxi- C-1 Bracket E = 2.5 KSA-1.0" sq. mum continuous RMS rating.) 0-2 Brackets F = 2.7 KSL-2.0" sq. P-Pi~tail (cartridges (Multiply RMS KSD-3.0" sq. on y) rating by KSP-4.0'' si, clamping factor KSF-5.0'' x .O" to obtain 
typical peak 
voltage after 
clamping.) 

Polarized Polarized Polarized KYP-0.375" dia. (Multiply by 22 to obtain maxi- 0=2.6 KZP-0.5" dia. mum continuous de rating.) E = 2.8 KSAP-1.0" sq. F = 3.0 KSLP-2.0" sq. (Multiply de KSOP-3.0" sq. rating by KSPP-4.0" sq. clamping factor KSFP-5.0" x 6.0" to obtain 
typical peak 
voltaite after 
clamping.) 

30 VOLT CELLS 

Same Non-Polarized Same Same Non-Polarized as (Multiply by 30 to obtain maxi- as as L = 2.2 above mum continuous RMS rating.) above above M=2.4 Polarized Polarized 
(Multiply by 25 to obtain maxi• L = 2.5 
mum continuous de rating.) M=2.7 

© Not available all len,ths. 
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These are maximum values, and if the stack is operated at 
a slightly reduced voltage (to accommodate line variation con· 
ditions and normally introduced safety factors), the actual 
wattage consumed per cell will be substantially less. 

To illustrate how effective Klip-Sels can be in protecting a 
single phase bridge silicon rectifier stack, Figure 11 (page 11) 
shows two traces, each one representing the voltage impressed 
directly across the ac input terminals of the rectifier bridge. 
Trace No. 1 was made with a capacitive discharge transient vol· 
tage of slightly over 500V peak, and without a Klip·Sel con· 
nected to the bridge. From this trace it can be seen that essen· 
tially zero current was drawn by the bridge and apparently no 
clipping action took place. 

Trace No. 2 was taken after a Klip-Sel had been connected 
directly across the ac terminals of the rectifier bridge, and the 
same 500V transient voltage pulse was again impre~d across 
the ac terminals of the bridge. From this trace it can be seen 
that the Klip-Sel actually drew 8 Amperes peak current, but 
limited the peak value of the voltage to approximately 270V. 
Accordingly, it can be seen that the addition of this Klip-Sel 
device would satisfactorily protect a rectifier bridge, which is 
operating on a 117V ac line, from a 500 Volt transient, when 
using rectifier diodes of only 300V PRV rating; whereas, with· 
out the Klip-Sel, rectifier diodes in excess of 500V PRY would 
be necessary to avoid being damaged or destroyed by a 500 Volt 
transient. 

SlmpWled Application Gulde 

A simplified guide for the use of Klip-Sel transient voltage 
suppressors is given in Table 2. This guide is designed to aid in 
the selection of Klip-Sels for most common applications where 
the peak reverse voltage rating transient reverse voltage rating 
applied RMS voltage and type of circuit are known. 

The types of Klip-Sels listed are designed to utilize the 
transient rating of the rectifier to be protected. For example: 
the Klip-Sel KY2DPF has a maximum clamping voltage of 52V 
x 2.7 = 140V. This means that the transient rating of the 
rectifier must be at least 140V, preferrably it would be 150V or 
higher. 

If the transient rating of the rectifier is unknown, or it has no 
transient rating, then a Klip-Sel must be designed around the 
PRV rating of rectifier. Table 2 could not be used as a guide 
in this case. 

Standard Device Types 

In many cases the Klip-Sel must be selected using the earlier 
selection calculations for peak current, clamping voltage, and 
operating voltage. Standard Klip-Sels are listed in Table 3. 

These tables list all part numbers of standard Klip-Sels with 
the appropriate ratings and notations. Dimensions for Klip­
Sels may be calculated from Table 4 (page 14). 

Additional Notes 

The actual power drawn by the Klip-Sel during normal oper· 
ating conditions is very low. As an example, at the maximum 
continuous rating, the table below lists the actual power loss 
per cell. 

Cell Size 
Maximum 

Cell Code (Inches) 
Power Loss 

(mW) 

y .375 Dia. 50 

z .SO Dia. 100 

A 1.0Sq. 300 

L 2.0Sq. 1500 

D 3.0Sq. 3500 

p 4.0Sq. 6500 

F Sx6 13200 

I 

I 
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TABLE 2-SIMPLIFIED KLIP-SEL APPLICATION GUIDE 

Mu. nr Fer 
Dnlce Rated TranslHI 
Vottase IM$ Voltase 

tndlrldual lodltldual 

RlliJI& Operatla1 Rallns 
(!)aecllfter (!)Rtc:llfter 

Rmd Rited 
{V) vottqe {V) Tllnl 3 Aftlp Tllru 11 Allp 

(Y) 

100 52 Vol1s 150 KY20Pf t<Z20PF 

ISO 71 Vol1s 250 KY30Pf KZJDPF 

200 104 Vons 300 KY4DPF KZ40PF 

300 156 Volts 425 KY60Pf KZ60PF 

500 234 Volts 650 KY90PF KZ9DPF 

600 216 Volts aoo KYllOPF KlllOPF 

700 312 votts 850 KYl20PF KZl20PF 

800 364 Vol1s 1000 KYl40PF KZl4DPf 

900 416 Volts 1150 KYl60PF KZ16DPF 

1000 442 Volts 1200 KY170PF KZ170PF 

Nett, Tllo "'" listed 1110 .. ar• ... .,.,.,Ind. ,., pelarlled types au .. , .. to UII ,1 .. , "'"'• llY - n,. 
(!) laed en ...,.e lodustrlal ratlop. fer curnnll not listed refer to IHL 

TABLE 3-STANOARO, KLIP•SEL TYPES 
STANDAIID NON•POlARIIED TYPES 

Mu. RM$ Mu. c1 ... ,1., PHIi Cvtrent 
Oper1t1n1 Volts 

Volts 8 Ptak Cwrent D.25A 1.0A l.OA !SA 

26 70 KYIOPF KZIOPF KSAlOAF KSLIOAF 

52 140 KY20PF l<Z20PF KSA20AF KSL20AF 

78 210 KYJOPF KZ30Pf KWDAF KSL30Af 

104 280 KY4DPF KZ4DPF KSMDAF KSl40AF 

130 350 KYSOPF KZSDPF KSASOAF KSl5DAf -
156 420 KY60Pf KZ60PF KSA608F KSl60BF 

112 490 KY70PF KZ70PF KSA708F KSl70BF 

208 560 KY80PF KZ80PF KSA808f KSl808F 

234 630 KY90PF KZ90PF KSA90BF KSl908F 

260 700 KYIOOPF KZIOOPF KSAIOOBF KSLIOOBF 

286 770 KYIIOPF KZIIOPF KSAllOBF KSlllDBF 

312 840 KY120PF KZl20PF KSA1208F KSll208F 

338 910 KYl3DPF KZl30Pf KSA13DBF KSl13D8f 

364 980 KYl4DPF KZl4DPF KSAl4DBF KSll4D8F 

390 1050 KY15DPF KZISOPF KSAISOBF KSLISDBF 

416 1120 KYl60PF KZ16DPF KSA16D8F KSll608F 

442 1190 KYl7DPF KZ17DPF KSAl7D8F KSl17DBF 

468 1260 KY180PF KZ180Pf KSAl8DBF KSll808F 

494 1330 KYl90PF KZ19DPF KSA190BF KSll9DBF 

520 1400 KY20DPF KZ20DPF KSA20DBF KSL20D8F 

STANDARD POLARIZED TYPES 

Mu. RMS Mu. Cl111pio1 PHI< Current 
Optr1t101 Volts 

v,111 @ PukCu"ent 0.25A 1.0A 3.0A !SA 

22 66 KYPlDPF KZPlOPF KSAPIOAF KSlPlDAF 

44 132 KYP20PF KZP2DPF KSAP20AF KSlP20lF 

66 198 KYP30PF KZPJDPF KSAP3DAF KSLP3DAF 

88 264 KYP40PF KZP4DPF KSAP40Af KSlP40Af 

110 330 KYPSDPF KZPSOPF KSAPSOAF KSlPSDAF 

132 396 KYP60PF KZP60PF KSAP60BF KSLP6D8F 

154 462 KYP70PF KZP70PF KSAP7DBF KSLP708F 

171 528 KYP80PF KZP80PF KSAP80BF KSlP8DBF 

191 594 KYP90PF KZP9DPF KSAP908F KSlP9DBf 

220 660 KYPIOOPF KZPIOOPF KSAPIODBF KSlPIODBF 

242 726 KYPllDPF KZPllOPF KSAPUDBF KSLPllDBF 

264 792 KYP120PF KZPl20Pf KSAP120BF KSlP12D8F 

216 8~ KYPIJDPF KlP13DPF KSAP1308F KSlPllDBF 

308 924 KYPl40Pf KZPl4DPF KSAP14D8F KSlP140BF 

330 990 KYPl50Pf KZPl50PF KSAPISDBF KSLPl508F 

352 1056 KYPl60PF KZP160PF KSAPl6D8F KSlPl60BF 

374 1122 KYPl7DPF KZP17DPF KSAP170BF KSLP1708F 

396 1188 KYPl80PF KZP18DPF KSAP18DBF KSLPIBDBF 

418 1254 KYPl90PF KZP19DPF KSAPl908F KSLP1908F 

440 1320 KYP200PF KZP20DPF KSAP2DDBF KSLP200Bf 

For 
todltldual 

(!)Rec:llfier 
Rited 

Tllru to Afflp 

KSA2DAf 

KWOAF 

KSMDAf 

KSA60BF 

KSA90Bf 

KSAllOBF 

KSAl20Bf 

KSAl408F 

KSAl6D8F 

KSAl70BF 

35A ISA 

KSOIOAF KSPIDAF 

KS020AF KSP20AF 

KSOJDAf KSPJDAf 

KS04DAF KSP4DAF 

KS050AF KSf5DAF 

KS0608F KSP608F 

KS070BF KSP708F 

KS0808F KSP80BF 

KS090BF KSP908F 

KSOIODBF KSPIODBF 

KSOIIOBF KSPllOBf 

KSDl20BF KSPl2D8F 

KSDl308F KSPl3D8f 

KSD14DBF KSP1408F 

KSDl508F KSPISDBF 

KSD16D8f KSP1608F 

KSDl708F KSP1708F 

KSD180BF KSP1808F 

KSOl9DBF KSP190BF 

KS02008F KSP20D8F 

~35A ISA 

KSDPIDAF KSPPIDAF 

KSDP20Af KSPP20AF 

KSDP3DAF KSPP3DAF 

KSDP40AF KSPP40AF 

KSDP50AF KSPPSDAF 

KSOP60BF KSPP608F 

KSDP7DBF KSPP7DBF 

KSOP808F KSPPBOBF 

KSDP9D8F KSPP9DBF 

KSDPIOOBF KSPPIODBF 

KSDPllDBF KSPPllOBF 

KSOP12D8f KSPP12DBF 

KSDPIJDBf KSPPl3D8f 

KSDPl40BF KSPP1408f 

KSOPISDBF KSPPl508F 

KSDPl6DBF KSPP160BF 

KSOP1708F KSPPl7DBF 

KSDPIBOBF KSPP180BF 

KSOP1908f KSPP190BF 

KSDP20DBF KSPP20D8F 

Fer 
lndltlduat 

(!)Rtellfter 
Rated 

Thru 2$0 Afflp 

KSL20Af 

KSl3DAf 

KSl40AF 

KSl6DBF 

KSl908F 

KSlllOBf 

KSL120Bf 

KSLl40BF 

KSLl608F 

KSll70BF 

l"A 

KSFIOAF ■ KSf20AF 

KSFJDAF 

KSF40AF 

KSPSOAF 

KSF608F 

KSF70BF 

KSF808F 

KSF90BF 

KSFIOOBF 

KSFIIOBF 

KSf12DBF 

KSFIJDBF 

KSFl4DBF 

KSFISDBF 

KSFl6DBF 

KSFl7D8F 

KSFl8D8F 

KSFl9D8F 

KSF2008F 

135A 

KSFPlDAF 

KSFP2DAF 

KSFP30Af 

KSFP4DAF 

KSFPSDAF 

KSFP6D8F 

KSFP7DBF 

KSFP808F 

KSFP9D8F 

KSFPIOOBF 

KSFPI IDBf 

KSFP12DBF -
KSFPl3D8F 

KSFP1408F 

KSFPISOBF 

KSFP16DBF 

KSFPl7DBF 

KSFP18D8F 

KSFP19D8F 

KSFP200BF 
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TABLE 4 - KLIP-SEL DIMENSION CALCULATOR (See Fig. 12) 

Variable + Constant = Mounting Dimension 

Cell Size © Yatlable © + Constant Cell Sia © Y1rlabl1 © + Constant 

llZP (Dia.= 0.70" Mu,) 
STACK TYPES 

N = 1 lo N = 10 

KSL 2Nx0.075" 1.46" N = 11 lo N = 22 

KSLP Nx0.075" 1.33" N = 23 to N = 40 

KSA 2Nx0.060" 1.26" KY (Dia. = 0.57" Mill,) 

KSAP Nx0.060" 1.15" N = lloN = 5 

N = 61oN = ll 
CARTRIDGE TYPES N = 12 to N = 22 

Kl (Dia. = 0.70" Max,) KYP (Dia. = 0.57" Mill.) 

N = 1 lo N = 5 - 0.63" N = 1 to N = 10 

N = 6toN = ll - 0.88" N = lltoN = 22 

N = 12 to N = 22 - 1.63" N = 23 to N = 40 

© N = Number of cells of aiven polarity = f• 0peratlna Voltage Factor from Table 1 (pace 9). 

For cells 3" square and larger refer to the selenium stack as­
semblies mounting dimension chart (page 24). Use the narrow 
spacing mounting under column headed D, P cells for polar­
ized Klip-Sels. For non-polarized Klip-Sels add 0. 120" for each 
increment in operating voltage factor. 
For example: the mounting dimension for KSFSDAF would be 
2.62 + (Sx 0.120) = 3.22". 
For other dimensions of Klip-Sel stacks refer to the "standard 
dimensions of selenium rectifier stacks" chart. 

-
-
-

-
-
-

-
-
-

Fl&, 12 - Dimensional Diagrams 
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Special Klip-Sels 2. Multi-element types for use in doublers, center-taps, three­
phase bridges, etc. 

For unusual transient energy problems, special Klip-Sel as­
semblies can be furnished in the following classifications. 3. Parallel arrangement of cells for unusual power handling 

capabilities. When your transient energy problems are 
special consult your IR Field Office or IR's El Segundo 
Offices. Some of the special multi-element types available 
are shown here. 

1. Types with more cells in series than are listed in the tables 
in both open stack construction and cartridge types. 

SINGLE PHASE 
AC + AC 

I ~ l ~ I 

AC 

THREE PHASE 

AC AC 

AC + AC 

►) l ►) l ,◄ l ~ 

Center tap when used in center tap rectifier circuits, provides 
protection from source transients. 

When used in any three phase circuit, protection from source 
transients. 

Same as above except has better energy handling capability. 

Used with single phase bridge rectifier. One element across 
each leg of rectifier. Protection from any source transients. 

Used with three phase bridge rectifier. One element across each 
leg of rectifier, protection from any source transients. 

C 
.Q 
.;; 
E 
s 
C -

■ 
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THE NEED FOR CONTACT PROTECTION 
Arcing, while producing serious deterioration of contacts 

which can result in circuit failures, also introduces other un· 
desirable features. For example, the high voltage transients 
which are generated may cause insulation puncture or other· 
wise effect circuit operation. The transients created are of 
radio frequency which can supply interference effects to other 
adjacent circuits. 

In any electric circuit, where contacts interrupt the flow of 
current, there will usually be arcing across the contacts regard· 
less of the nature of the load. The effect is particularly magni­
fied if the load is inductive and also if the supply is de rather 
than ac. A typical illustration of an inductive circuit is shown 

~o-o---,~ 

Fig. l - Inductive Ci rcuit 

Fig. 2 - Polarized Protection 

(+ ) o-----<:l""~o' ~ 
(-) oo------1..___,_ 

Fig. 3 - Non-polarized Protection 

in Fig. I. When the switch is open, a high voltage will be gener· 
ated due to the collapse of the magnetic field in the coil. The 

value of this voltage is equal to - L di where L equals the core 
r dt 

inductance and ~: equals rate of change of current with time. 

This generated voltage is of reverse polarity as indicated by 
the above equation. After the contacts are opened the flow of 
current in the circuit is suddenly stopped, and the voltage 

induced in the coil could, theoretically, rise to infinity. How­
ever, due to the circuit parameters involved, the induced volt· 
age will rise 10 limits such as 1000 Volts in an average 24 Volt 
coil circuit. At voltages of these magnitudes, arcing will occur 
between the opening contacts, and will be maintained until 
extinguished by increased separation of the contacts. 

Arcing can occur across the contact!,, in free air whenever the 
voltage exceeds 300 Volts. Several methods are in use to reduce 
the generated voltage below a value at which arcing will not 
occur. These have used components such as fixed resistors, 
semiconductors, capacitors, permanent magnets, and arc blow­
out coils. Semiconductor devices have proved to be the most 
effective, and have the additional advantages of small size, long 
life, low cost, and ease of mounting. Of the other methods, the 
capacitor-resistor combination is costly and bulky. While pro­
viding arc reduction, it can sometimes draw excessive charging 
currents, and also increase the drop-out time. 

Blowout coils or magnets may tend to increase the gener­
ated voltage and. although reducing the arcing, the increa-;ed 
voltage may be detrimental to the circuit insulation. 

Typical Circuits Using Contact Protectors 
Typical circuits illustrating the use of semiconductors in 

contact protection are shown in Fig. 2 and Fig. 3. The choice 
of which circuit to use will depend upon three factors: ( 1) sup­
ply voltage; (2) maximum permissible induced voltage; and 
(3) maximum allowable time delay in de-energizing the coil. 

In a circuit such as Fig. I , the voltage induced in the coil 
after the contacts are open may be expressed by 

This reduces to V =E ( 1 + ~) when t = 0 

Where V =decay voltage (at time t, after contacts open) 

I = steady state coil current 

R = total circuit resistance = RL + Rs 

E = supply voltage 

R L =coil resistance = f-
L = coil inductance (in millihenrys) 

Rs = suppressor resistance 

t =decay time 

£= base of naperian log 

It is thus seen that the peak voltage is dependent only on the 
supply voltage and the ratio of suppressor resistance to coil 
resistance. However, if Rs is made small in order to reduce the 
peak generated voltage, the delay time becomes longer. The 
circuit of Fig. 2 bas a low forward resistance, and the circulating 
current will tend to flow for a much longer time than it takes 
for the current to decay in an unprotected circuit. If decay time 
is important, then the circuit of Fig. 3 should be used. If the 
supply is ac, then Fig. 3 is absolutely necessary, since the sup­
pressor must block voltages of both polarities equally. 
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CONTACT PROTECTORS 
The contact protectors listed in Table 1 are available in several 
configurations; including diode types and cartridges. Her­
metically sealed units, available on special order, are of par­
ticular importance when severe environmental conditions are 
encountered. 

All units listed are assembled with selenium cells in a back• 
to-back configuration. This affords the best protection to the 
contacts, with the least effect on the operation of the circuit. 
In specifying contact protectors it is important that the maxi­
mum voltage rating of the protector exceeds the maximum 
value of the supply voltage. 

Current ratings given are for intermittent operation with a 
maximum of 30 to 40 operations per second. If the frequency 
of operation exceeds 40 operations per second, a cell with a 
larger rating should be used and more information may be 
required in order to analyze the heating effect produced in 
the protector. 

The ratings are based upon maximum ambient temperature 
of 35 °C. When higher ambient temperatures are encountered, 
some derating will be necessary. 

TABLE 1 - CONTACT PROTECTOR TYPES AND SPECIFICATIONS(@ 35°C AMBIENT TEMPERATURE) 

AC TYPES DC TYPES 

@~ -==~-==- hMAA- cc~ =~== FA MAA. Electrical 

~2½~edt 
Electrical ~t?J ~2½~edt Characteristics Characteristics (D 

MAX. MAX. ·-
Workln1 Mu, Diodt Typt Carlrld&e Type Workln& Max. Diode Type Cartrldce Type 
Volts ac Coil Volts de Coil 

Cur• 
Dime sion 

Cur-
DimensiH Dime sio■ Mu. rent Code Din1nsio■ Code Min. Mu. rent Code Code 

(Amp) No. A 1Max.) 8 (Max.) No. A(Mu.) 8 Max. (Amp) No. A(MII.) B Mu. No. A(Mu.) 8 (Max.) 

26 .20 SlVlD .47 .55 SlVlP .380 .620 
15 22 .25 SlVlD .310 .470 SlVlP .380 .620 
23 44 .25 S2V1D .350 .470 S2VlP .380 .620 

52 .20 S2V2D .47 .55 S2V2P .380 .620 45 66 .25 S3Vl0 .400 .470 S3V2P .380 .620 
78 .20 S3V3P .380 .620 67 88 .25 S4V2P .380 .620 

104 .20 S4V4P .380 .620 89 110 .25 S5V2P .380 .620 
130 .20 S5V5P .380 .620 111 132 .25 S6V2P .380 .620 
156 .20 S6V6P .380 .990 133 154 .25 S7V2P .380 .620 

26 .40 SlYlO .47 .55 SlYlP .500 .620 
15 22 .60 SlYlD .470 .550 SlYlP .500 .620 

52 .40 S2Y2P .500 .620 
23 44 .60 S2YIO .470 .550 S2YlP .500 .620 

78 .40 S3Y3P .500 .620 
45 66 .60 S3Y2P .500 .620 

104 .40 S4Y4P .500 .620 
67 88 .60 S4Y2P .500 .620 

130 .40 S5Y5P .500 .620 
89 110 .60 S5Y2P .500 .620 

156 .40 S6Y6P .500 .990 
111 132 .60 S6Y2P .500 .620 
133 154 .60 S7Y2P .500 .620 

26 .60 SlZlP .640 .754 
15 22 .90 SlZlP .64-0 .754 

52 .60 S2Z2P .640 .754 
23 44 .90 S2ZlP .640 .754 

78 .60 S3Z3P .640 .754 45 66 .90 S3Z2P .640 .754 

104 .60 S4Z4P .640 .754 67 88 .90 S4Z2P .640 .754 

130 .60 S5Z5P .640 .754 89 110 .90 S5Z2P .640 .754 

156 .60 I S6Z6P .640 .990 
111 132 .90 S6Z2P .640 .754 
133 154 .90 S7Z2P .640 .754 

26 .90 SlXlP 1.060 .620 
15 22 1.4 SlXlP 1.060 .620 

52 .90 S2X2P j 1.060 .620 
23 44 1.4 S2XlP 1.060 .620 

78 .90 S3X3P 1.060 .620 
45 66 1.4 S3X2P 1.060 .620 

104 .90 S4X4P 1.060 .620 
67 88 1.4 S4X2P 1.060 .620 

130 .90 S5X5P 1.060 .620 
89 110 1.4 SSX2P 1.060 .620 

156 .90 S6X6P 1.060 .990 
111 132 1.4 S6X2P 1.060 .620 
133 154 1.4 S7X2P 1.060 .620 

26 1.2 SlWlP 1.380 .620 
15 22 2.0 SlWlP q8o .620 

52 1.2 S2W2P 1.380 .620 
23 44 2.0 S2WlP 1.380 .620 

78 1.2 S3W3P 1.380 .620 
45 66 2.0 S3W2P 1.380 .620 

104 1.2 S4W4P 1,380 .620 
67 88 2.0 S4W2P 1.380 .620 

130 1.2 S5WSP 1.380 .620 
89 110 2.0 SSW2P 1.380 .620 

156 1.2 S6W6P 1.380 .990 
111 132 2.0 S6W2P 1.380 .620 
133 154 2.0 S7W2P }.380 .620 

(i) When connectin& de contact protectors, the terminal marked In red, or at the end with polarity markin&, should be connected to the positive side of the circuit. 
(l) Meniscus formed at lead on top of diode .187 max. 
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SELENIUM ST ACK ASSEMBLIES 

As the world's largest supplier of industrial metallic rectifiers, 
International Rectifier has the broadest line to meet any and 
all requirements. 

Many units in the field are still in use today after 20 years. 
Internal quality assurance life tests on some units have con· 
tinued for 18 years during which time over 30,000 KWH have 
been converted. Evaluations show these units still have ap­
proximately 90% or their original output voltage. 
"Plate Lok" Keyed Construction 

IR's exclusive "Plate Lok" construction prevents rotation or 
the plates in the stack, eliminating contact damage. 

Bellows Spring Contact 
Bellows Spring Contact assures high efficiency for the col· 

lection of current from the cells counter electrode by contact• 
ing a large area and applying a precise and constant pressure 
for a long and dependable life. 
Selenium Stacks 

IR presents this line or selenium stack assemblies in four 
sections. The first section provides information, graphs, and 
coding applicable to all selenium stack assemblies; the next 
section (page 26) lists the selenium stack assemblies currently 
available for off-the-shelf delivery, including all of the con­
figurations that have been and still are so popular and a listing 
of multi-circuit stacks (page 27) which the customer may con­
vert into more than 5 basic circuits plus interconnect individ­
ual units; and the third section (page 28) lists the broad line of 
loose plate kits that are available for those who would rather 
do it themselves; and, finally, the fourth section (page 30) 

covers the popular miniature stacks offering the same quality 
and reliability as their bigger brothers at ratings applicable to 
magnetic and entertainment systems. 

Each section includes mounting dimensions for the various 
configurations available. 
Stack Coding 

Table I (page 20) describes the general coding used for 
Selenium Stack Assemblies. 

To determine the number or cells in any stack, multiply the 
number of cells in series by the number of arms in the stack 
circuit (see Table 2, page 20) by the number of cells in parallel; 
for example: 

Voltage Rating 

HJB2SDBGX 
2x~i2 = 16 

The number of cells in series times the individual cell voltage 
rating determines the stack rating. In the example given there 
are two cells in series each of which has a rating of 26VRMS. 
Therefore the stack is rated at 52VRMS. The next to last letter 
in the code designates the individual cell rating and may be 
changed to take advantage of higher voltage cells available. 

Any number of cells may be used in series up to the limit 
shown in Table 5 (page 24). When more cells are necessary 
than are allowed by Table 5 to achieve the desired voltage 
rating, more than one stack may be connected in series. In 
addition. individual half-wave stacks may be connected to form 
other circuits such as a single phase bridge or three phase 
bridge. 

The smaller stack, produced by IR this year, has a higher 
rating than the larger stack - which was a standard or the 
industry less than 10 years ago. 

A common method of achieving the desired configuration is 
to connect multiples of "Doubler" stacks together. Table l. 
page 27, tabulates a line of standard doubler stacks, called 
multi-circuit stacks, available from stock. As shown in the 
examples below the table, these doublers can be connected 10 
form other circuits or connected in series and parallel 10 in­
crease the voltage or current rating. 

Current Rating 
Also in the example shown above, there are two cells in 

parallel per arm. T his has the effect of doubling the current 
rating of the stack. Referring to Table 4, page 22, the current 
rating for a single phase bridge constructed using "H" (6" x 
7.25") cells is 13.0 Amperes. The current rating with two cells 
in parallel is 26.0 Amperes. The current rating of the stack 
could also be increased by changing the last letter in the code 
of the example "H282SDBGX:' the letter "X" means single or 
standard density cells, which conforms to the NEMA standard 
of 160 mA per square inch of active area. There are four clas· 
sifications of cell densities listed _in Table 4, page 22. Double 
density is twice the rating of the standard and so on. If twice the 
current rating of the example were required, the leller "D" 
would be put in place of the letter "X" in the code. 

It should be noted that the higher cell voltages are not pos· 
sible coincidem with higher current densities. It can be seen 
in Table4, under the column headings, that 45 Volt cells are 
available in standard density and double density current rating 
while up 10 JOY cells are available in quadruple density cells 
and up to 40V cells in triple density. 

The mounting dimensions for anv confi1rnra1ion i~ de1ermined 
from Table 5, page 24. Using the above example, we have 
determined that there are sixteen cells in the stack and that the 
code letter ''S" denotes standard spacing. ReferrinJ? 10 Tahle 5 
under the column "standard" under F.H.J cells. we see that the 
mounting dimension for 16 cells is 10.25 inches. This is the 

l 
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dimension from end nut to end nut and does not include the 
stud extensions which are used for mounting purposes. Other 
stack dimensions are given in Table 6 (page 25) such as stud 
extensions and terminal extensions. 

If brackets were required for the above example. the mount­
ing dimension or the hole-to-hole dimension would be found 
by adding the dimension .. D .. in Table 6 to the mounting dimen· 
sion (nut to nut) previously determined. The ··o .. dimension 
for "H" cells is .81 ". 10.25 plus .81 equal J 1.06 the mounting 
dimension as shown in the illustration ··stud and 2 bracket 
mounting style D" in Figure 7, page 25. 

Circuits 
The third figure in the code designates the circuit configur­

ation and, as shown in Table 2, page 20, also determines the 
number of arms in the stack circuit. This number times the 
number of cells in series times the number of cells in parallel 
equals the number of cells in the stack. The circuits mentioned 
in Table 2 are shown in Figure 1, page 21. Each of the arrows 
in rectifier circuit diagrams represents an arm of the circuit. 
Each arm may consist of a number of cells in series and or in 
parallel. 

The formulas in Table 3, page 20, are for some of the most 
commonly used circuits. Other factors are given in the gen­
eral information section on circuits. To determine the output 
voltage of the example stack we would use the formula as 
shown for the single phase bridge. We assume the stack is 
operating at 44 YRMS. These values allow 10% for line varia­
tions and 5% for transformer regulation. We also assume the 
stack is operating at 13.0 Amperes in an ambient of 35 °C. The 
only information missing is the forward voltage drop. Since this 
is a standard density stack with current density of 160 mA per 
square inch, we can refer to the curve of Figure 5. page 23, for 
forward voltage drop versus output current density. Going to 
160 mA per square inch on the horizontal axis up to the standard 
density wave and then left to the vertical axis we see Lhat the 
forward voltage drop per cell is approximately one Volt. Apply­
ing all of Lhe known values to the formula. 

EAC = I.IS Ede + 2nD 
44 = I.IS Ede + 2 X 2 X 1.0 

44-4 -
l.lS - Ede 

Ede = I ~S = 34.8YDC 

Standard single phase bridges and center-tap rectifiers as shown 
on pages 26 and 27 are also available from stock as are the 
doublers previously memioned. The single phase bridge stacks 
cover the output current range from 0.5 to 20 Amperes con­
vection cooled and from 36 to 180 YRMS. 

PERFORMANCE CHARACTERISTICS AND 
RECTIFIER DESIGN DATA 

Current Characte ristics 
Current ratings given in Table 4, page 22, are for ambient 

temperatures up to 35 °C. 
For higher temperatures, derate the current output as shown 

in Figure 2, page 23, for all types of cells. 

Figure 3, page 23, shows cell current re-rating as affected by 
cooling air velocity. Note especially that the double, triple, 
and quadruple density re-rating curve only applies on applica­
tions such as battery charging and electroplating, where there 
are no short time overloads whatsoever. For applications where 
short t ime overloads are encountered, refer to Figure 4, 
page 23, for re-rating values. 

Narrow cell spacing is normally recommended only for 
forced cooled applications. On free convection cooled applica­
tions where narrow spacing is used, the current should be 
derated to at least 75% of the normal cell rating in the Output 
Current Ratings Table 4, page 22, and the rectifier stack must 
be mounted so that the cells are in a vertical plane to allow 
proper natural cooling through the fins. 

The current ratings in the Output Current Ratings Table 4 
are for resistive and inductive loads in single phase operation 
and for all loads in three phase operation. For single phase 
battery, capacitive, and motor loads, multiply current ratings 
by the following factors to insure long life: 

CIRCUIT CODE 
CIRCUIT (See Fig. 1, Pg. 21) MULTIPLIER 

I Phase Half Wave H 0.6 
I Phase FWCT C,J 0.8 
1 Phase FWB D 0.8 

Similarly, a current de-rating 10 80% is recommended for 
cathodic protection applications. 

For altitudes above 3,000 feet, derate current by 2.5% per 
1.000 feet. 
Overload Characteristics 

The ability of IR's Selenium cells to withstand high current 
overloads during intermittent duty is shown in Figure 4, page 23. 
For pulse load applications. such as solenoid operation, contact 
your local IR Field Office (listed in the back of the catalog) or 
IR's El Segundo offices. 

Voltage Considerations 
In designing the voltage rating of a rectifier stack, the normal 

line variations ( ± 10%) and transformer regulation (3% to 5%) 
must be considered. The stated voltage ratings of the cells are 
the maximum allowable continuous voltages that can be im­
pressed on the cells. Therefore, the voltage rating of the 
selenium stack must be 10% to 15% above the nominal input 
voltage. 

For de blocking applications, the maximum de voltage is 80% 
of the RMS ratings. 

For single-phase half wave rectifiers with capacitive or 
battery loads, the maximum allowable applied voltage is one­
half the RMS rating of the cells. 

The derating o f the cell voltage with ambient temperature 
is shown in Figure 2, page 23, for all cell types. 

Figure 5, page 23, shows the RMS forward voltage drop per 
cell as a function of rectifier output current density for single 
phase (180° conduction) operation of standard, double, triple, 
and quadruple density cells. The maximum recommended 
current density for various cells operating under free 
convection or forced air cooling is shown in the table in the 
figure. 
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TABLE 1-POWER RECTIFIER STACK CODING 

TYPICAL STACK CODE~ H 2 B2SDBGX 

Number Number 
Cell Type of Cells Type of of Cells In Type of T/,pt of Type of Re,erse Tyl' of 

(and Size) © In Serles Circuit Parallel Spacin1 inish Mount1n1 Volta1e Ratin1 t it 
per Arm © per Arm © © © 

Sl'lf.le Phase 
A (I" SQ) H- alf Wave N- Narrow 0--Commercial Finish A-Bolt, no Mt&. G-26 Volt X-Standard 
B (1.2" SQ) .... B-Bndce S-Standard Standard Coatin& Bracket H- 30Volt and Hl&h 
C (1.S" SQ) .... C-Center Tap + -- W- Wide T- Mllltarr. Finish 8-Stu\ no Mtc. K- 33 Volt Volta~e !!!! Cc 

J-Center Tap - .... Multi~ e Coatln& Brae et O-Ooube 00 --l c2" sql D-Doubler -- with unclclde C-Bolt with One l - 36 Volt Density >> .. :>::, 
D (3" sq u, -..= M- MAGAmp. Uc., T2} ~cial Mt1. Bracket M- 40 Volt T- Trlple 
p (4" SQ) :::E"' .. Bridge U:>-. T3 illtary D-i}~~~:~o Mt1. P- 45 Volt Density -u 

'!.l""o Q-.,~ T4 Finish © Q-Quadruple ,,_u u 
J (4" X 6") .o- .. Three Phase ~-oa E- Eyelet Density 
F (5" X 6") -.,-.,c S-Hall Wave + -.,c,. 

H (6" X 7¼") 
., c;:; l - Hall Wave - .... u 
C,.'" c.., e-oa:: T- Brid&e @.~ 
~~ IJ-Center Tap .. ::, -~ Z-Ma1Am(D -a .. ~ .... 
0,. Brldae , 0-

Y- MagAm@ 
Bridie • 

© See Table 4, pa1e 22. © See Flaure 1, pace 21. © See Table 5, pa1e 24. © 6 AC Terminals, 2 DC Terminals. © 3 AC Terminals, 6 DC Terminals. 
© Available for severe environmental requirements. (!) See Table 4, pace 22. 

TABLE 2 -ARMS PER CIRCUIT 

Type 

Sln&le Phase 

H- Half Wave 

B- Brod1e 

C-Center Tap + 

J- Center Tap 

D- Doubler 

M- MAG Amp. Bridge 

TABLE 3 - SELENIUM STACK CIRCUITS 

CIRCUIT 

DESIGNATION FIGURE 

SINGLE-PHASE 
Half Wave H 
Center Tap C 
Brodie B 

THREE PHASE 
Half Wave s 
Center Tap u 
Bridae T 

E .. - Transformer secondary line to line votta1e - Voltage rms 
E"' - Averace DC output voltaae Volts 

Arms 

1 

4 

2 

2 

2 

4 

Type Arms 

Three Phase 

S-Half Wave + 3 

l - Half Wave - 3 

T-Brid1e 6 

IJ-Center Tap 6 

Z- MAG Amp. Brld&e 6 

Y- MAG Amp. Bridge 6 

EQUATION AC/ DC 
CURRENT RATIO 

E.c = 2.3 E... + nD 1.8 
E.. = 2.3 E... + 2nD 0.8 
E,. 1.15 E« + 2nD 1.15 

E,. = 1.49 E« + 1.73nD 0.65 
E,. = 1.48 E« + 2nD 0.46 
E.c = 0.74 E« + 2nD o.ss 

n = Number of cells In series per arm 
D Forward voltage drop per cell - Volts rms 
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Fig. l - Selenium Stack Circuits 

RECTIFIER CIRCUITS - SINGLE PHASE 

3or 
(-) 

~~ 
H - SINGLE PHASE HALFWAY£ C - SINGLE PHASE CENTER TAP 

(COMMON POSITIVE) 

]@ ]~ 
8 - SINGLE PHASE BRIDGE D - VOLTAGE DOUBLER 

RECTIFIER CIRCUITS-MULTI-PHASE 

gzJ 
l+) {-) 
~ (-) (♦) 

L - 3 PHASE WYE (HALF WAVE) S - 3 PHASE WYE (HALF WAVE) Y - 3 PHASE MAG. AMP. BRIDGE 

(COMMON NEGATIVE) • (COMMON POSITIVE) 

l+l 

Z - 3 PHASE MAG. AMP. BRIDGE 

F - 3 PHASE DOUBLE WYE 
U - CENTER TAP 

U - 6 PHASE STAR (3 PHASE CENTER TAP) 

.. , I+) 

H 

I - 6 PHASE PARALLEL BRIDGE 
(WITH OR WITHOUT IPD 

(2 T-3 PHASE BRIDGES) 

3~ 
J - SINGLE PHASE CENTER TAP 

(COMMON NEGATIVE) 

]~ 
M - SINGLE PHASE MAG. AMP. BRIDGE 

T - 3 PHASE BRIDGE 

(- ) (+J 

K - 6 PHASE SERI ES BRIDGE 
(2 T-3 PHASE BRIDGES) 

E - 3 PHASE TRIPLE DIAMETRIC 
(U - CENTER TAP) 

,;! 
::, 
0 .. 
u 
I 
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~ 
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~ ·a 
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TABLE 4 - OUTPUT CURRENT RATINGS @ 35" C AMBIENT TEMPERATURE (AMPERES) 

Ste 
Rl~lt STANDARD DENSITY CELLS DOUBLE DENSITY CELLS Fie. 1, 

l'ac, 21 26 to 45 Volts RMS Reverse 26 to 4 5 Volts RMS Reverse 

Cell Type A • C L D I' I F " A • C L D I' I F " o.c. 
. 19 .3 .47 .9 1.8 3.2 5.4 6.4 10.0 .38 .6 .96 1.8 3.36 6.3 10.8 12.7 19.5 

= Blocklna - -.. 
f Half Wave H 121.0 .13 .2 .32 6 1.2 2.1 3.6 4.2 6 .6 .25 .4 .64 1.2 2.24 4.2 7.2 8.5 13.0 
~ .. Full Wave C: B, C, J, ;;; Centertap 48.0 .26 .4 .64 1.2 2.4 4.2 7.25 8.5 13.0 .50 .8 1.28 2.4 4.49 8.4 14.4 17.0 26.0 

& Brldee M 

= 
Triple 

E 4.2 1.0 1.55 2.5 4 .65 8.0 14.0 24 .0 28.0 44.0 2.00 3.1 5.0 7.8 15.0 28.0 48.0 56.7 88.0 • Olametrlc 

"' Wye& I 18.0 .. L, S . 
Bride• I T, Y, Z 4.2 .39 .6 .96 1.8 3.6 6.3 11.0 13.0 20.0 .78 1.2 1.92 3.4 6.1 11.4 19.6 23.0 40.0 f 

"' .... Double Wye F 4.2 .71 I .I 1.75 3.3 6.5 11.5 19.8 22.8 36.0 1.42 2.2 3.5 6.6 12.4 22.8 39.3 46.2 72.0 

Star u 4.2 .5 .76 1.2 2 .3 4 .6 8.1 13.5 15.7 24.8 1.00 1.52 2.4 4.2 8.6 16.3 27.6 32.8 50.0 

= 
Parallel Brld&t 

I Ci) 1.2 .5 .76 1.2 2.3 4.6 8.1 13.5 15.7 24.8 1.00 1.52 2.4 4.2 8.6 16.3 27.6 32.8 50.0 .. without IPT 

"' .. Parallel Brld&e .. I Ci) 1.2 .71 1.1 1.75 3.3 6.5 11.5 19.8 22.8 36.0 1.42 2.2 3.5 6.6 12.4 22.8 39.3 46.2 72.0 ;;; with IPT 

Serles 
Bridge K Ci) 1.2 .39 .6 .96 1.8 3.6 6.3 11.0 13.0 20.0 .78 1.2 1.92 3.6 6.1 11.4 19.6 23.0 40.0 

Stt 
Rl~ I• TRIPLE DENSITY CELLS QUADRUPLE DENSITY CELLS FIi, 1, 

l'llt 21 26 to 40 Volts RMS Reverse 26 to 36 Volts RMS Reverse 

Cell Type A • C L D p I F H A I C L D p I F H 

o.c. 
.57 .9 1.44 2.7 5.2 9.7 16.8 19.8 30.4 .75 1.2 1.92 3 .6 6.7 12.6 21.6 25.4 40 = Block Inc - -.a .. Half Wave H 121.0 .38 .6 .96 1.8 3.5 6.55 11.2 13.2 20.5 .5 .8 1.3 2.4 4 .5 8.4 14.4 17.0 27 • .. Full Wave C: B, C, J, ;;; Centertap 48.0 .78 1.2 1.92 3.6 7.0 13.2 22.5 26.5 39 0 1.0 1.6 2.56 4.8 9.0 16.8 28.8 34.0 52 

& Brtdae M 

• Triple 
E 4.2 3.0 4.6 7.5 13.8 23.3 43.5 74.0 87.3 132.0 4 .0 6.2 10.0 15.6 30.0 56.0 96.0 113.4 176 = Diametric 

f Wye & I L, S 18.0 . 
Bridae I T, Y,Z 4.2 1.16 1.8 2.88 5.4 9.5 17.8 30.2 35.6 60.0 1.56 2.4 3.84 6.8 12.2 22.8 40.0 46.0 80 

li .. Double Wye F 4.2 2.1 3 .3 5.25 9.9 19.0 35.6 60.4 71.3 108.0 2.84 4.4 7.0 13.2 24.8 45.6 78.6 92 .4 144 

Star u 4.2 1.5 2.28 3.6 6.9 13.5 25.2 42.7 50.6 75.0 2 .0 3.0 4.8 8.4 17.2 32.6 55.2 65.6 100 

.. Parallel Bridge 
I Ci) 1.2 1.5 2.28 3.6 6.9 13.5 25.2 42.7 50.6 75.0 2.0 3 .0 4.8 8.4 17.2 32.6 55.2 65.6 100 = without IPT 

"' .. :1~1l~ Brldae .!! I Ci) 1.2 2.1 3.3 5.25 9.9 19.0 35.6 60.4 71.3 108.0 2.84 4.4 7.0 13.2 24.8 45.6 78.6 92.4 144 
"' 

Serles 
Bridce K (i) 1.2 1.16 1.8 2.88 5.4 9.5 17.8 30.2 35.6 60.0 1.56 2.4 3.84 7.2 12.2 22.8 39.2 46.0 80 

© Ordered under special p,rt numbers. Contact local IR Field Office or El Secundo for Information. 

wigfi
Stolen 2 Line Transparent
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"' 
I .......... -..... ------~ I'--. ...... ....._ 
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Fig. 4 - I ntermlttent Duty Re-Rating 
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The curves shown apply to single phase ½ wave, centertap, bridge 
resistive or Inductive load and three phase ½ wave circuits. For 
three phese bridge and six phase star circuits, the forward voltage 
drop will be approximately 88% of that shown. 

Flg. 5 -Typical Forward Voltage Drop vs. Current Density 

I I MARMS 
,,/ m ,w /) cru ,, / . SILICON Di00£ ✓1/ 

th600, IOC2 ,., ... 1/7 Of EOUIV ;-', 

STD, OOUBt.E. TRIPLE. & QUAD DENSITY ....,_,. 1/ K HIGH VOi.TAG[ .,,,,.,~.,,,,. __,,,,,,-
I ' 

? :_-_ _,,,_ ~ 
10 20 30 40 50 60 70 80 90 100 110 

% Of RATED INVERS£ VOLTAGE 
NOil LOW l£AKAG£ CELLS ARE AVAllABL£ UPON R(QUEST. 

Rated VolW,e Mu. Ret.d LNlul&• Cu.....,t 
(Volts RMS (mA RMS/ Inches' active area) 

22 11.2 

26 9.5 

30 8.25 

33 7.5 

36 6.6 

45 © 5.5 

<D High Volta,e Type 

Fig. 6-Typlcal Leakage Current vs. Reverse Voltege 
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TABLE 5 - STACK MOUNTING DIMENSIONS (MTG) 
Dimensions for Mounting Styles A, B, C, and D 0 (See Fig. 7) 

A, a, C Cells L Cells 
Cells Wide Standard Narrow Wide Standard 

I 1.0 1.0 0.88 1.06 1.06 

2 1.19 1.12 1.0 1.38 1.38 

3 1.44 1.31 1.19 1.75 1.63 

4 1.63 1.5 1.38 2.06 1.88 
5 1.88 1.69 1.5 2.38 2.12 

6 2.12 1.88 1.63 2.75 2.44 

7 2.38 2.12 1.75 3.06 2.75 

8 2.56 2.25 1.94 3.38 3.0 

9 2.81 2.5 2.12 3.75 3.25 

10 3.0 2.63 2.25 4.06 3.5 

11 3.12 2.88 2.38 4.38 3.81 
12 3.5 3.06 2.56 4.75 4.06 
13 3.75 3.25 2.69 5.06 4.31 
14 4.0 3.44 2.88 5.38 4.63 

15 4.19 3.63 3.0 5.75 4.88 
16 4.44 3.81 3.12 6.06 5.12 

17 4.63 4.0 3.31 6.38 5.44 
18 4.88 4.19 3.44 6.75 5.69 
19 5.12 4.38 3.63 7.06 6.0 

20 5.38 4.56 3.75 7.38 6.25 

21 5.56 4.75 3.88 7.75 6.5 
22 5.81 5.0 4.06 8.06 6.75 

23 6.0 5.19 4.19 8.38 7.06 

24 6.25 5.38 4.38 8.75 7.31 

25 6.5 5.5 4.5 9.06 7.63 

26 6.75 5.75 4.63 9.38 7.88 

27 6.94 5.88 4.75 9.75 8.12 

28 7.12 6.12 4.94 10.06 8.38 

29 7.38 6.25 5.12 10.38 8.69 

30 7.63 6.5 5.25 10.75 9.0 

31 7.88 6.69 5.38 11.06 9,25 

32 8.06 6.88 5.5 11.38 9.5 

33 8.25 7.0 5.69 11.75 9.75 

34 8.5 7.25 5.88 12.06 10.0 

35 8.75 7.44 6.0 12.38 10.31 

36 9.0 7.63 6.12 12.75 10.63 

37 9.25 7.75 6.25 13.06 10.88 

38 9.44 8.0 6.44 13.38 11.12 

39 9.69 8.12 6.63 13.75 11.38 
40 9.88 8.38 6.75 14.06 11.69 

RECTIFIER I ICIR I 

o, P Cells 

Narrow Wide Standard Narrow Wide 

1.06 1.5 1.5 1.5 1.5 

1.25 2.0 1.88 1.75 2.25 

1.5 2.56 2.25 2.06 2.94 

1.69 3.12 2.63 2.31 3.56 

1.88 3.75 3.0 2.62 4.31 

2.12 4.31 3.38 2.88 5.0 

2.38 4.88 3.75 3.19 5.75 

2.5 5.5 4.19 3.5 6.44 

2.75 6.0 4.5 3.75 7.12 

3.0 6.63 4.88 4.06 7.88 

3.12 7.19 5.31 4.38 8.56 

3.38 7.75 5.69 4.63 9.25 

3.63 8.31 6.06 4.94 10.0 

3.75 8.88 6.56 5.19 10.69 

4.0 9.44 6.81 5.5 11.38 

4,19 10.0 7.19 5.81 12.12 

4.38 10.56 7.56 6.06 12.81 

4.63 11.12 7.94 6.38 13.5 
4.81 11.69 8.31 6.63 14,19 

5.0 12.25 8.69 6.94 14.88 

5.25 12.88 9.06 7.19 15.63 

5.5 13.44 9.44 7.5 16.31 

5.69 14.0 9.81 7.75 17.0 

5.88 14.5 10.25 8.06 17,69 

6.12 15.12 10.31 8.38 18.38 

6.31 15.69 11.0 8.63 19.06 

6.5 16.25 11.38 8.94 19.75 

6.75 16.81 11.75 9.25 20.56 

6.94 17.38 12.12 9,5 21.25 

7.12 18.0 12.5 9.81 21.94 

7.38 18.56 12.88 10.06 22.63 
7.56 19.12 13.25 10.31 23.31 

7.75 19.69 13.63 10.63 24.0 

8.0 20.31 14.0 10.88 -
8.19 2088 14.38 11.19 -
8.38 21.44 14.75 11.5 -
8.63 22.0 15.12 11.75 -
8.81 22.5 15.5 12.06 -
9.0 23.06 15.88 12.38 -
9.25 23.69 16.31 12.63 -

(i)Standard spacln1 systems. To obtain other mountlna dimensions, spacers are added to end assemblies to attain correct measurement. 

Dimensions for Mounting Style E (See Fig. 7) 

F, H, J Cells 

Standard 

1.5 

2.12 

2.69 

3.25 

3.81 

4.44 

5.0 

5.63 

6.19 

6,75 

7.38 

7.94 

8.5 

9.06 

9.69 

10.25 

10.81 

11.38 
12.0 

12.56 

13.12 

13.75 

14.31 

14.88 

15.5 

16.06 

16.63 

17.25 

17.81 

18.38 

18.94 

19.5 

20.19 

20.75 

21.31 

21.88 

22.44 

23.0 

23.56 

24.12 

Cells A, a , c Cells L Cells o, P, F, J, H Cells 
1 0.38 0.63 0.44 

2 0.44 0.63 -
3 0.69 1.0 -
4 0.69 1.0 -
5 0.94 1.0 -
6 0.94 - -
7 1.0 - -
8 1.0 - -

Eielet Clearance for: 
( Im. 0-Mu.) 8•32 Bolt 5/ 16 Bolt 

Narrow 

1.5 

l.81 

2.12 

2.44 

2.69 

3.0 

3.31 

3.63 

3.94 

4.25 

4.56 

4.81 

5.12 

5.44 

5.75 

6.0 

6.31 

6.63 
6.94 

7.25 

7.5 

7.81 

8.12 

8.44 

8.75 

9.0 

9.31 

9.63 

9.94 

10.25 

10.5 

10.81 

11.12 

11.44 

11.75 

12.06 

12.31 

12.63 

12.94 

13.25 
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Fig. 7 - Standard Dimensions of Selenium Rectifier Stacks 

Bolt Mounted Style A 

Stud Mounted Style B 

r1 
(\II 

Bolt & l Mounting Bracket Style C 

Bolt can be used up to 
listed Max. Dim. 

Plate Size Max. Olm, 

Stud used above 
A, B, C 2.81 

Max. Dim. L 3.12 

TABLE 6-STACK DIMENSIONS 

Plate 
Active Plate Size H 
Ana Max. J 

Colle (111. In.) Thread Width Hert Termlnal 
F E1t. Ext. 

A 0.62 1.0 1.0 0.44 0.38 

B 1.0 1.2 1.2 0.44 0.38 

C 1.63 1.5 1.5 0.44 0.38 

L 3.0 2.0 2.0 0.63 0.38 

D 7.0 3,0 3.0 0.63 0.75 
p 13.2 4.0 4.0 0.81 0.75 

J 22.5 4.0 6.0 1.19 0.75 

F 26.5 5.0 6.0 1.19 0.75 

H 41.0 6.0 7.25 1.13 0.75 

Plate Size 

D,P 

J, F, G, H 

K 
Stud 
Size 

8-32 

8-32 

8·32 

¼·20 

¾-16 

¾·16 

¾·16 

¾·16 

¾·16 

Max. Olm. 

5.0 

4.25 

r, 
(\ I I ,"') 

I I I I 

d~ r-----MTG----1 -I d-
(D (D 

Stud & 2 Bracket Mounting Style D 

r1 
(\ I I 1') HMAX. 

I I / I 

Eyelet Mounting Style E 

r, 
I I 

r,__L 
I I HMAX. 

1 

~:=t/ J~... ' 
Dual Stud Mounting 

Dimensions (Inches) 

s 
Style (D M H p R Slot Slze V 

Bracket Mnffij Bracket T overall Hel1ht Width Wld E1t. Len1th Width Width C D 

1.56 1.0 0.59 0.22 0.25 0.16 - - 0.25 0.5 

1.88 1.5 0.75 0.22 0.31 0.16 - - 0.25 0.5 

2.0 1.5 0.75 0.22 0.31 0.16 - - 0.25 0.5 

2.38 1.5 0.75 0.31 0.36 0.17 - - 0.31 0.62 

3.94 3.0 1.5 0.31 0.5 0.22 - - 0.41 0.81 
4.75 3.0 1.5 0.34 0.5 0.22 - - 0.41 0.81 
6.63 4,0 2.0 0.34 0.5 0.22 4.06 8.06 0.41 0.81 

6.63 4.0 2.0 0.34 0.5 0.22 5.06 10.06 0.41 0.81 

7.88 4.0 2.0 0.34 0.5 0.22 6.06 12.06 0.41 0.81 

(D To obtain bracket mountln& dimensions, add the dimension listed under applicable style to mtg. dimension from Table 5, 

co 
.5 
E 
:, 
0 
~ 
I 
"' ...: 
0 
~ 

v.i 
E 
:, 
·2 

II 
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STANDARD STACKS 

These standard stacks are listed for easy. off-the-shelf ordering. 
They have been expressly designed to meet the widest possible 
variety of industrial requirements in addition to assisting in 
standardization and reducing inventories. 

TABLE 1 - STACK RATINGS AND DIMENSIONS 

Output Circuit Dimensions (Inches) 
Mu. a. Con• 

Type DC DC Input nectln1 
Volts Amp AC 0111. Fla. A 8 MD X y Stud 

VolU fl&. 

Jl4C04 0 0 .5 36 1 3 l.O 1.0 l 12 .38 .44 8·32 
Jl4Cl 1.5 36 I 3 1.5 1.5 1.12 .38 .44 8-32 
Jl4C5 to 5.0 36 1 3 3.0 3.0 1.12 .75 .63 ¾ ·16 
Jl4C8 10.0 36 1 3 4.0 4.0 1.88 .75 112 ¾ -16 
J14Cl 7 14 20.0 36 1 3 6.0 5.0 2.12 .75 1.25 ~--16 

)29804 0 0.5 36 2 4 l.O 1.0 1.5 .38 .44 8-32 
J29BI 1.5 36 2 4 1.5 1.5 1.5 .38 .44 8-32 
)2985 to 5.0 36 2 4 3.0 3.0 2.63 .75 .63 ¾·16 
J2988 10.0 36 2 4 4.0 4.0 263 .75 1.12 ¾-16 
)29817 29 20.0 36 2 4 6.0 5.0 3.25 .75 1.25 ~ -16 

)58804 0 0.5 72 2 4 1.0 1.0 2.25 .38 .44 8-32 
J5881 1.5 72 2 4 1.5 1.5 2.25 .38 .44 8-32 
)5885 to 5.0 72 2 4 3.0 3.0 4.19 .75 .63 ¾ -16 
)5888 : 10.0 72 2 4 4.0 4 .0 4 .19 .75 1.12 ¾-16 
)58817 58 : 20.0 72 2 4 6.0 5.0 5.63 .75 1.25 ~ -16 

Jl16804 0 I o.5 144 2 4 1.0 1.0 3.81 .38 .44 8-32 
J11681 1.5 144 2 4 t.5 1.5 3.81 .38 .44 8-32 
Jl 1685 to 5.0 144 2 4 3.0 3.0 7.19 .75 .63 ~ -16 
)11688 10.0 144 2 4 4.0 4.0 7.19 .75 1.12 ¾-16 
J116Bl7 116 20.0 144 2 4 6.0 5.0 10.25 .75 1.25 ¾ -16 

Jl35804 0 0.5 180 2 4 1.0 1.0 4 .56 .38 .44 8-32 
Jl3581 1.5 180 2 4 1.5 1.5 4.56 .38 .44 8-32 
Jl3585 to 5.0 

180 I 2 4 3.0 3.0 8.69 .75 .63 ~ -16 
Jl3588 10.0 180 2 4 4.0 4.0 8.69 .75 1.12 'Ml-16 
Jl35817 135 20.0 180 2 4 6.0 5.0 12.56 .75 1.25 ~ -16 

For forced cooling reratln&, see Double Density Curve, Fl1ure 3, pa1e 23. 

BATTERY CHARGER STACKS 

Truly universal and economical selenium rectifiers for "Fast 
Chargers." Fully rated at 100 and 60 Amps, with fan cooling, 
these rectifiers offer instant replacement or instant design 
solution for battery c hargers. Bo th forward a nd reverse 
configurations are listed. 

TABLE 2-BATTERY CHARGER STACK RATINGS 

Output Max. Input Circuit Dimension 
Type AC VolU© Dla~ram Dlw•m 

DC Volts DC Amps ~ ,. I• 

BCRlOO 6-12 50-100 33 5 7 

BCR60 6-12 30-60 33 5 7 

BCFlOO 6-12 50-100 33 6 7 

8CF60 6-12 30-60 33 6 7 

(j) Forced convection cooled. 
© Line-to-line voltaae (see Flaures 5 & 6). 

Circuit end Connecting Dlaa:rams 

JllltE] 
Fig. 1 - Center Tap Fla;. 2 - ,Sing le Phase Bridge 

Fig. 4 

] 
Fia;. S - BCR Circuit Fig. 6 -BCF Circuit 

Stack Dimensions (In.) 

A B C 

BCRlOO 3.88 5.64 Ne& (-) 
BCR60 2.44 3.94 Neg (-) 
8CF100 3.88 5.64 Pos (+) 
BCF60 2.44 3.94 Pos (+l 

Fig. 7 - Battery Cha,.er Stack Dimensions. 
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MULTI-CIRCUIT STACKS 

Each J-D Selenium Stack is a dual doubler with the hardware 

supplied to connect the circuits shown in Figures 2 thru 6. 
ranges are possible by connecting and interconnecting 

individual and multiple units. 

Multiple circuit applications, and broad current and voltage External hardware supplied by user is required to inter­

connect individual units as shown in Figures 7 and 8. Instruction 

Fig. l 

Fig. 2 - 2 Doubler Stacks 

NOTE: supplied conflauratlon-Bus.s as shown 
for indicated circuits. 

Fig. 3 Half Wave or Doubler Type With Center Link 

,., ,., 

·I j ►I ,, ~ ·I ►I ·! ►I ·l 
l+I 

Fig. 4 - Center Tap, Common Positive 

(-) 

Al 
.. , al .. 1 ~fl .. , cl .. , 

rl 
,., ,., 

Fig. 5 - Center Tap, Common Negative 

sheets are included with each unit. 

TABLE 1 - STACK RATINGS AND DIMENSIONS 

(connected as 10 bridae) 

OUIIJUt Input Dimensions (Inches) 

DC AC F II 
IR A B C D E Stud Nale 

Number Volt Amp V RMS Size Size 

co 
J29D2 29 2.0 36 1.50 2.25 2.00 1.50 1.50 8-32 :!l 

o-
© )5802 58 2.0 72 2.25 3.00 2.00 1.50 1.50 8·32 i~ 

J135D2 135 2.0 180 4.56 5.31 2.00 1.50 1.50 8-32 
0 

J29D7 29 7.0 36 2.62 4.12 4.38 3.00 3.00 'Ml-16 .265 
@ J58D7 58 7.0 72 4.19 5.69 4.38 3.00 3.00 'Ml-16 .265 

Jl35D7 135 7.0 180 8.69 10.19 4.38 3.00 3.00 'Ml-16 .265 

J29D13 29 13.0 36 2.62 4.12 5.19 4.00 4.00 'Ml-16 .265 
@ J58D13 58 13.0 72 4.19 5.69 5.19 4.00 4.00 'Ml-16 .265 

)135013 135 13.0 180 8.69 10.19 5.19 4.00 4.00 'Ml-16 .265 

J29D25 29 25.0 36 3.25 4.75 7.25 6.00 5.00 ¾-16 .265 

© J58D25 58 25.0 72 5.62 7.12 7.25 6.00 5.00 ¾-16 .265 

J135D25 135 25.0 180 12.56 14.04 7.25 6.00 5.00 %-16 .265 

(D Supplied with #20 copper wire for busslng. 
@ Supplied with hardware as needed for bussing. 

for forced cooling reratlng, see Triple Density curve, Flcure 3, page 23. 

(-J 

Al 
.,, al .,, cl ~ 

ol 
·',.,cl 

.. , 
rJ ,., 

!+I 

Fig. 6 - Single Phase Bridge 

------AC-----: 
' ~ , ~ I : i: ; 

------------· f - - - - - -AC - - - - - i 

; -·~ I : + 
' . ' ------~---· --· 

,c -. 

' '7-1-1-'I-,-': 
' -- } ' --------~ 

Fig. 7 3-J 135D25'S 
for 360 VRMS Max. 
Input, up to 450 voe 
at 35 Amps DC Output. 

~-- ---------7 ~------------; 
I N; ! I , ·· 1 ~--...,:,---......,::--1 __ ..., I ; 

L ____________ J I------------' 
,... ------------. 
' ' ' : -·- I . .. ; 
'------------· 

.. I 
' ' ' ' ---- ------------

,.------ -----, 
' 

.c ~----- ~ ---·~ ___ : 

;--· ---------7 

M; : - · - I ~ : 
' ' ' --- ---- .. - -- --

Fig. 8 6-Jl35D25'S 
for 720 VRMS Max. 
Input, up to 900 VDC 
at 35 Amps DC Output. 

+ 

"' ~ 
() 

"' ... 
(I) -':i 
~ 

~ 
":i 
~ 

■ 
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LOOSE CELL KITS 

Special ApplJcatlon Cells 
International Rectifier offers three series of special cells to 

meet specific requirements. These cells are available with or 
without hardware or assembled as mentioned below. 

Exclusive Center-Tap Cells 
!R's exclusive split counter-electrode cells are designed for 

single cell rectifiers; such as borne battery chargers. The center 
tap cells are available under the part numbers in Table I as 
assembled units, or as loose cells. Figure I shows the center-tap 
cell assembly, the application schematic, and the plate 
dimensions. Figure 2 shows the configuration of the loose center­
tap cell. 

Commercla.l Serles 
Five series of commercial cells with the popular dead-center, 

dead-border configuration are available from IR. Instead of 
being masked as the industrial cells, these cells are coated 
with epoxy to form the dead areas, as shown in Figure 3. This 
cell construction allows assembly of stacks with metal washers 
in place of bellows springs and is available in both single and 
double density current ratings. 

Industrial Cells 
Figure 4 gives the outline and dimensions for industrial cells 

available with or without the hardware listed in Table 2. For 
specific applications, the contents of the kits may be varied as 
required. The quantities shown are the suggested items for 100 
cells. 

Application Data 
Figure 5 shows a typical selenium stack assembly, and identi· 

fies the parts and terminals available. For further information, 
or to discuss your specific application, feel free to contact your 
local IR Field Office or IR's El Segundo Offices. 

Fi&, 4 - Industrial Cells 

D <'',; 635 L @$ ,'453~ I- ~~ ..i. 

~0 -L 402 ~ i:fil'S4~ ~~SQ~ DIA. . SQ 

~3~S(l_J J 

l 
1125 
m. 

p T 
•531 r .M4 

; _j_ 
,, .637 r IYP. 969~0 .541 DIA. ,.~ 

_t_ I ..L:' r 
J75 ilA.o S41 DIA. 

-1._.:'! T 

TABLE 1 - CENTER-TAP CELLS 

Part Number c,11 Input 011,ut 
Sin Vrms A c 

62-0324 C 33 1.5 
62-0325 L 33 2 
62-0326 D 33 4 
62-0327 D 33 6 
62-0328 p 33 10 

Fi&, l - Center-Tap Cell Assemblies 

~~rff. 

DIMENSIONS 

D 
CELL A I C c111,anc1 

r~\t ·£/:/ for: 

C 1.22 1.75 .33 ::8 
L 1.69 2.25 .33 ::8 
D 2.25 3.25 .44 )(, 
p 2.69 4.25 .« K, 

DIMENSIONS 

CEU. A I C D ( f 

B 1.200 .468 .257© - .062 .100 
C 1.500 .468 .257© - .062 .130 
L 2.000 .640 .402 .330 .062 .145 
D 3.000 .88 .541 .453 .093 .195 
p 4.000 .88 .541 .453 .093 .195 HOI.£ 

C 
DIA. 

DIA. 
© Round hole only. Also IVllllble with .125 

hole on special order. 

Fill, 3 - Commercial Cells DIMENSIONS 

CELL A I 

Q .666 .257 

" 1.000 .257 
B 1.200 .257 
C 1.500 .257 
M 2.000 .257 

@#u, ~~m 
DIA. .A6I DIA. 

.CQ ~ 
nP ~if j m . : 

j_l#S·v H 

1125 ' 

l 
F 1YP ' ' ' 

l 
T 

' ' ' -J r•53 
•53-1 I-_j_ ~0 -,-.969 DIA. .541 DIA. 7.25 

~ :.....J.. 
969 LIA. D .S41 DIA. 6.~ 

...t.__:! T 

~ ~ •. ~SQ ~.~_j 
l 

~f-- s~ 

l l 
I ~ I 600 
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Fig. 5 - Typical selenium stack assembly and parts description 

( 
Bellows Springs Construction 

available in A, B, C, L, D, P, J, F and H cells 
Dead Center Construction 

available in Q. A, B, C and M cells 

1 Center stud 
2 Nut 
3 Lock Washer 
4 Metal end washer 

7 Insulating washer 
8 Insulating Tube 
9 Metal spacer washer 

10 Cell 
5 Pressure limiting washer 
6 Bracket 

11 Bellow spring contact 
12 Terminal lug 

Items 3 and 6 are supplied only in special order k its. 

TABLE 2 - PLATE KIT LIST 

Cell 
Center 

Nut 
Metal end Pressure tnsulatlnc 

Stud washer llmltln~ washer washer 
(10) (1) (2) (4) () (7) 

A 8-32 8-32 AN960·8L SP-183-1 SP-183-23 
(100) (5 It) (50) (50) (100) (75) 

B 8-32 8-32 AN960-8L SP-183·1 SP-183-23 
(100) (5 ft) (50) (50) (100) (75) 

C 8-32 8-32 AN960·8L SP-183·1 SP-183-23 
(100) (5 ft) (50) (50) (100) (75) 

L ¼-20 ¼-20 AN960·416L SP-183-8 SP-183-65 
(100) (5 ft) (50) (50) (100) (75) 

SP-183-10 D ¾-16 ¾·16 ¾ SP-183-10 
(100) (5 ft) (50) (50) (100) (75) 

p ¾-16 ¾·16 ¾ SP-183-10 SP-183-10 
(100) (5 ft) (50) (50) (100) (75) 

J ¾·16 ¾-16 ¾ SP-183-10 SP-183-10 
(100) (S ft) (SO) (50) (100) (75) 

F ¾-16 ¾·16 ¾ SP-183-10 SP-183·10 
(100) (5 ft) (50) (50) (100) (75) 

SP-183-10 SP-183-10 H ¾-16 ¾-16 ¾ 
(100) (S ft) (50) (SO) (100) (75) 

K, APPlt l
2x 1S6SLOT 

Standard terminal 
for cells A thru L 

lnsulatln& 
tube 

Metal spacer 
washer 

(8) (9) 

SP-190-9 SP-180-27 
(4 ft) (200) 

SP-190-9 SP-180-27 
(4 ft) (200) 

SP-190-9 SP-180-27 
(4 ft) (200) 

SP-195·1 SP·lB0-126 
(4 ft) (200) 

SP-195-2 
{ SP-180-53 

(120) 
(4 ft) SP-180-54 

(80) 

{ SP-180-53 
SP-195-2 (120) 

(4 ft) SP-180-54 
(80) 

{ SP-180-53 SP-195•2 (120) 
(4 ft) SP-180-54 

(80) 

SP-195-2 { SP-180-53 
(120) 

(4 ft) SP-180-54 
(80) 

SP-195-2 
{ SP-180-53 

(120) 
(4 ft) SP-180-54 

(80) 

NOTE, Numbers under headin&s refer to item numbers in Figure 5 
Numbers under Part Numbers refer to quantities In each standard kit of 100 cells. Non-standard kits are available. 

~ 1-­
.05/03 RADl~Ol!:.......1 I_L 
.03 X 45• CHAM. ON .312 
OORN£RS If 

010 
065 DIA. lllRIJ 

Special Faston terminal 
for A cells and larger 

-i r-.12S 
4 

1/S"HIGH _L 
SOI.DER TAB 

(REf. ONLY) 

Special Top Bus Bar 

.d t-250 

.r-151 
l/8"HIGH 

SOI.DER TAB 
(REF. ONI.Yl 
Special Side Bus Bar 

~ .15 

Standard terminal 

for O cells and larger 

Bellow sprln& Terminal 
contact IUJ 

(11) (1 ) 

SP-171-1 SP-151-102 
(100) (100) 

SP-171-1 SP-151-103 
(100) (100) 

SP-171-1 SP-151-104 
(100) (100) 

41-1924 41-007:t 
(100) (100) 

41-1849 SP-150-2.lA 
(100) (100) 

41-1849 SP-150-2.8A 
(100) (100) 

SP-170•2 SP-150-4.2A 
(100) (100) 

SP-170•2 SP-150-4.2A 
(100) (100) 

SP-170-2 SP-150-4.BA 
(100) (100) 

wigfi
Stolen 2 Line Transparent
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t 
.81 

_j_ 
<+> 

Fia. I - Hall WIiie stacks. 

MINIATURE STACKS 

This listing is a selection of miniature stack assemblies designed 
for application in various magnetic circuits and entertainment 
systems. The small size and high ratings inherent in these 
devices gives them broad utilization in many areas requiring 
miniaturized rectification at off-the-shelf prices. 

Some of the devices listed can be connected directly to a 
117 Volt ac input, while others require input networks or power 
supply systems for operation. 

Magnetic Amplifter Recdflcadon 

Bridges Q4M and Q8M can be modified to magnetic­
amplifier bridges by removing the ac busbar. This three ac 
terminal configuration makes it a convenient medium voltage 
magnetic amplifier system rectifier. 

TABLE 1 - STACK RATINGS AND DIMENSIONS 

1i .. e Dlmen1lon1 (In.) - c' t!s;-.. .5!2 ... .. E =- .!! .. 
.0 .... .. - .. ., =• & ,. ~:, "'1i :! ..,_ 
z ·:t • .!! 

A =;; =,. ,._ C .. .. 
!: uo ·- .. Sq. B ::E!:. ::Eo L> ::Eo,: i: 

HALF WAVE RECTIFIERS 

QIH 36 65 - 47 I 0.67 0.44 

A1H 36 100 - 22 1 1.0 0.44 

81H 36 150 - 15 1 1.2 0.44 

ClH 36 250 - 5 1 1.5 0.44 

MlH 36 500 - 5 I 2.0 0.44 

FULL WAVE RECTIFIER BRIDGES 

Q18 36 100 - - 2A 0.67 0.81 ---
Q4B 130 100 - - 2A 0.67 1.25 

Q88 260 100 - - 2A 0.67 1.75 

A18 36 180 - - 2A 1.0 0.81 

MB 130 180 - - 2A 1.0 1.25 

818 36 300 - - 2A 1.2 0.81 

ClB 36 600 - - 2A 1.5 0.81 

M1B 36 1200 - - 2A 2.0 0.81 

fia. 2A - Fullwave Stacks 

Fia. 28 - Ma1netlc Amplifier Stacks 

JCll __ j ___ j 
Fia. 2C - Doubler Stack 

1i • e Dimensions (In.) - c' iE .. .5!2 .. . .. e .!! .. .0 .... .. - •• =! I ~:, "'1i :, ..... z .... C'; A il =- ,._ .. 
!: ::E~ • o -- .. Sq. L> ::Eoc i: 

ENTERTAINMENT SYSTEM RECTIFIERS © 

E075l 130 75 380 - l 0.66 

E150L 130 150 380 - 1 1.0 

E300l 130 300 380 - 1 1.2 

E500l 130 500 380 - 1 1.5 

E650l 130 650 380 - 1 2.0 

MAGNETIC-AMPLIFIER BRIDGE, SINGLE PHASE 

Q4M 130 100 - - 28 0.67 

Q8M 260 100 - - 28 0.67 

VOLTAGE DOUBLER, SINGLE PHASE© 

Q8D 260 100 - - 2C 0.67 

(DEOO0L specifies tur mountlna shown In Fie. 2 and dimensions fisted. 
EOOOS specifies stud mountlnc. 
E0OOB specifies bracket mounttnc. 

© Ratlnas for 2 units connected as stnate phase brldae. 

I 

0.75 

1.0 

1.25 

1.25 

1.25 

1.25 

1.75 

1.25 
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CARTRIDGE ASSEMBLIES 

Offering both cartridge and diode configurations for halfwave 
circuits, and single phase bridge types, these rectifier assem· 
blies extend and expand the capability of the miniature stacks 
(page 30) as weU as the cartridge types (pages 32 and 33) and 
the diode type (page 36) to meet the lower power selenium 
rectifier requirements. 

TABLE 1 - DEVICE RATINGS AND DIMENSIONS 
HALF-WAVE CARTRIDGE TYPES {Ratings @ 35°C) 

Max. Peak Mu. RMS Input Volt11e (V) 
Part No. Reverse Volta&• M RtsistlYt Capacitive 

JUT! 190 135 66 

6UT1 390 270 132 

12UT1 760 540 264 

15UT1 950 675 330 

17UTI © 1060 765 380 

2oun 1270 900 440 

3VT1 190 135 66 

6VT1 380 270 132 

12VT1 760 540 264 

15VT1 950 675 330 

20VT1 1270 900 440 

3YT1 190 135 66 

6YT1 380 270 132 

12YTI 760 540 264 

15YT1 950 675 330 

20YT1 1270 900 440 

@ Type used for boosted e+ for television 

HALF-WAVE DIODE TYPES (Ratings @35°C) 

MIX. Peak Mu. RMS Input Volt11e {V) 
Part No. Reverse Volt11e (V) Resistive Capacitive 

RlHT so 36 25 

R2HT 100 72 so 

RJHT 150 108 75 

R6HT 300 216 130 

R9HT 450 324 175 

SINGLE PHASE BRIDGE TYPES (Ratings@ 35•C) 

Max. Peak 
Max. RMS Input Volt11e (V) 

Part No. Reverse Volta1e {VJ Resistive Capacitive 

VlBT so 36 36 

YlBT so 36 36 

RlBT so 36 36 

Output Curnnt {mAdc) 

Resistive Capacitive 

3.0 1 .8 

2.6 1.6 

2.2 1.3 

2.2 1.3 

2.2 1.3 

2.0 1.2 

7.0 4.2 

6 .0 3.6 

5.5 3.3 

5.0 3.0 

5.0 3 .0 

13 7.8 

12 7.2 

11 6.6 

11 6.6 

10 6 .0 

output Current (mAdc) 

Capacitive 

75 

75 

75 

75 

75 

Output Curnnt (mAdc) 

Resistive Capxltlve 

80 64 

200 160 

300 240 

Note: Doublers and Center-Tap Circuits are also available. Contact Local IR Field Office or IR's El Secundo Office. 

20 AWG 1lP 

t 

f 
225 MIN. 

_l 
Positive lead color coded red 

Type Mu. c,11 
Dia. Dia. 

UT .20# .125# 

VT .325# .250# 

YT .4SN .37SN 

Positive lead color coded red 

.L ~ ~ .. ~~~-~ 
VlBT & YlBT 1 -~ 

200 ~,~ ---1 M'. 

s~O=-= 
·~R~:kk~ ~ -~<· 

20011111--l M', 

sEO===-
Leads color coded: 
-=Black, +:Red, AC = Yellow. 

■ 
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PLASTIC CARTRIDGE RECTIFIERS 

Selenium plastic cartridge rectifiers are enclosed in IR's special 
plastic tubing. These cartridge rectifiers furnish Peak Reverse 
Voltage ratings from 63.5 to 1250 Volts with current range from. 
7 to 40 mA. 

IR's special thin selenium cells combine mm1mum space 
requirements with maximum voltage and current characteris­
tics. In addition, these special cells provide a reduced forward 
power loss which contributes to a low internal temperature 
rise. 

These cartridges are capable of heavy duty operation with 
no risk of catastrophic failure. 

The VP series differs from the VS series on page 33 only in 
the type of case and the limitations on cell size imposed by this 
special case. In addition, plastic tubing offers easy installation 
with no chance of shorting by electrically active exposed metal 
ferrules. 

0 VP6HP )1=== 

.-------.7~~ 
CELL 
SIZE 

VP=¼" 
VP:: !M,• 

ZP :: ½" 
XP :: ¾" 
WP :: I" 

TABLE 1 

MH. AC 

VOLTAGE 
FACTOR 

See Table I 
below 

Nominal DC 
Input Volta~• Output Volta11 

Veltase Peak (Volts RMS (Volts) 
factor Rewerse 

Voltase Cap, Cap. 
(Volts) RH, load Res. Load 

Load <D Load © 

I 63.5 45 22 17 22 

2 125 88 45 34 45 

4 250 177 90 68 90 

6 380 269 135 106 135 

8 500 353 180 135 180 

12 750 540 270 215 270 

16 1000 707 360 271 360 

20 1250 885 450 340 450 

TYPE OF 
CIRCUIT 

Slncle Phase: 
H = Halfwave 

TERMINALS 

P - P,ctall 

PLASTIC TYPES 

VP Cell YP Cell ZP Cell XP Cell WP Cell 

VPlHP YPIHP ZPIHP XPIHP WPlHP 

YP2HP YP2HP ZP2HP XP2HP WP2HP 

YP4HP YP4HP ZP4HP XP4HP WP4HP 

YP6HP YPSHP ZP6HP XP6HP WP6HP 

YP8HP YP8HP ZP8HP XP8HP WP8HP 

VP12HP YP12HP ZP12HP XP12HP WP12HP 

VP16HP YP16HP ZP16HP XP16HP WP16HP 

VP20HP YP20HP ZP20HP XP20HP WP20HP 

Cell 
Trpe 

VP 

VP 

ZP 

XP 

WP 

125111N 
TYP 

Max. DC Output 
Current (mAJ 

RH. Cap. 
load Load 

7 4.2 

12 8.4 

20 14 

30 21 

40 28 

- L-
Nominal Max. Len1th (In.) - 0 -

Cell MH, 
Ola. (In.) voIta1e factor Ola. 

1-10 11-20 (In.) 

.,. .562 .765 .320 

'"' .562 .781 .450 

½ .754 .974 .597 

:v. .600 .820 .862 

1 .600 .820 1.142 

CD The RMS Input voltaees listed are maximum permissible when the 
rectifier-filter may be disconnected from the load while eneralzed, or 
when an ener&Y storaee capacitor Is the load. For other loads, a hl&her 
value of applied RMS voltace may be permissible as lone as the Peak 
Reverse Voltage rating Is not uceeded. 

© The de output volta1es hsted are cuidance values only. The actual de 
voltaee may be either hlcher or tower depend1n1 on the size of filter 
capacitor, and the relative time constants of the filter capacitor-source 
Impedance, and of the filler capacitor-load Impedance. 
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FERRULE CARTRIDGE RECTIFIERS 

These selenium cartridges are mounted in ferrule-tipped cases 
as compared with the plastic-cased cartridges listed on page 32. 
For flexibility in mounting, these cartridges are supplied either 
with or without leads. 

These series of selenium cartridges provide a Peak Reverse 
Voltage range of from 63.5 to 30.000 Vohs. 

Four of the most popular cell sizes are available in this type 
of cartridge. As listed in the table and the dimensional 
diagrams, the length and width of the cartridges varies with the 
cell size and the Voltage Factor. As compared with IR's special 
series plastic cartridges, these devices offer much higher 
voltages due to the longer case lengths available. 

The thin selenium cells used in these cartridges are 
developed especially by IR for this application. They offer 
maximum voltage and current characteristics with minimum 
space requirements. 

These cartridges remove the risk of catastrophic failure 
when used in the heavy duty operations for which they are 
designed. 

VS 12 HFP 

CELL 

SIZE (DIA.) VOLTAGE TYPE OF TERMINALS 

FACTOR CIRCUIT 
US= 1/e# FP = Ferrule 

Piatail 
VS=¼# See Table 2 Sinale Phase: 

YS = ~# Page 34 H = Halfwave F = Ferrule 

ZS=½" 

Qvs-- HF D 
I L I 

±n 
t 

/:2fJAWG 

[r-t]-vs---H-FPr-,01==== 
~1.38 I l . , 

TYPICAi. 

DIMENSIONS IN INCHES 

CELL 
NOMINAL 

CELL 
CELL 

DIAMETER ACTIVE TYPE CELL DIA. AREA 

us 1/e .125 .012 

vs ¼ .250 .049 

YS ~ .375 .110 

ZS ½ .500 .196 

See Table 2, page 34, for L dimensions 

J_ 
00 
t 

D- MAX. 
FERRULE 

DIAMETER 

.280 

.450 

.562 

.750 

I 
J 

■ 
I 
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TABLE2 

HelnlHI FURULE - P'ICTAIL TYl'ES FU_RUL[ TYl'ES 
Mu.AC l•pllt DC Outout 

Yottaa:1 (Yelb IIMS) Yoltase (Volts) 
-L-v,11a11 Peak 

Facter RlftrSI Cap. Cap. l H~ us c,11 vs c,11 YS Cell ZS Cell US Ctll VS Ctll YS Cell ZS Ctll Y1ltase 1111. Leid RH. Load (IIIC ) 
Leid © load © © 

1 63.5 45 22 17 22 I USIHFP(l) VSIHFP YSIHFP ZSIHFP USIHF(l) VSIHF YSIHF ZSIHF 
2 125 88 45 34 45 I US2HFP0 VS2HFP YS2HFP ZS2HFP US2HF(l) VS2HF YS2HF ZS2HF 

4 250 177 90 68 90 I US4HFP(l) VS4HFP YS4HFP ZS4HFP US4HF(l) VS4HF YS4HF ZS4HF 
6 380 269 135 106 135 I US6HFP(l) VS6HFP YS6HFP ZS6HFP US6HF(l) VS6HF YS6HF ZS6HF 

11 500 353 180 135 180 I USIIHFP(l) VS8HFP YS8HFP ZS8HFP USIIHF(l) VSIIHF YS8HF ZSIIHF 
12 750 540 270 215 270 I USl2HFP(l) VS12HFP YSl2HFP ZSl2HFP USl2HF(l) VSl2HF YS12HF ZSl2HF 
16 1000 707 360 271 360 I USI6HFP(l) VSl6HFP YSl6HFP ZS16HFP USl6HF(l) VS16HF YSl6HF ZS16HF 
20 1250 1185 450 340 450 I US20HFP(l) VS20HFP YS20HFP ZS20HFP US20HF(l) VS20HF YS20HF ZS20HF 
24 1500 1060 540 407 540 I US24HFP(l) VS24HFP YS24HFP ZS24HFP US24HF(l) VS24HF YS24HF ZS24HF 
28 1750 1240 630 474 630 I US28HFP(l) VS28HFP VS28HFP ZS28HFP US28HF(l) VS28HF YS28HF ZS28HF 
32 2000 1414 720 542 720 I US32HFP(l) VS32HFP YS32HFP ZS32HFP US32HF(l) VS32HF YS32HF ZS32HF 
40 2500 1770 900 678 900 1 US40HFP VS40HFP YS40HFP ZS40HFP US40HF VS40HF YS40HF ZS40HF 
48 3000 2120 1080 813 1080 l US48HFP VS48HFP YS48HFP ZS48HFP US48HF VS48HF YS48HF ZS48HF 
56 3500 2475 1260 950 1260 11/e US56HFP VS56HFP YS56HFP ZS58HFP US56HF VS56HF YS56HF ZS56HF 

63 4000 2830 1417 1084 1417 11/• US63HFP VS63HfP YS63HFP ZS63HFP US63HF VS63HF YS63HF ZS63HF 
71 4500 3185 1595 1220 1595 I~ US71HFP VS71HFP YS71HFP ZS71HFP US71HF VS71HF YS71HF ZS71HF 
79 5000 3540 1775 1355 1775 l½ US79HFP VS79HFP YS79HFP ZS79HFP US79HF VS79HF YS79HF ZS79HF 
95 6000 4250 2135 1627 2135 I¾ US95HFP VS95HFP YS95HFP ZS95HFP US95HF VS95HF YS95HF ZS95HF 

111 7000 4950 2500 1900 2500 2 USlllHFP VSlllHFP YSIIIHFP ZSlllHFP USlllHF VSIUHF YSIUHF ZSUIHF 
126 8000 5560 2835 2165 2835 21/• USl26HFP VSl26HFP YSl26HFP ZSl26HFP US126HF VSl26HF YS126HF ZS126HF 

142 9000 6370 3195 2440 3195 2½ US142HFP VS142HFP YSl42HFP ZS142HFP' US142HF VSl42HF YSl42HF ZS142HF 
158 10000 7070 3555 2710 3555 2~ US158HFP VS158HFP YS158HFP ZS158HFP US158HF VS158HF YSl58HF ZSl58HF 
174 11000 7780 3920 2980 3920 3V. USl74HFP VSl74HFP YS174HFP ZS174HFP US174HF VS174HF YSl74HF ZSl74HF 
189 12000 8490 4250 3250 4250 3~ USl89HFP VS189HFP YSl89HFP ZS189HFP USl89HF VS189HF YSl89HF ZSl89HF 

205 13000 9200 4620 3520 4620 3~ US205HFP VS205HFP YS20SHFP ZS205HFP US20SHF VS205HF YS20SHF ZS205HF 
221 14000 9910 4970 3790 4970 31,.. US221HFP VS221HFP YS221HFP ZS221HFP US22IHF VS221HF YS221HF ZS221HF 
237 15000 10610 5330 4070 5330 4¥, US237HFP VS237HFP YS237HFP ZS237HFP US237HF VS237HF YS237HF ZS237HF 

252 16000 11320 5670 4340 5670 4¾ US252HFP VS252HFP YS252HFP ZS252HFP US252HF VS252HF YS252HF ZS252HF 
268 17000 12030 6030 4610 6030 4~ US268HFP VS268HFP YS268HFP ZS268HFP US268HF VS268HF YS268HF ZS268HF 
284 18000 12740 6390 4880 6390 4¾ US284HFP VS284HFP YS284HFP ZS284HFP US284HF VS284HF YS284HF ZS284HF 

300 19000 13460 6750 5150 6750 51/e US300HFP VSJOOHFP YS300HFP ZS300HFP US300HF VS300HF YS300HF ZS300HF 
315 20000 14140 7090 5420 7090 5¾ US315HFP VS315HFP YS315HFP ZS315HFP US315HF VS315HF YS3I5HF lS315HF 
331 21000 14860 7450 5690 7450 5~ US331HFP VS331HFP YS331HFP ZS33IHFP US33IHF VS331HF YS331HF ZS33IHF 
347 22000 15580 71110 5960 7810 5¾ US347HFP VS347HFP YS347HFP ZS347HFP US347HF VS347HF YS347HF ZS347HF 
363 23000 16290 8170 6230 8170 6V. US363HFP VS363HFP YS363HFP ZS363HFP US363HF VS363HF YS363HF ZS363HF 
378 24000 17000 8510 6510 8510 6~ US378HFP VS378HFP YS378HFP ZS378HFP US378HF VS378HF YS378HF ZS378HF 
394 25000 17700 8870 6780 8870 6!1-e US394HFP VS394HFP YS394HFP ZS394HFP US394HF VS394HF YS394HF ZS394HF 
410 26000 18400 9230 7050 9230 51,.. US4I0HFP VS410HFP YS4I0HFP ZS410HFP US4I0HF VS410Hf YS410HF ZS410Hf 
426 27000 19100 9590 7320 9590 71/e US426HFP VS426HFP YS426HFP ZS426HFP US426HF VS426HF YS426HF ZS426HF 
441 28000 19800 9920 7600 9920 7¾ US441HFP VS441HFP YS441HFP ZS44IHFP US441HF VS441HF YS441HF ZS441HF 
457 29000 20500 10300 7860 10300 7% US457HFP VS457HFP YS457HFP ZS457HFP US457HF VS457HF YS457HF ZS457HF 
473 30000 21200 10630 8140 10630 7¾ US473HFP VS473HFP YS473HFP ZS473HFP US473HF VS473HF YS473HF ZS473HF 

Cl) The RMS Input vo1ta1es listed are maximum pennlsslble when the rec:tlller-fllter may be disconnected from the load while eneralzed, or when an eneru storage 
capacitor Is the load. For otl1er loads, • hl&her value of applied RMS voltaae may be permlnlble as lone as the Peak ReverH Volta1e ratin1 Is not exceeded. 

© The de output voltaaes listed are 1uldance values only. The actual de: vo1t11e may be either hl&her or lower dependln& on the size of filter capacitor, and the 
relallve time constants of the filter capacitor- source Impedance, and of the filter capacitor- load Impedance. 

© See paae 33 for dimensional dla1ram. 

@ US cell cartrld&es are .69 In. Iona. 
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MULTIPLY CURVE 
FOR OTHER CIRCUITS VALUES BY 
1 PHASE HALF WAVE CAP •....••.•....•......... 0.6 
1 PHASE BRIDGE OR C.T. RES •.....•........•. 2.0 
1 PHASE BRIDGE OR C.T. CAP .....•...•...•... 1.6 
3 PHASE HALF WAVE (YJ ........................ .. 2.6 
3 PHASE BRIOGE ...................................... 3.0 
3 PHASE STAR.. . .............................. 3.6 

100 

so 

r'\.. 
........ 

I\.. , .... 

' r--.... ~ ½" DIA. C[U 1YP£ ZS 
i,... I I I I I 

I\.. 
i,,."" 

Ii" 01A. cm TYP£ vs 

I'- 1t· olA. cfu irPt ~ 

' r--.. 
~i- .. ......_ 

~- DIA. cm TYPE us 

I ri•cti'Yiili I 
I 

VOi.TAG£ FACTOR 

Fig. 1-Maximum DC Output Current vs. Voltage Factor 

100 

90 

r--._ .......... 

' ' ' ........ 

' VOi. AG£ C RATINh , .... 
.... CIJR'IE 

....... , .... 
~, 

' CU!!IEHT 0£RATING ~ 

' ' CURVE ........ ' ' I",,.. 

' ' 
30 

• 40 ~ so ~ 60 ~ ro ~ ~ ~ 90 ~ ~ 
AM81£NT TEMPERATURE C°C) 

Fig. 2-Oeratlng Curves for Cartridges Operating at 
Elevated Temperatures 

REVERS£ 'IOI.TS ('IOI.TS RMS) 
60 SO 40 30 20 10 

.1 1 .3 .4 .S .6 .7 .8 .9 10 11 
FORWARD VOi.TAG£ OROP(YOI.TS RMS) 

Note the 
scale chanae 

DC mlcroammeter average readings converted to RMS 
readings by multiplying by the 1.11 form factor. 

Fig. 3-Typical Dynamic Characteristics 

I I I ~• I I I I 
.4 - (+ ) L@J c-

mA J 
ig ·l ,- oc 

I a;; ,.. (-) 

~--: .2 
it J 

I 
.1 

RMRS£ VOi. T AGE (VOi. TS DC) 
) 

60 so 40 30 20 10 l/ -- .11.3.4.S.6.7.8.91.01 

,, .,. FORWARD VOi.TAG£ OROf> (YOI.TS OC) 

'/ 
I 

I;; 
J 2~g 

I n B;i Note the 

J!i scale chln1e 

I ~ ~ 
H 

I I I I II I I I 
4 

Fig. 4 -Typical Static Characteristics 

• I 
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DIODE RECTIFIERS 

Selenium diodes for applications where temperature may be 
h.igh and where space and weight are important parameters. 
The miniature size and pigtail leads simpl.ify installation in 
compact, congested chassis. 

All the listed devices a re designed for operation in th e 
temperature range from -50° to 100°c. 

These rectifiers are ideal for applications in computers, air· 
borne systems, hearing aids, and entertainment systems. 

w m 

MENISCUS FOAMED AT 
L£AO ON TOP Of OIOOE 117 MAX. 

1.38 
MIN. 

TYPICAL RATINGS, AND CHARACTERISTICS@ 25• c 

Muilnwn llatln11 

AC lnpwt Voltaat 
JEDEC IR (Veils RMS) Rtctlfltd 
TYPE TYPE DC 

Ru. c-,. oui ut 
LIICI Lead 

1Nl627 lUl 33 20 J.75mA 
1Nl628 2Ul 66 40 3.7~mA 
1N1629 JUI 99 60 J.75mA 
1N1630 4Ul 132 80 3.75ml 

I N1631 SUI 165 100 J.75mA 
IN1632 6Ul 198 120 3.75mA 
1Nl633 7Ul 231 140 J.75mA 
I N1634 IUl 264 160 J.75mA 

I N1635 lVI 33 20 12.5 mA 
1Nl636 2Vl 66 40 12.5 mA 
1Nl637 JV! 99 60 12.5 mA 
I N1638 4Vl 132 80 12.5 mA 
1N1639 5Vl 165 100 12.5 mA 

I N1640 !YI 33 20 28.0 mA 
I N1641 2Yl 66 40 28.0 mA 
1Nl642 3Yl 99 60 28.0 mA 

<D For capacitive load use 80% of listed DC output current values. 
© IR Part Number Is stamped on body. 

SW&• 
1 ic. 
(mA) 

80 
80 
80 
80 

80 
80 
80 
80 

250 
250 
250 
250 
250 

550 
550 
550 

Ptak 
Renne 
Voltllt 
(Vtlts) 

48 
96 

144 
192 

240 
288 
336 
384 

48 
96 

144 
192 
240 

48 
96 

144 

Elt cttic11 Charactarlstlcs (DC) Mulffl• 

forward Ren no 
Dimens ions 

(Inches) 

freq. 
(KC) (Volts) I MU. 

(mA) 
(Volts) IMll, 

"" 
w L 

100 1 1.5 26 27 .190 .265 
100 2 1.5 52 27 .190 .265 
100 3 1.5 78 27 .210 .265 
100 4 1.5 104 27 .265 .265 

100 5 1.5 130 27 .285 .265 
100 6 1.5 156 27 .345 .265 
100 7 1.5 182 27 .345 .265 
100 8 1.5 208 27 .345 .265 

25 1 5.0 26 108 .320 .395 
25 2 5.0 52 108 .320 .395 
25 3 5.0 78 108 .360 .425 
25 4 5.0 104 108 .395 .425 
25 5 5.0 130 108 .395 .425 

10 I 11.0 26 240 .465 .525 
10 2 11.0 52 240 .465 .525 
10 3 11.0 78 240 .465 .525 

Color 
Codl•I 

Tip 

Brown 
Red 
Oran1e 
Yellow 

Green 
Blue 
Violet 
Gray 

I 
I 
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Fig. 1- Static DC Characteristics 
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CONTACT PROTECTOR CROSS REFERENCE LIST 
Listed IR parts are electrical substitutes for competitive 
devices. See page 17 for specifications. 

Bradley 
Part No. IR No. 

Sarkes 
Tarzian 

SP7M2Rl SIVIP 
Part No. 

SP7M3R2 S2VIP S-235 
SP7M5R3 S3V2P S-237 
SP7M6R4 S4V2P S-239 
SP7M7R5 S5V2P S-241 
SP7M8R6 S6V2P S-243 
SP7M9R7 S7V2P S-245 

- - ...._ ·-
SP7M4R2 S2V2P 

S-247 

SP7M6R3 S3V3P S-249 
SP7M8R4 S4V4P S-251 
SP7MIOR5 S5V5P S-253 
SP7Ml2R6 S6V6P S-255 

"- - -
SP7P2Rl SlZIP 
SP7P3R2 S2ZlP S-23S 
SP7P5R3 S3Z2P S-238 
SP7P6R4 S4Z2P S-240 
SP7P7R5 S5Z2P S-242 
SP7P8R6 S6Z2P S-244 
SP7P9R7 S7Z2P S-24S 

I- - ,__. ---
SP7P4R2 S2Z2P 

S-248 

SP7P6R3 S3Z3P 
SP7P8R4 S4Z4P 
SP7PlOR5 S5Z5P 
SP7Pl2R6 S6Z6P --

KLIP-SEL CROSS REFERENCE LIST 
A cross reference list of IR Klip-Sels which are electrical substi· 
tutes for the types listed. Similar information for other circuits 
and devices not listed is available upon request. See page 9 for 
Klip-Sel part number codes; page 13 for Standard part numbers. 

West. No. 
SDl AA· .._ __ 
-3AA 
-SAA 
-9AA 
-12AA 
-15AA 
-!SAA 
-21AA 
-24AA 
-27AA 
-30AA 
-33AA 
-3SAA 
-39AA 
-42AA 
-45AA 
-48AA 

IR No . 

KSA2DAM 
KSA3DAM 
KSA4DAM 
KSA5DAM 
KSASDBM 
KSA7DBM 
KSASDBM 
KSAIODBM 
KSAllDBM 
KSA12DBM 
KSA13DBM 
KSAl4DBM 
KSAISDBM 
KSAISDBM 
KSA18DBM 
KSA19DBM 

West. No. 
S03AA· 

-3AA 
-6AA 
-9AA 
-12AA 
•15AA 
-18AA 
·21AA 
-24AA 
-27AA 
-30AA 
-33AA 
-36AA 
-39AA 
-42AA 
-45AA 
-48AA 

IR No. 

SlVIP 
S2V1P 
S3V2P 
S4V2P 
S5V2P 
SSV2P 
S7V2P 

S2V2P 
S3V3P 
S4V4P 
S5V5P 
S6VSP 

SlZIP 
S2ZIP 
S3Z2P 
S4Z2P 
S5Z2P 
SSZ2P 
S7Z2P 

IR No. 

KSL2DAM 
KSL3DAM 
KSL4DAM 
KSL5DAM 
KSLSDBM 
KSL7DBM 
KSLBDBM 
KSLIODBM 
KSLl lDBM 
KSL12DBM 
KSL13DBM 
KSL14DBM 
KSL15DBM 
KSLISDBM 
KSLIBDBM 
KSL19DBM 

c-

ITT Federal 
Part No. 

8AlPSI 
8A2PSI 
8A3PS2 
8A4PS2 
8A5PS2 
8A6PS2 
8A7PS2 

8A2PS2 
8A3PS3 
8A4PS4 
8ASPS5 
8A6PS6 

ISAlPSl 
15A2PSI 
15A3PS2 
15A4PS2 
15A5PS2 
15A6PS2 
15A7PS2 

-
15A2PS2 
15A3PS3 
15A4PS4 
15A5PS5 
15A6PS6 

West. No. 
S04AA· 

-3AA 
-SAA 
-9AA 
-12AA 
-15AA 
-18AA 
-21AA 
-24AA 
-27AA 
-30AA 
-33AA 
-36AA 
-39AA 
-42AA 
-45AA 
-48AA 

-
IR No. 

SIVIP 
S2VIP 
S3V2P 
S4V2P 
S5V2P 
S6V2P 
S7V2P 

S2V2P 
S3V3P 
S4V4P 
S5V5P 
S6V6P 

-
SlZlP 
S2ZlP 
S3Z2P 
S4Z2P 
S5Z2P 
S6Z2P 
S7Z2P -S2Z2P 
S3Z3P 
S4Z4P 
S5Z5P 
S6Z6P 

IR No. 

KSL2DAM 
KSL3DAM 
KSL4DAM 
KSL5DAM 
KSLSDBM 
KSL708M 
KSLSDBM 
KSLIODBM 
KSLllDBM 
KSL12DBM 
KSL13DBM 
KSL14DBM 
KSL15DBM 
KSLlSDBM 
KSLlBDBM 
KSL19DBM 
----

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

INTERNATIONAL RECTIFIER I I,IR I 

KLIP-SEL CROSS REFERENCE LIST 

G.E. No. G.E. No. 
6RSSSP· IR No. 6RSZ1SA-

-181 KYIDPM -7D7 
-282 KY2DPM -8D8 
-383 KY3DPM -9D9 
-484 KY4DPM -10D10 
-585 KY5DPM -11D11 
-686 KY6DPM -12012 
-787 KY7DPM -13D13 
-888 KY8DPM -14D14 
-989 KY9DPM -15D15 
-10810 KYIODPM -16D16 
-11B11 KYllDPM -17D17 
-12B12 KY120PM -18D18 
-13813 KY13DPM -19D19 
-14B14 KY14DPM -20D20 
-15815 KY15DPM 
-16B16 KY16DPM 
-17817 KY17DPM 
-18818 KY18DPM G.E. No. 
-19819 KY19DPM 6RS25SA-
-20820 KY20DPM -1D1 

-202 
-3D3 
-4D4 

G.E. No. 
6RSZOSP- IR No. 

-5D5 
-6D6 

-181 KZlDPM -7D7 
-2B2 KZ2DPM -8D8 
-383 KZ3DPM -9D9 
-484 KZ4DPM -10D10 
-585 KZ5DPM -11D11 
-686 KZ6DPM -12012 
-787 KZ7DPM -13D13 
-888 KZ8DPM -14D14 
-989 KZ9DPM -15015 
-10B10 KZlODPM -16D16 
-11811 KZllDPM -17D17 
-12812 KZ12DPM -18D18 
-13813 KZ13DPM -19D19 
-14814 KZ14DPM -20D2D 
-15815 KZ15DPM 
-16816 KZ16DPM 
-17817 KZ17DPM 
-18818 KZ18DPM 
-19819 KZ19DPM Sarkes No. 
-20B20 KZ20DPM S487 

S488 
S489 
S490 

G.E. No. 
6RS21SA· IR No. 

S4908 
S491 

-1D1 KSAlDAF S492 
-2D2 KSA2DAF S493 
-3D3 KSA3DAF S493C 
-4D4 KSA4DAF S494 
-5D5 KSA5DAF S494C 
-6D6 KSA6D8F S495 

IR No. 

KSA7D8F 
KSA8DBF 
KSA9D8F 
KSA10D8F 
KSA11D8F 
KSA12D8F 
KSA13D8F 
KSA14D8F 
KSA15DBF 
KSA16D8F 
KSA17DBF 
KSA18DBF 
KSA19D8F 
KSA20D8F 

-

IR No. 

KSLlDAF 
KSL2DAF 
KSL3DAF 
KSL4DAF 
KSL5DAF 
KSL6D8F 
KSL7D8F 
KSL8D8F 
KSL9D8F 
KSLlODBF 
KSLllDBF 
KSL12D8F 
KSL13DBF 
KSL14DBF 
KSL15D8F 
KSL16D8F 
KSL17DBF 
KSL18D8F 
KSL19D8F 
KSL20D8F 

-

IR No. 

KSA2DAF 
KSA3DAF 
KSA4DAF 
KSA6DBF 
KSL6DBF 
KSA7D8F 
KSA8D8F 
KSAl 1D8F 
KSL11D8F 
KSA14D8F 
KSL14D8F 
KSA16D8F 

>---

~ 

I.T.T. No. 
1026-

-18Xl 
-28X2 
-38X3 
-4BX4 
-5BX5 
-6BX6 
-78X7 
-88X8 
-98X9 
-1D8XIO 
-11 BXll 
-12BX12 
-13BX13 
-148Xl4 
-158Xl5 
-168Xl6 
-l 78Xl7 
-188Xl8 
-198Xl9 
-208X20 

Vickers No. 

SP102 
SP105 
SP107 
SPl 10 
SPl 15 
SP117 
SP120 
SP125 
SP130 
SP135 
SP140 
SP150 
SP160 
SPl73 

Syntron No. 

SDOO 
S001 
S003 
S002 
S004 
S005 
S006 
S007 
SOOS 
S009 
SDlD 
SDll 

--

IR No. 

KSAlDAF 
KSA2DAF 
KSA3DAF 
KSA4DAF 
KSA5DAF 
KSA6D8F 
KSA7D8F 
KSA8D8F 
KSA9DBF 
KSAlODBF 
KSAI 1D8F 
KSA12D8F 
KSA13D8F 
KSA14D8F 
KSA15D8F 
KSA16D8F 
KSA17DBF 
KSAl8D8F 
KSA19D8F 
KSA20D8F 

IR No. 

KSAIDAF 
KSA2DAF 
KSA3DAF 
KSA3DAF 
KSA4DAF 
KSA5DAF 
KSA6D8F 
KSA7D8F 
KSA9D8F 
KSAl0D8F 
KSAl 1D8F 
KSA14D8F 
KSA17D8F 
KSAl9D8F 

IR No. 

KSAlDAF 
KSA2DAF 
KSA4DAF 
KSA3DAF 
KSA5DAF 
KSA6D8F 
KSA9D8F 
KSA11D8F 
KSA12D8F 
KSAl5D8F 
KSA17DBF 
KSA19D8F 

-

u 
(.) 
C 
u .. 
~ 
u 

0:: 

~ .. 
u 

• 
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IR FIELD OFFICES 

UNITED STATES 
ARIZONA 
Phoenlx-
Shefler•Kthn Company 
2017 N. 7th St,..t, Zip 85001 
Phone: (602) 258-7893 
TWX: 910-951·0659 

ALABAMA 
Huntsvm-
Grady Ducutt Sales Co. 
P. O. Box 35801, Zip 35810 
Phone: (205) 837-6026 

CALIFORNIA 
La Joll-
John J. Colbert Co. 
2501 Via Vitsta, Zip 92037 
Phone: (714) 454-1500 

LosAn1e1-
lntamat1on11 Rectifier 
401 E. M1nchtsltrL Zip 90301 
Phone: (213) 678•d81 

Mountain v1-
lnllm1tlon1I Rtctlfltr 
2158 Old Mlddltfleld Way, Zip 94040 
Phone: (415) 969-0660 
Telex: 34-8485 

COLORADO 
Dtnwr-
Shtfltr•Kthn Company 
2422 S. Downlnc s,,..,. Zip 80210 
Phone: (303) 733-6330 

FLORIDA 
Ml1ml-
lntem1llon1I Rtctlflw 
4230 S.W. 15th st ... t, Zip 33134 
Phone: (305) 445-5201 

GEORGIA 
Allani.-
Grady D11<:qtt S.lts Co. 
P.O. Box 29067, Zip 30329 
Phone: (404) 451 -3529 

ILLINOIS 
On Plaints (Chlca10}­
lnlem1tion1I Rectifier 
2720 Des Plaines A .. nu1, Zip 60018 
Phone: (312) 299-7181 
Telex: 72-6455 

IOWA 
Cedar Rapld-
Teltec Sales Corparatlon 
501 36th St,..t N. E . • Zip 52402 
Phone: (319) 362-8155 

MARYLAND 
Sliver Sprlnr (Wuhlncton, D.C.}­
lnt1m1tlon1I Rtctlfltr 
8605 Cameron Str"'· Zip 20910 
Phone: (301) 589-3305 

MASSACHUSETTS 
Atllncton (8oston)­
lnt1m1tlon1I Rtctlfltr 
361 Messachusatts A ... , Zip 02174 
Phone: (617) 643-1608 

MICHIGAN 
Livonia (Detrolt}-
1 ntem11ion1I Rectifier 
19500 Mlddlebelt Road, Zip 48152 
Phone: (313) 471-3131 

MINNESOTA 
Mlnnt1P0li-
lntematlon1I Rtellfltr 
5009A Excelsior Blvd., Zip 55416 
Phone: (612) 920-1200 

MISSOURI 
Hazelwood (St. louls}­
lnt1m1tlon1I Rtctlfltr 
47 vm,,. Squ1ra, Zip 63042 
Phone: (314) 838-6333 

NEW JERSEY 
P1llsadts P1rk­
lntem1tlon1I Rectifier 
71 Grand A ... , Zip 07650 
Phone: (N.J.) (201) 943-4554 

(N.Y.) (212) 565-0882 

NEW MEXICO 
Albuquerq­
Shtlltr•Kthn Company 
408 San Mateo Blvd. , N. E., Zip 87108 
Phone; (505) 265-7071 

NEW YORK 
Buffalo-
R. W. Mltschtr Co. Inc. 
496 Ellicott Squ1ra Buildlnc, Zip 14203 
Phone: (716) 854-2518 
TWX: 710•522·1225 
Telex: 9-1268 
New York City--
Phone: (212) 565-0882 

NORTH CAROLINA 
Ch1rlott-
lnttm11ion1I Rectlfler 
1135C Commercial A ... , Zip 28205 
Phone: (704) 372-9190 
Telex: 57-5 181 

OHIO 
c1 ... 11nd-­
lntem1tlon11 Rectifier 
25000 Euclid A ... , Zip 44117 
Phone: (216) 261-2135 
Telu: 98-0263 
Kett1rln1 (D1yton}­
lntem1tlon1I Rectilitr 
3490 S. Dlxlt Dr., Zip 45439 
Phone: (513) 299-2635 

PENNSYLVANIA 
Abln1ton (Phll1delphi1}­
lntem1tlontl Rtctilltr 
1355 Old York ROid, Zip 19001 
Phone: (215) 886-0130 

TENNESSEE 
Nnhvill-
R. W. Mitschtr Co. Inc. 
2508 Stone, Ri .. r Court, Zip 37214 
Phone: (615) 883-2220 

TEXAS 0,11,-
Texpart Company 
2411 Farrlncton Strati, Zip 75207 
Phone: (214) 631-6270 
TWX: 910-861-4507 

WASHINGTON 
S11111-
Electron1c Sales Corp. 
621 S. Mlchl11n St., Zip 98108 
Phone: S..ttle (206) 767•3160 

Portland (503) 224-0330 
TWX: 910•444-2054 

WISCONS IN 
Mllwaui..-
lnt1m1tlon1I Rectifier 
2825 N. Mayfair Road, Zip 53222 
Phone: (414) 258-2280 

INTERNATIONAL 
ARGENTINA 
Rayo Electronlca SRL 
B1l1r1no 990-6o. P. 
Buenos Alras, A,centln1 
Phone: 38-1799/37-9476 
Telex: 012·2153 
Cable: RAYOTRONICA 

AUSTRALIA 
Warburton Frankl Ltd. 
372 Eastern Valley Way 
Chatswood, N.S.W. 
Australia 2007 
Cable: PENTAGON 
W1rturton Frankl 
<Adtl1ld1) Ply. lid. 
322 Grana• Road. 
Kidman Park. S.A. 5025, Australia 
Phone: 56-7333 
Telex: 82579 
Cable: ZELEMITE 
Warburton Frankl 
(Brisbane) Ply. Ltd. 
13 Chester Str"t 
Fortitude Valley, Qld. 4006, Australia 
Phone: 51-5121 
Cable: FRIGDEL 

Werilurton Frankl Industries 
(Melbourne) Ply. ltd. 
220 Park St'"' 
South Melbourne, Vic. 3205, Australia 
Phone: 69-0131 
Cable: IGNITION 

Warburton Frankl Industries 
(Sydney) Ply. Ltd. 
307-315 Kent St. 
Sydney, N.S.W.2000, Australia 
Phone: 29· 1111 
C.blt: BOOSTER 

AUSTRIA 
Inc. Olfrlod Rlecer 
10, Muxarcessa 
A-1030 Wien 3, Austria 
Phone: 73 46 84 
Telex: 11087 

BELGIUM 
lntematlonel Rtetifler Europe S.A. 
202-204, rue Picard 
Brussels 2, 81l1lum 
Phone: 28 51 40 
Tel11: 22201 
Cable: RECTEUROPA 

CANADA 
lntem1tlon1I Rtellfltt Canada llmltod 
330 Nantucqt Blvd. 
Scarborouth, Ontario, Canada 
Phone: (416) 755-7793 
TWX: 610-492-1390 
Ttltx: 022-1510 

CHILE 
Luis M. Dt1maras S.A.C. (Distributor) 
Al1mod1 1150 
Casill1 761 
S.nt1110. Chile 
Phone: 82446•7•8 
Cable: DESMARAS 

FINLAND 
0y fllnqnbet1 A.B. & Co. 
Bultnnfl 28 ~~~=~163~~•;: 
Telex: 12533 

FRANCE 
lnt1tn1tlon1I Rectlfle, France S.A. 
99, Avenue Vanfltr 
92 • Montrou11, France 
Phone: 655-53-78 
TWX: 20743 

GERMANY 
lnt1m11ion1I Rectifier GmbH 
S.vi1nystrasse 41 
6 Frankfurt/Main 1, Germany 
Phone: 0611-729 286 
Telex: 4 13123 

GREAT BRITAIN 
lnt1m1tlon1I Rtctifle, Co. (G .B. ) Llmltod 
Hurst Graen 
Oxttd, Surrey, Enaland 
Phone: 3215 
Tel11: 95219 
Cable: RECTENG 

INDIA 
USHA Rectllltr Corporation (India) Ltd. 
12/ 1 Dell M1thura Road 
F1rld1bed, Ht,yana, India 
Phone: 82·203 
Cable: RECTIFIER-New Dtlhl•l 

ISRAEL 
ROT Electronics En1l""rin1 
19 Prof. Shor SlrMI 
P.O. Box 21082 

i~;::~ .. 2~~09~~9 
Cable: RADATCO 

ITALY 
lnt1m1llon1I Rectifier Corporation ltall1n1 
Via Prlvata L11uri1 19 
10071 Bor,1ro (Torino), ltaty 
Phone: 49 84 84 
Telex: 21257 

JAf'AN 
lnt1m1ll0111I Rtctlflar Corp. Uepan) Ltd. 
No. 10 Kowa Bulldlnc, 
No. 7·7, l•Chome, 
Abstu, Minato-Ku 
Tokyo, Japan 
Phone: (252) 8991, 8993 (252} 3096, 3095 
Cable; SILICONRECT 

MEXICO 
Gimbel Mexican, S. A. 
Electronics Division 
Av. Sonora 170 
P.O.B. 40·094 
Mexico 11, Mexico 
Phone: 14-92-19/14•92-20 
Telex: 017.71 .059 
Ca bit: CARG IM 

The NETHEltlANDS 
N. V, Diode 
Holl1nt111n 22, 
Utracht, Tht Netherlands 
Phone: 030-884214 
Telex: 47388 

NEW ZEALAND 
Amold & Wrl1ht, ltd. 
210 WIiiis St,..t 
Wtlllncton C, New Z11l1nd 
Phone: 50209 
Cable: ARNRITE 

NICARAGUA 
(5" V1neiutl1 llst,nc) 

NORWAY 
J. M. Felrlnc A.S. 
S1nd1brwlen 468 
Oslo 4, Norway 
Phone: 21 82 12 
Telex: 6435 
Cable: FEIRING OSLO 

PORTUGAL 
Eltctrotecnlcos Reunlclos LOA 
Aytnlda Duque d'Awllt 66 
Lisbon, Portu11I 
Phone: 41161 
Cable: ELECTROTECNICOS 

S l"AIN 
lnstrumentos Eltctronlcos de Precision S.L. 
68 l'eman Gonr1l11 
Madrid, Spain 

M. G1berro S.A. 
Rbla. Cat1lun1 80 
81n:elon1•8, Spain 
Phone: 215 19 00 
Cable: GABALECTRA 

SWEDEN 
A. 8. Nordqvist & e,,. 
Kvamc1t1n 14 
Stockholm SO, Sweden 
Mall: Box 4125 
102 62 Stockholm 4 
Phone: 44 99 80 
Telex: 10407 

SWITZERLAND 
lnteraltctronlc E. O.rtll 
Klrchenwec 5 
8008 Zurich, SWltzwland 
Phone: 34.84.46 
Tel11: 52563 
Cable: FORIX 

REPUBLIC OF SOUTH AFltlCA 
M. I. (SA) (PTY) LTD. 
P.O. Box 7037 
Joh1nnesbur1 (Tranmial) 
South Africa 

VENEZUELA 
Main Office: Louis D. Cohen y Cl,. 
5323 SW 8th St. 
Mltml, Florldt 33134 
Phone: 444-5111 
Cable: LOUCOHEN 

Louis D. Cohen & Ci,. 
F1llpe Alberto Lopez 
Apartado Postal 8363 
Caracas, Venezuela 
Cable: LOUCOHEN 
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I IR AUTHORIZED INDUSTRIAL DISTRIBUTORS 

UNITED STATES FLORIDA MISSOURI OKLAHOMA 
Miami-Gulf Electronics K1n111 Cltr-!ursteln-Applebee Co. Tulsa-OIi Capitol Eledn>nlcs Corp. 
1740 N.W. 69th A-ue, Zip 33148 3199 Merc11r Str11t, Zip 64111 708 South Sherid1n

54
Zip 74ll5 

ARIZONA Phont: (305) 887-6541 Phone: (816) 531-5614 Phone: (918) 836-2 I 
lWX: 810-848-8040 Saint Louis-Phoenlx-Klerulff Electronlcs 011 ... Industrial Electronics OREGON 

2633 E. Buckeye Road, Zip 85034 GEORGIA 6662 on ... Btw., Zip 63130 Portland-United Radio Surfily 
Phone: (602l 273-7331 Atl1nta-Specl1li OlstributlnJ Co. Phone: (314) 863-7800 22 N.W. Ninth A,..., Zip 97 09 
lWX: 910-9 1-1550 763 Juniper St., .E., Zip 30 08 lWX: 910-761-1166 Phone: (503) 226-6334 
Phoenix- Phont: (404) 873-2521 

PENNSYLVANIA R. V. Weatherford NEW JERSEY 1917 North 25th Ori ... Zip 85009 INDIANA 
Camden-Generel Radio Supply Co. Phllldelphl~lmo Electmilcs 

Ph-: (602) 272-71 I ndl1n1polls-- 600 Penn StrNt, fJ; 08102 Division of Sterllna Electmilcs Corp. 
Greh1m Electronlcs Supfly Inc. Phone: Camden ( ) 964-8560 R-11 Bl'ld. It Blue Gress Rd. , 

CALIFORNIA 122 So. Senate, Zip 46 25 Phll1delphi1 (215) 922-7037 Zip 19ll4 
Phone: (317) 634-8486 Phone: (215) 676-6000 

Glend1l-'1. V. Weatherford Co. Sprlnrllel~edtreted Purchastr Inc. TWX: 710-670-0469 
6921 San Fernando Road, Zip 91201 ILLINOIS 155 U. S. Routt 22, Zip 07081 Ttlu: 84-53-45 
Phone: (213J 849-3-451 Chlca,,.o-Allled Electronics Corp. Phone: (201) 376-8900 Plttsbur:.11--4:amtrldlo tomzrny 
TWX: 910•4 8 -2223 100 orth Western A,..., Zip 60680 lWX: 710-983-4450 2801 LI :¥ Ave., Zl&,152 
ln~twood-Ntwark Electronics Co., Inc. Phone: (3ll)_ 829·9100 Ph-: (41 i391-74 
47 7 Cantu~ Bl'ld., Zip 90301 TWX: 910· 1-5570 NEW MEXICO lWX: 710-6 -2016 
Phone: (213 678-0441 Chlcaao-Newark Electronics Corp. Albuque~-i<lerulff Electronics RHODE ISLAND TWX: 910-3 8-6178 500 N. Pulaski Rd

44
Zip 60624 2524 Bay or Drive S.E., Zip 87119 

Los An~l.-rtdtreted Purchaser Inc. Phone: (312) 638- II Phone: (505) 247-1055 Provtd•n-Wm. Oandreta l Compeny 
11820 . Olympic Bl'ld., 90064 TWX: 910-221-0268 lWX: 910-989-1693 28 Wolcott St., ZI p 02908 
Phone: (213) 272-8771 or 477-8274 Ttlu: 25-3518 Phone: (401) 861-2800 
TWX: 910-342-6892 Skolde-Merqulp Eltclronlcs, Inc. NEW YORK TENNESSEE 
Los An1tl-'llerulff Electronics 7701 North Austin Avenue, Zip 60076 Binlhamton-Stack lnduttrial Electronics 

Memrhl......aluff City Dist. Co. 2585 Commerce Way, Zip 90022 Phont: (312) 282-5400 10 uiquahanna Street, Zip 13901 
23-4 est StrNt, zl 38126 Phone: (213) 685-5511 lWX: 910·223-4519 Phone: (607) 723-6326 Ph-: (901) 276 501 

TWX: 910-580-3106 IOWA 
TWX: 510•252-0188 

Nashvtlle-Eltctre Dlstributlna Co. Buffalo-Radio Equipment Corp. Los Ana•l-'!adlo Products Salas Inc. Cedar Raplds-Oeeco Inc. 312 Elm Zip 14203 1914 Wast End A,..., Zip 37203 
1501 S. Hill Street, Zip 90015 618 First StrNt N.W. Zip 52405 Phone: 016) 856 -1415 Phone: (615) 255-8444 
Phone: (213) 748-1271 Phone:(800) 553-5421 or (319) 365-7551 
TWX: 910-321-2416 TWX: 910-525-1332 Buffalo-Summit Distributors, Inc. TEXAS 
Mountain VI- 916 Mein Street, Zip 14203 Dallat--Arto Electronics, Inc. 
Brill Semi Conductor KANSAS Phont: (716) 884-3450 

4241 Slrzma ROid, ZI~ 75234 
1065 Terra Balla A,..nut, Zip 94042 Wichita-Radio Supply Co., Inc. TWX: 710-522-1692 Phont: 14) 239 91 3 
Phone: (415) 961-1500 115 Laura Zip 67211 Farmln1dal-.Atrow Electronics Inc. (817} 263-323 I 
lWX: 910-379-6936 Phone: (316) 267-5214 900 Broad Hollow Rd. lWX: 910-860·5131 

I Oakland-arlll Stml Conductor 
Route 110, Zip 11735 Dallas--T. I. Supply 

LOUISIANA Phone: (516J 694-6800 610 E. 10th SlrNt, Zip 94040 TWX: 510·2 4-6494 6000 Denton Ori,.., Zip 752.35 
Phone: (415) 83-4·5888 New Orl•n~peor Phone: (214) 357-6121 
TWX: 910-366•7204 Orleans and North Haran, Zip 70119 Hlcbvtll,, Lona Island Talex: 73-0122 

Palo Alto-Klerullf Electronics 
Phone: (504) 486-7441 F. J . R. Electronics, Inc. El Pa~ldland Specialty Co. Telex: 58-4165 49 Bethpa1e Road, Zip 11802 2235 Wyomin/: A,..nut, Zip 79903 3969 E. Bayshore, ~ 94041 Phone: (516) 433-5530 Phona:(915) 33-9555 Phone: (415) 968-6 2 MARYLAND New York-Mll1rey/New York TWX: 910-379•6430 
Hyattsvllle-MIIJrey/Wuhfn,ton 160 Varick Str11t, Zip 10013 WASHINGTON 

San C.rl-Sterlln1 Electronics 5405 Lafayette lace, Zip 20781 Phone: (21~ 989-1600 Suttle-Electronic Salas Corp. 1061 Industrial W?; Zip 94070 Phone:(301) 864-1111 lWX: 710-5 l •5808 621 S. Mlchl&an St., Zip 98108 Phone: (415) 592- 353, 591-8292 TWX: 710-826-1127 Rochester-Rochastar Radio Supply Phone: Seattle (206) 767-3160 or 964·1616 Rockvtll~pltol Radio Wholaul, 140 Wnt Main Slreet, Zip 14614 Portland (503) 224-0330 lWX: 910-376-4398 
Ttlu: 34-8451 12227 WIikins A,..nu,, Zip 20852 Phont: (716) 454-6300 TWX: 910-444-2054 

Phone: (301) 942-7521 Telex: 97-8422 Tacom~ l G Electronics San 01110-Klerulff Electronics 
NORTH CAROLINA 2502 Jefferson A,..nut, Zip 98402 8797 Balboa A,..nut, Zip 92123 MASSACHUSETTS Phone: (206) 272-3181 Phone: (714¾ 278-2112 Boston-Saaer Electrical Suppl)' Co. Winston-Salim-

TWX: 910·3 5-1182 172 Hl&h StrNt, Zip 02107 Electronlc Wholasalen Inc. WEST VIRGINIA 
San 01110- Phone: (617) 542-2281 938 Burke StrN~ Zip 27102 Blutfiel6-Mountaln N1tional 
West.em Radio- Burlin,ton-Mlllrey/New En1land Phone: (919) 72 ·8711 924 Bland St., Zip 24701 
Division of Wyl1 Laboretorin 79 Terrace Hall .... , Zip 01803 Telex: 80-6416 Phone: (304) 325-9151 
1415 India Street, Zip 92101 Phone: (617) 272-6800 Charleston-Mountain National Phone: (714) 239-0361 Waltham•Sterllna Electronics OHIO 708 Blale, A .... , Zip 25321 

920 Main Street, Zip 02154 c1 .... 1and-Mll1r1y/C1, ... 1and Inc. Phone: (304) 344-34 ll 
COLORADO Phone: (617) 891-8700 1821 E. 40th St., Zip 44103 Telex: 88-5420 

Phont: (216i 881-8800 
Dtn,..,.._ MINNESOTA TWX: 810-4 1-8573 WISCONSIN 
Ntwark-Dan,..r Electronic Supply Corp. Mlnnaapolls--Stark Electronics Oayton--Esco Electronics Inc. MIiwaukee-Haiimark Electronic 
2170 S. Gre): Street, Zip 80222 112 Third A .... , North, Zip 55401 221 Cran, St., Zip 43403 11820 West Ripley Avenue, Zip 53226 
Phone: (303 757-3351 Phone: (612) 333-3361 Phone: (513) 224-9192 Phone: (414) 476-1270 
TWX: 910-931•0479 lWX: 910-576 -2714 TWX: 810·459•1717 TWX: 910-262-3059 

I 
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