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PREFACE

The use of semiconductor devices in circuits is growing at a rapid
rate. Solid-state power supplies to power these new circuits are also
being developed. Unlike the large vacuum-tube power-supply circuits,
solid-state circuits are small and compact; this in itself lends to the
versatility of the solid-state power supply and converter.

This book is a collection of solid-state power-supply circuits. It is
impossible to include all of the existing circuits in one volume. A se-
lection of typical circuits of each of the five different categories has
been included, with schematic diagrams, parts values, and all necessary
data to construct the circuits. In one reference source this book pro-
vides material that would otherwise have to be obtained from the
various manufacturers.

Acknowledgment must be given to the following manufacturers,
who supplied much of the data from which this book was prepared:
Bendix Corp.; CBS Electronics Division, CBS, Inc.; Delco Radio Div.,
General Motors Corp.; General Electric Co.; International Rectifier
Corp.; Motorola Semiconductor Products; Radio Corporation of
America; Sarkes Tarzian, Inc.; Texas Instruments, Inc.; Triad Trans-
former Corp.; and United Transformer Corp.
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INTRODUCTION

This book covers a wide range of solid-state rectifiers and power-
supply circuits as used in industrial equipment, hobby circuits, and
transmitter-receiver units of all types. Each circuit is complete with
parts values and all the information necessary to build the power

supply.

CIRCUIT WIRING

Although power transistors and rectifiers are very rugged devices
that can undergo considerable rough treatment, unnecessary mechan-
ical shock is to be avoided. It is important to avoid extreme shock
or excessive bending or twisting of the device leads when they are
being soldered. When operated within their normal ratings, these
components will provide a long and useful life. It is possible, how-
ever, that even small excessive voltage or excessive power demands
may instantaneously destroy a unit such as a power transistor.

When you are building or-experimenting with new circuits, it is
important to take certain precautions. The polarity of the power-
supply voltage for the circuit should be checked and then double
checked. An incorrect polarity can damage the transistors as well as
any electrolytic capacitors used in the circuit. After a new circuit is
built and it is being tested, the voltage should be applied in easy
stages, beginning with a value below normal, to check the basic wir-
ing to see if the circuit operation is correct. It is important to be very
careful of high-voltage surges at all times. If an unregulated 12-volt
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electronic power supply is constructed, it is possible to load this power
supply with a storage battery in order to stabilize the voltage.

If the power-supply circuit appears to be operating properly, the
rectifier current and collector current in the power-transistor stages
of a regulator, where one is used, should be measured and the bias
adjusted if necessary. This will prevent any long-term damage by
operating a transistor beyond its normal ratings.

All of these circuits have been tested; they have been conservatively
designed and will provide excellent performance. No layouts and
mechanical details are given since they vary widely with different
requirements as well as with the sizes and shapes of the components
employed. The choice of component parts is very important since
the performance of these circuits depends on the quality of the com-
ponents and the care taken in layout as well as the care taken in
construction. In almost all cases, transformers can be obtained from
local parts dealers by specifying the required characteristics. The
wattage ratings given for resistors are based on methods of construc-
tion that provide adequate ventilation, and compact installations with
ventilation less than normal may require resistors of higher-wattage
ratings.

Capacitor voltage ratings are the minimum d-c working voltages
required. Paper, mica, or ceramic capacitors with higher voltage
ratings than those given may be used if the physical sizes of such
capacitors will not affect the equipment layout. Where electrolytic
capacitors with much higher voltage ratings than those given are used,
they may not “form” completely at the circuit operating voltage, and
as a result, the effective capacitances may be below their rated values.

For reference, some major manufacturers of power transformers
follow:

Columbus Process Company Triad Transformer Corporation
Columbus, Indiana 4055 Redwood Avenue

. Venice, California
Microtran Company, Inc. Thompson-Ramo-Wooldridge, Inc.

145 East Mineola Avenue Electronic C ts Divisi
Valley Stream, New York 66e6c (l';c;r:;:ndo]r)r;:g:en tvision

Mid-West Coil and Transformer Co. Des Plaines, Illinois

1642 North Halstead Thordarson
Chicago, Illinois 7th and Belimont

Mt. Carmel, Illinois

Stancor Electronics, Inc. United Transformer Corporation
3501 West Addison Street 150 Varick Street
Chicago, Illinois New York, New York



HEAT SINKS

Temperature extremes can be damaging to a transistor. Power
transistors should usually be mounted on a heat sink or radiator, and
where the collector is above ground potential, the sink should be
insulated from the chassis. It is possible to bolt the transistor to the
chassis with insulated bolts and to use a washer between the transistor
and chassis.

Excessive heat is an enemy of power transistors. Since heat in-
creases the collector cutoff current, which reduces the power output,
further heat is then developed; it is possible that this might result in
thermal runaway. A circuit can be stabilized by using a thermistor
or temperature-sensitive resistor in the base circuit so that an increase
in temperature decreases the base-to-emitter voltage, thus stabilizing
the collector cutoff current.

Transistor heat sinks are necessary in most power-transistor ap-
plications. Fig. 1 shows the Delco 7281351 heat sink made of ex-
truded aluminum. This has a nominal weight of 8 ounces and a sur-
face area of about 100 square inches. The mounting of two different
types of transistors in this heat sink is shown in Fig. 2. The use of
these mounting kits will allow the insulated mounting of transistors
to this heat sink. The effectiveness of a particular heat sink depends

Courtesy Delco Radio Div., General Motors Corp.
Fig. 1. Delco 7281351 heat sink.



#4-40x 1/2 RH. SCREW (2}

DELCO Hi-POWER TRANSISTOR

_—MICA INSULATOR

COPPER OR ALUMINUM HEAT SINK
OR CHASSIS

INSULATING BUSHING (2)
LOCKWASHER

SOLDER LUG

#4-40 NUT (2)

1-1/8 SQ X001 TO .002 THK.

INSULATING BUSHINGS
USE ONE FOR MOUNTING ON
MATERIAL 1/8" TO 15/64" THICK.
USE TWO FOR MATERIAL OF
1/4" OR GREATER THICKNESS.
COPPER OR ALUMINUM HEAT SINK
OR CHASSIS

MICA INSULATOR
METAL WASHER
SOLDER

#10-32 HEX. NUT

Courtesy Delco Radio Div., General Motors Corp.
Fig. 2. Mounting transistors on heat sink.

on the contact interface between the transistor and the heat-sink
surface. It is necessary that the most intimate contact be made for
heat transfer, and the effectiveness of this contact depends on the
meeting of the surfaces and the pressure holding them together. The
use of a grease or oil is a beneficial technique to minimize the effect
of any surface irregularity where the two surfaces meet. A suggested
type is silicone oil type 200 (Dow Corning Corp., Midland, Michigan).

A different type of heat sink (Delco type 7281357) is shown in
Fig. 3. This type of heat sink has an insulated spacer that is used to
allow insulation of the entire heat sink from the chassis so that the
transistor can be mounted directly to the heat sink.
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INSULATING SPACER
(7269634)

Courtesy Delco Radio Div., General Motors Corp.
Fig. 3. Delco 7281357 heat sink.

SILICON RECTIFIERS

Silicon rectifiers can be considered as power diodes using semicon-
ductor materials. They have a low forward resistance and a high back
resistance; these rectifiers can be operated at temperatures up to
200°C, and with currents of 100 amperes or more at voltage levels
up to 1000 volts.

There are many sizes and shapes of silicon rectifiers, including the
smallest types usually used for power supplies (Fig. 4); these glass
diodes have pigtail leads. Plug-in types (Fig. 5) have higher ratings
than the glass diodes. The largest solid-state rectifiers are shown in
Fig. 6. For rectifier stacks, units such as those shown in Fig. 7 are
used.

Silicon rectifiers provide a high-rectification efficiency because of
their high forward-to-reverse current ratios; when they are properly
used, they are excellent rectifiers in power-supply circuits. Although
they can operate at high temperatures, silicon rectifiers are sensitive
to sudden temperature change; thus, any sudden rise in junction
temperature can cause a rectifier failure.

During reverse bias a small amount of current flows, but at a spe-
cific reverse voltage, depending on the type of diode, there is a very
sharp increase in reverse current. This voltage is known as the



avalanche, breakdown, or zener voltage. This effect is used in zener
diodes for regulation.

A silicon rectifier normally requires a forward voltage of between
0.4 and 0.7 volt, depending on the rectifier type. Since the rectifier
has a small mass, the forward voltage drop must be carefully con-
trolled to prevent exceeding the maximum value for the particular
device.

Courtesy -International Rectifier Corp.
Fig. 4. Glass-diode silicon rectifiers.
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Silicon rectifiers were originally developed for use in dc-to-dc con-
verters, battery chargers, mobile power supplies, and other applica-
tions. Because of their excellent characteristics, they are now being
used in power supplies for all types of electronic equipment.

In addition to the usual diode rectifier, the silicon controlled recti-
fier (SCR) is a powerful circuit aid where variations in power are
required. Control of the gate input makes provisions for different
firing points on the a-c cycle. SCR’s are generally used in power-
control circuits, while standard power-supply design most often uses
diodes.

Courtesy International Rectifier Corp.

Fig. 5. Plug-in silicon rectifiers.
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Courtesy International Rectifier Corp.

Fig. 6. High-ampere solid-state rectifiers.
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Courtesy International Rectifier Corp.

Fig. 7. High-power silicon-rectifier stacks.

RECTIFIER CHARACTERISTICS

In choosing a rectifier circuit the parameters under consideration
are the d-c voltage required, the current required, and the amount of
ripple in the output circuit. Ratings for silicon rectifiers are important
in considering their specific applications in a particular circuit. The
maximum peak-reverse voltage (inverse voltage) is the highest amount
of reverse voltage that can be applied to a particular rectifier before
avalanche breakdown is reached. These ratings range from about
50 volts up to as high as 1000 volts for diodes with a single junction.
It is possible, of course, to have any number of rectifiers in series
to provide the necessary overall peak-reverse voltage required by a
particular circuit.

15



Chart 1. Characteristics of
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common rectifier circuits.
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Courtesy General Electric Co.
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Current is usually specified in three different ways. The maximum
average forward current is that rectifier current which is allowed to
flow in the forward direction at a specific ambient or case tempera-
ture. Average currents are typically from 0.5 ampere to as much
as 250 amperes for special rectifier types. The maximum recurrent
forward current is the maximum repetitive instantaneous current in
a forward direction under specific conditions. The maximum surge
current is the greatest nonrepetitive peak current that can occur in a
single forward cycle. Surge currents or peak currents such as this
usually occur when the equipment is turned on or when there are
unusual transients in the line.

To prevent excessive heat rise, silicon rectifiers can be mounted on
heat sinks attached to the heat-conducting side of the rectifier. A heat
sink will allow the rectifier to dissipate a large amount of heat, thus
protecting the rectifier circuit against damage. The size of a heat
sink for a specific application depends on the maximum average
forward current and the allowable rectifier temperature.

It is possible to use silicon rectifiers in series when the expected
applied reverse voltage is greater than the maximum peak-reverse
voltage rating for a particular rectifier cell. When cells are used in
series, it is very important that the applied voltage be divided equally
across the individual rectifiers; otherwise an instantaneous voltage
greater than the rated maximum might be applied across an individual
cell. For this purpose shunt resistors and shunt capacitors are used
to equalize the voltage applied to the series resistors; both resistors
and capacitors should be used in a circuit if it is going to be carrying
both dc and ac.

Rectifiers can be used in parallel when the maximum average
forward current required for a particular application is greater than
the maximum average forward current rating for an individual rectifier
cell. A resistor or inductor should be added in series with each cell
in order to avoid differences in voltage from appearing across the
parallel rectifiers.

Characteristics of seven basic rectifier circuits are shown in Chart 1.
Assuming a zero forward-voltage drop and zero reverse current in
the rectifiers, the table compares these seven circuits for various
parameters. There is a small error in using this table, but this is
usually not significant because the voltage drop in the forward direc-
tion is assumed to be zero, as is the reverse current.

The single-phase half-wave circuit (A) delivers one current pulse
for each cycle of a-c voltage input. The single rectifier cell has the
entire current flow, and there is a great deal of output ripple. A cir-



cuit of this type is used principally in low-voltage high-current ap-
plications, as well as in low-current high-voltage applications.

The single-phase full-wave circuit (B) has a center-tapped high-
voltage winding, with a higher peak-to-average voltage ratio and less
ripple than the single-phase half-wave circuit. Large audio amplifiers
and television receivers quite commonly use this type of rectifier.

Four rectifiers are used in the single-phase full-wave bridge cir-
cuit (C) which does not require the use of a transformer center tap.
This circuit provides twice as much output voltage as the single-phase
full-wave circuit for the same transformer voltage. The single-phase
full-wave bridge applies half as much peak-reverse voltage to each
individual circuit cell, and allows only half of the total current to
flow through each cell. Circuits of this type are quite often used in
radio transmitters.

Three-phase circuits are usually found in industrial equipment and
in transmitters of high power. The three-phase wye circuit (D) uses
three rectifier cells and has considerably less ripple than any of the
single-phase circuits. This circuit also allows one-third of the total
current to flow through each individual rectifier cell; a circuit of this
type is used in alternator rectifiers in automobiles.

The three-phase wye, full-wave bridge circuit (E) uses six rectifier
cells. In this circuit two half-wave rectifiers are connected in series
across each leg of a high-voltage transformer; this circuit delivers
twice as much voltage output as the three-phase wye, half-wave cir-
cuit for the same voltage conditions. There is also an extremely low
ripple percentage and a very low ratio of peak-to-average voltage.

The six-phase star circuit (F) uses six rectifiers and allows the
least amount of total current to flow through each cell. Only one-
sixth of the total current will flow through each rectifier cell.

The three-phase double wys, an interphase-transformer circuit (G),
uses six individual half-wave rectifiers in parallel and delivers six cur-
rent pulses per cycle. This circuit will deliver twice as much output
current as the three-phase wye, half-wave circuit.

Filter circuits are used to smooth the ripple in the output of a
rectifier circuit, and a smoothing filter uses an iron-core choke to-
gether with one or more capacitors. In choosing a filter for a par-
ticular circuit, the load impedance is an integral part of the filter
design since the load affects the performance of the filter. The pur-
pose of the choke is to provide a high impedance to the ripple voltage,
while the capacitor stores energy between voltage peaks.

Charts 2, 3, and 4 are rectifier selection charts. Complete instruc-
tions on how to use these charts precede them.
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A HANDY SELECTION CHART TO SILICON AND GERMANIUM RECTIFIER COMPONENTS

@ Select applicable chart.

@ Locate average current I per rectifier cell on horizontal axis.

€ Move vertically to intersection of average current requirement with recurrent
peak reverse voltage (PRV) requirement.*

O Find the first numbered dot above and to the right of the intersection point
located in Step 3. The corresponding rectifier cell type indexed in the box

below the dot is the optimum rated cell for the application.

ADDITIONAL INFORMATION:

o
nished with own heatsink).
nished with own heatsink),

sink provided by user). Stud Temperature = 150°C.

2. Ambient = 55°C Free Convection (Rectifier cell fur-
3. Ambient = 125°C Free Convection (Rectifier cell fur-

4. Stud mounted rectifiers (cell must be attached 1o heat-

(2]
Rectifier Circuit
Single Phase Half Wave
Single Phase Centertap
Single Phase Bridge
Three Phose Halfwave
Three Phase Bridge

Average Current Per Cell
I= DC lood Current

I= % x DCload Current
I= 4 xDCload Current
I= Y% x DC load Current
I= ¥ x DCload Current

©

Rectifiar Circuit

Single phase halfwave
—resistive load

~—capacitive load

Single phase centertap

Single Phase bridge

Three phase halfwove

Three phase bridge

Recurrent Peak Reverse Voltage

PRV = 1.41 x AC supply voltage
PRV = 2.82 x AC supply voltage

PRV = 2.82 x AC secondary voltage
(line to centertap)

PRV = 1.41 x AC supply voltage

PRV = 2.45 x AC secondary voltage
(line to neutral)

PRV = 2.45 x AC supply veltage
{lin® to line)

*Additional PRV rating will be necessary if voltuge tran-
sients above the normat line voltage occur.

o

Example:

Requirements:

Solution:

S amps, 350 volis PRV per rectifier cell,
55°C free convection ambient. Cell
with heotsink required.

in Chart 2, point 3 is just above and
to the right of intersection of 5 am-
peres and 350 volts. In corresponding
box below chart, point 3 is identified
as General Electric type 4JA2011D
rectifier stack.
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Section 1

POWER SUPPLIES

UNREGULATED POWER SUPPLIES

Two different types of unregulated power supplies are shown here.
In Fig. A, a full-wave bridge rectifier is shown using four silicon
diodes, each diode having a 100-volt peak-inverse rating. There are
four different ways that the circuit in Fig. A may be connected.

Using primary terminals 1 and 3 of the transformer with the sec-
ondary terminals connected in parallel and the choke terminals con-
nected in parallel, the diode rating must be 1.5 amperes, and the
resistance value is 70 ohms. Under these conditions, the output is
13 volts at 2.5 amperes with a 17% regulation.

With primary terminals 1 and 2 being used, and the secondary
terminals of the transformer as well as the choke terminals connected
in parallel, the diodes carry 1.5 amperes, and the resistance should
now be 60 ohms. Under these conditions, the output is 16.5 volts at
2.5 ampere with a 12% regulation.

Using terminals 1 and 3 of the primary, with the secondary ter-
minals connected in series and the choke terminals connected in
series, each diode will conduct 0.75 ampere, and the resistance value
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(C) Terminal connections of choke and transformer windings.

Courtesy United Transformer Corp.

Unregulated power supplies.
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is now 300 ohms. The output is 27.5 volts at 1.25 amperes with a
13% regulation.

Using primary terminals 1 and 2, with the secondary terminals in
series and the choke terminals in series, the diodes carry 0.75 am-
pere, and the resistance value is now 250 ohms. The output is 34.5
volts at 1.25 amperes with a 12% regulation.

Fig. B shows the same transformer and diodes, but with a capaci-
tive input filter without a choke. Using primary terminals 1 and 3
with the secondary terminals connected in parallel, the diode will
carry 1.5 amperes and the output is 19.6 volts at 2 amperes with a
30% regulation.

Using primary terminals 1 and 2, with the secondary terminals
connected in parallel, the diode current is 1.5 amperes but the out-
put is 25.5 volts at 2 amperes with a 26% regulation.

Using primary terminals 1 and 3 with the secondary terminals con-
nected in series, each diode carries 0.75 ampere, and the output is
42 volts at 1 ampere with a 24% regulation.

Using primary terminals 1 and 2 with the secondary terminals
connected in series, each diode carries 0.75 ampere, and the output
voltage is 53 volts at 1 ampere with a 20% regulation.

Fig. C shows the terminal connections of the transformer windings
and the choke windings.

BASIC LOW-VOLTAGE SUPPLIES

Three basic low-voltage power supplies are shown. Fig. A shows
a half-wave supply, Fig. B shows a full-wave supply, and Fig. C
shows a voltage doubler.

Fig. A is a simple half-wave circuit. With a power transformer with
a 2-to-1 step-up operating from a 117-volt line, this circuit pro-
duces from 270 to 290 volts dc.

The full-wave circuit shown in Fig. B is essentially two of the
circuits shown in Fig. A; the circuit can deliver an output voltage of
280 to 310 volts, depending on the current drain required of the
circuit.

For both circuits the suggested rectifiers are the F-8, which has a
maximum peak-inverse voltage of 800, a maximum rms voltage of
560, and a maximum d-c current of 750 ma. The ST18 or the 80H
may also be used. All of these rectifiers have the same ratings, but
they are different physical types.

Fig. C shows a voltage doubler operating with a 1-to-1 transformer
and producing from 270 to 290 volts dc. Suggested rectifiers are the
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40H, the F-4, or the ST14. These rectifiers have a maximum peak-
inverse voltage of 400 volts, a maximum rms voltage of 280, and
a maximum d-c current of 750 ma.

REGULATED POWER SUPPLY

This circuit shows a regulated power supply, with a 115-volt
input to terminals 1 and 3 of the transformer primary. The secondary
windings are connected in parallel and feed a bridge rectifier with a
capacitive filter.

H-143%
3 q DI
2 je —ie ]-
115V 5 Jr D2 Q %
5 - [ 3000/30+ 15W

P:

e T 1000//50/3000/30
) _

Ll

150

Z1
Q2

50n '’
VA

100 3W 100n 3W
(WW) +,,  (WW) *utC

1
b+ 1000715 D

50/15 %
+1
Ql

DI (4) I.5A 100 PIV INI6I3 D2{(I1).75A 100 PIV IN44OB

Zl 56V ZENER (iINI520)
Q! DELCO 2N44I (SINK 7270725)
Q2 RCA 2N30! (HEAT SINK)

Courtesy United Transformer Corp.

Regulated power supply.
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A regulator is used to correct the line-voltage variations or load
variations. The output voltage can be varied from 11.5 to 12.5 volts
dc by means of the control in the base of transistor Q2. Qutput
current can vary from O to 2 amperes; there is 5-millivolt ripple in
the output. The regulation for a line voltage from 105 to 125 volts
is 3.5%.

REGULATED SUPPLY

This is a simple regulated power supply operating from 115 volts
ac and using a single power transistor. The rectifier diode (D) is two
500-ma selenium rectifiers in parallel, or the equivalent. This is a
series type of regulated power supply where the output voltage re-
mains constant for wide variations of the inputs. The secondary volt-
age should never exceed 25 volts rms.

As shown, a 6-volt battery is used for reference; however, the
battery may be replaced by a zener diode (National Type ASB or the
equivalent). It is also possible to obtain other values of output voltage
than 6 volts, as shown in the schematic, by using different reference
voltages or a different zener diode. The output voltage of this cir-
cuit is less than Y2 volt higher than the reference source.

As shown, the regulation is 5.2% with a 0.16% ripple, from
0 to 700 ma.

1
|
N5V a-c :
60 crs -
LOAD
% REGULATION »8.2
% RIPPLE «0.16
+1
|
|
O |
TRIAD
F47y

Courtesy CBS Electronics Div., CBS Inc.
Regulated supply.
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REGULATED POWER SUPPLY

This circuit shows a regulated power supply, with a 115-volt input
to terminals 1 and 2 of the transformer. Output is variable from 26
to 30 volts dc; for the adjustment use the control in the base of tran-
sistor Q3.

After it is filtered, the output from the bridge rectifier is fed to the
regulation circuit which compares the output voltage to a reference
voltage. The positive end of the output is grounded, and the negative
output voltage can be varied from 26 to 30 volts. The ripple in the
output is 0.12 millivolt. Regulation with a line voltage variation
from 105 to 125 volts is 0.1%.

H-143 * H-170
3 4 DI _—
La b
€ Iy L
2 10/150 I 3 2 4
6
15 v 5 y
je je
= 3
I 7 10/150 3000/50
L ry T b
z2 Q3 Ql
1500 9K < IK L,3n
W WS 2w
logos3o| zl 3w
Y ——
50/25 Q2
y
*
+l, 851 5W 20n 10n,5W _ utc
(WW) 2w (WW)

D1 (6) .75A 100 P.i.V. (IN440OB)

Z1 24V ZENER (1M247) , Z2 12V ZENER (INI513)
Q! PHILCO 2N67! (HEAT SINK)

Q2 DELCO 2N44I (SINK 7270725)

Q3 TEXAS 2NI1377

Courtesy United Transformer Corp.

Regulated power supply.
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REGULATED POWER SUPPLY

This circuit shows a regulated power supply fed from a 115-volt
line; the output is from 11 to 13 volts dc (the positive end is
grounded) with a current of O to 2 amperes.

A bridge rectifier is used with a choke and a filter capacitor. The
regulator circuit compares the output voltage with the reference
voltage and compensates for any variations of load or line. There is a
ripple of 0.35 millivolt. With a line voltage variation of 105 to 125
volts, the regulation is 0.1%. Note the special nature of the ground
on the positive side; it is 4 inches of No. 22 solid wire.

H-143 % H=170%
4 " ot
Lnd + e
2 10/50 - s 23l
6
"ns v 4 02
LT
! 7 pD2 9000/30
z2 Q3 10/50 al
1o 4K $300 3
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1000715
1 1

50/l5

* utC
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\A A4 WV VVVVY

75a 3W 200 2W 150a 3W
(Ww) (Ww)

DI (4)1.5A ,IOOPIV.- INI6I3 D2 .75A,I00PRIV.-1N4408B

Z1 12V ZENER (INISI3) Z2 3.9V ZENER(INI507)

QI PHILCO 2N671 (HEAT SINK)

Q2 DELCO 2N44I (SINK 7270725)

Q3 TEXAS 2NI1377

Courtesy United Transformer Corp.

Regulated power supply.
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REGULATED POWER SUPPLY

This circuit shows a regulated power supply with an output of
27 to 29 volts dc at up to 1 ampere. Line-voltage input is between
point 1 and point 3 of the transformer; the secondary is connected
in series. A capacitive filter is used. The regulating circuit compares
a reference voltage to the output and provides for proper compensa-
tion to keep the voltage output constant.

The ripple in the output is 1.5 millivolts; there is a 1% regula-
tion for variations in the line input from 105 to 125 volts. An adjust-
ment is provided in the base of transistor Q2 to adjust for the desired
power output.

H-143%
3 3 DI
2 e e -
6 |
{ 3 338
15v s o - 500/50+ IBW <
¢ *—1000/50 | 500/50
! 7 J i + + —e
400
ZI ‘
% Q2
50/25
+=lﬁ Nt
50n Ql
50n 3W  200a 5W
(WW) _+,, (ww)
1T * ute
3 1000730 -6

DI (5) .75A 100 PIV (IN440B)
Z| 6.8V ZENER (1,5M 6.82)

Q! DELCO 2N44I (SINK 7270725)
Q2 RCA 2N30I! (HEAT SINK)

Courtesy United Transformer Corp.

Regulated power supply.
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12-VOLT REGULATED SUPPLY

This circuit shows a 12-volt regulated power supply using transis-
tor types 2N1274 and TI3027. The 2N1274 is a germanium small-
signal transistor, while the TI3027 is a power transistor.

In this circuit the IN759 is a reference diode connected to the
base of the 2N1274. The 2N1274, connected by a Darlington connec-
tion to the TI3027, acts as a series regulator. This regulator is ex-
tremely sensitive to current changes in the reference diode.

The change in output voltage from no-load to a full 1.5-ampere
load is 0.4 volt, while the ripple at full load is 30 millivolts. The
change in the output voltage with a 10% change in the line voltage
from the normal 117 volts is very small.

El-125 - Iron
6457 Bobbin

1N2070 @

st ] se 2N1274
6357
20 ]| AL B Gy v
ust J_ Q\] TI 3027
18 -
1500 uf L= 50 k)
w2070 50 TH {

15 vT+ 12v
O +

d-c Change from .4A to 1.5A - .4 v
a-c ripple at .4A -8 mv
a—c ripple at 1.5A - 30 mv

Voltage No Load

Courtesy Texas Instruments inc.

12-volt regulated supply.

450/800-VOLT SUPPLY

This is a dual-voltage power supply that provides two voltage out-
puts; one output is 800 volts at 175 ma with a 1% ripple at a 16%
load regulation, such as is required for a final radio-frequency power
amplifier, and a second output is 450 volts at 25 ma with a 0.02%
ripple, such as is required for a preamplifier or an oscillator circuit.
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€y, C2—4 mfd, 1000 volt capacitor (Cornell-
Dubilier 10040)
Cj, C4—20 mfd, 600 voit electrolytic capac-
itor
CR;—16 G-E type IN1696 silicon rectifier
diodes connected in groups of four
CR2—G-E type 6RS20SP4B4 Thyrector diode
(optional transient voltage suppres-
sor)
F;—3 AGC fuse, 3 amps
1;—120 volt, 6 watt pilot lamp
L,—5/25 henry choke, 175 ma (UTC $-30,

or equivalent)

L2—10 henry choke, 175 ma (UTC $-29, or
equivalent)

L3;—30 henry choke, 25 ma (UTC $-25, or
equivalent)

R, —50K, 25 watt resistor

Ra—110K, 4 watt resistor (2-220K, 2 watt
resistors in parallel)

$—DPST switch

T:—200 ma transformer: primary, 120 volt
AC, 60 cps; secondary, 800 volt (Stan-
cor PC-8412, or equivalent)

Courtesy General Electric Co.

450/800-volt supply.
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There is a common ground for both outputs. To provide a variable
d-c voltage output, an adjustable line transformer can be used before
the step-up transformer.

As shown, the transformer is center-tapped, and a bridge rectifier
with four silicon diodes in each leg is used for the high-voltage
output. The same transformer is used with the rectifier diodes in the
two right-hand legs to provide a full-wave rectifier for the lower-
voltage power supply. The high-voltage power supply uses a choke-
input filter, while the low-voltage power supply uses a capacitor-input
filter. If desired, the 450-volt supply may be reduced to 375 volts by
removing capacitor C3 from the circuit.

A transient-suppressor diode (CR-2) is used to protect the silicon
rectifiers against the voltage transients; a pilot lamp is also shown,
and it is suggested as a safety precaution, since in the absence of
filaments it is not always possible to tell from inspection when the
power supply is on.

TRANSFORMERLESS D-C POWER SUPPLY

This circuit shows a transformerless d-c power supply suitable for
use in lightweight equipment; a single controlled rectifier is used with-

T 1

Parts List
R1 - 12 (1w) C1 - 1000 uf(15V)
R2 - 10 K@ C2 - 1.5uf
R3 - 5 K@ C3 - 15uf
R4 - 1KQ D1 - 1N4001
R5 - 4709 SCR - MCR1304-4

Courtesy Motorola Semiconductor Products
Transformerless d-c power supply.
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out a unijunction transistor. Alternating current from the line source
is applied to the circuit as shown. There is a phase delay because of
the two circuits, one of which is resistor R, and capacitor C,, while
the other is resistor R and capacitor C;. The rectifier diode is used
to prevent reverse current flow to the gate.

As resistor R, is varied, the voltage which is phase-shifted to the
gate of the controlled rectifier is changed; hence, the on time of the
controlled rectifier can be varied. Capacitor C, is the output filter
capacitor. At 100 ma of output current, this circuit provides 10 volts
output; at 200 ma of output current the output voltage drops to
approximately 6 volts.

REGULATED A-C POWER SUPPLY

This circuit shows a regulator for a-c power, and it performs the
same function as a constant-voltage transformer at considerably less
cost and in much less space. The line voltage is in series with the
load and the regulator, as shown. Resistor R; is used for adjustment
to allow the peak voltage point to increase when the line voltage
is increased, thereby retarding the firing angle of the controlled
rectifiers and causing a reduction in the voltage applied to the load.

Resistor R, is used to adjust the circuit for any desired output
voltage. Current output is determined by the rating of the controlled
rectifiers, and for the rectifiers shown in the circuit, the current can

ILOADI 4

SPRAGUE
Hsv 312286

C0CPS j

r “\ Pl E_‘ e T
e wisd]

Courtesy General Electric Co.

Regulated a-c power supply.
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be as much as 32 amperes. Functionally, a bridge rectifier is used
to provide d-c power for unijunction-transistor 2N1671A, whose out-
put is fed to the gate leads of the controlled rectifiers.

TRANSFORMERLESS D-C POWER SUPPLY

This circuit shows a lightweight power supply designed to pro-
duce a 10-volt output at 100 ma from a standard line voltage source.
A controlled rectifier and unijunction transistor are used. As shown
in the circuit, resistors R, and R;, as well as capacitor C;, are used
to make up the time delay, which is a part of the unijunction tran-
sistor circuit; this time delay determines the unijunction switching.
If the value of resistor R; is increased, the output voltage of the
circuit decreases. The trigger pulses from the unijunction transistor
are applied to the gate of the controlled rectifier. The rectifier is then
turned off and on by the unijunction transistor, and the chopped ac
is filtered by means of capacitor C;. When this capacitor is 1000
microfarads, as shown in the circuit, a 2.5% ripple voltage will ap-
pear across the load resistance at the designed center value of 10
volts and 100 milliamperes. Total power-supply efficiency is about
77%.

+

)
+
D.C. VOLTS

Cll OUTPUT
-O

R1 - 121w C1 - 1000 u£(15V)
Rz- 39 KQ C2 - 0.5 uf

R3 - 100 K&Q D1 - 1N4003

R4 - 39092 UJT - MU970

R5 - 10 KQ SCR - MCR1304-4
RB - 1002

Courtesy Motorola Semiconductor Products

Transformerless d-c power supply.
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REGULATED POWER SUPPLY

This circuit shows a regulated power supply using rectifier types
IN1344, IN1614, or 1N2493.

A-c input to the bridge rectifier is 105 volts maximum and 68 volts
minimum; both of these voltages are rms values. Output is 90 volts
at a current of up to 700 milliamperes. A transistor regulator follows
the bridge rectifier. This is a conventional rectifier where the 2N1041
compares a portion of the output voltage to the voltage developed
across the IN1609 zener diode; this voltage, by means of the
2N1138B transistor, is used to control the series resistance of the
transistors through which the output current flows.

BASIC HIGH-VOLTAGE POWER SUPPLIES

Three basic high-voltage power supplies are shown. Fig. A shows
a half-wave 1000-volt supply using the S5521 rectifier whose peak-
inverse voltage is 3000 volts, maximum rms voltage is 2100, and
maximum d-c current is 150 ma.

A full-wave 5000-volt supply using a bridge rectifier is shown in
Fig. B. The suggested silicon diode is the S-5531 which has a maxi-
mum peak-inverse voltage of 10,000 volts, a maximum rms value of
7000 volts, and a maximum d-c current of 25 ma.

Fig. C shows a three-phase 7500-volt supply with a full-wave
rectifier in each leg. The suggested rectifier is the same as the one
used in the circuit in Fig. B.

M
1 3 MFD
Q-

RS=Sarkes Tarzian S-5521

Output:
Volts
oC MA

1,000 120 ma @ 25 degrees C
1,000 60 ma @ 100 degrees C

(A) Half-wave power supply.
Basic high-voltage
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RS

Each RS=Sarkes Tarzian S-5531

Output:
5000 VDC @ 150 ma
@ 25 degrees C

5000 VDC @ 50 Ma
@ 100 degrees C

(B) Full-wave power supply.

RS

Input:
5700 Voits AC per
phase

Output:

7500 VDC @ 200 ma
@ 25 degrees C
7500 VDC @ 65 ma
@ 100 degrees C

(C) 3-phase power supply.

Each RS =Sarkes
-0 Tarzian $-5531

Courtesy Sarkes Tarzian Inc.
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Section 2

VOLTAGE REGULATORS

VOLTAGE REGULATOR WITH OVERLOAD PROTECTION

This circuit shows a voltage regulator with overload protection for
the series transistor. A short circuit in the load will cause the series
transistor to act as the load in most voltage-regulator circuits, and
this can damage the transistor under these conditions. Because the
series transistor is directly in the current path of the load, protec-
tion is required in a very short time. Three methods of protection
are: (1) protection by load switching, (2) protection by current
interruption, and (3) protection by current limiting.

This circuit shows current interruption, which is a dependable
method of protection where the overload can be detected and in-
terruption of the load circuit can be obtained before there is damage
to the transistors acting as regulators. The circuit shows a complete
regulator with a 115-volt input to a 2-to-1 stepdown power trans-
former; output of this regulator is 60 volts.

In this circuit the 2N1601 controlled rectifier will conduct within
one microsecond after a short circuit is placed across the regulator
load. The 1-ampere fuse will open within three to four milliseconds.
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In the same type of circuit without the controlled-rectifier protection,
the same 1-ampere fuse would need about 400 milliseconds in order
to open, and by this time the transistor would probably be damaged.
Thus, this circuit provides regulation with protection for the series
transistor, which is the 2N389. The series resistance that this transis-
tor presents to the circuit depends on the 2N656 which amplifies the
error voltage obtained from the 2N343B. The 2N343B compares a
portion of the output voltage with the voltage developed across the
IN754 zener diode.

2K 1N752

20 INV24(4) —AAA la
1/
2N389)
BUS AGCT
nsy -0 +
60 cps 4
> >
2 56K 2 4K
120 uf ZR < <
0.02 uf
l( 100 uf =3~
2N3438 v
>
200 0
‘3 620 @
INTa7 IN754 1
_ _ -0 -

Courtesy Texas Instruments Inc.

Voltage regulator with overload protection.

SWITCHING VOLTAGE REGULATOR

A proportional voltage regulator is shown in Fig. A. In this cir-
cuit a voltage proportional to the output is compared to a voltage of
the reference diode (CR,) in the emitter circuit of transistor Q..
A voltage proportional to the output voltage is obtained across the
tap on resistor R;. A differential signal is amplified by transistor Qs,
and the output signal of this differential amplifier is used to control
the current in series transistor Q;. Q, is effectively a variable series
resistance. Thus, for this circuit a 17-volt input will provide a regu-
lated output of 12 volts at 2 amperes.
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Fig. B effectively shows the same circuit except that an inductance
(L,), a capacitance (C;), and a diode (CR:) are added to the cir-
cuit; these additions change the circuit into a switching type of regu-
lator. If in Fig. B capacitor C, is disconnected, there is no feedback,
and the remaining circuit will be a proportional voltage regulator.
When, however, this capacitor is connected in the circuit, the opera-
tion is in the switching mode since there is a positive feedback loop
and oscillations will start. The base current of transistor Q, has two
individual components—one is the charge and discharge of capacitor
C,, while the second component is proportional to the difference
between voltages V, and V. Transistors Q. and Q,, together with
capacitor C,, form a free-running multivibrator. This multivibrator,
in effect, turns on and off transistor Q,, which is the series transistor;
in effect, this is the switching mode of operation for this regulator.

Filter reactance L, is used to isolate transistor Q, from filter capaci-
tor C; so that voltage-saturated operation is possible.

Resistor R; determines the base current of transistor Q,, and the
value for this resistor is determined by dividing the input voltage by
the base current for maximum load. Resistor R is part of the time-
constant network that controls the frequency of oscillation, while re-
sistor R; is used for adjustment of the output voltage. Resistor R,
provides a bias current to the voltage-reference diode CR,, while re-
sistor Ry limits the current through transistor Q. if there is a short
in transistor Q.

Capacitor C, is a filter capacitor, capacitor C, is a feedback capaci-
tor which determines the frequency of oscillation, while capacitor
C; controls the frequency of oscillation as well as having the func-
tion of suppressing any parasitic oscillations.

There are four diodes in this circuit; CR, provides bias for tran-
sistor Q; and allows Q3 to apply reverse bias to Q;; CR; is a clamping
diode while CR; reduces the leakage in tramsistor Q;. CR, is the
voltage-reference diode and this diode has a positive temperature
coefficient.

The regulation characteristics for this circuit are shown in Fig. C.

SERIES VOLTAGE REGULATOR

This circuit shows three transistors in a series voltage-regulator
circuit; two of these transistors are type 2N1481, while one is a type
2N1489. In series voltage regulators of this type, a cascade d-c am-
plifier is used to amplify a difference signal, or an error, which is
obtained by means of a comparison between part of the output volt-
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w
12.00 5 0.5 10 15 2.0
1 OUT (AMPERES)
Ti°C
13.00
i 12.75 I8V INPUT
S 12.50 Y
[
3 12.25
“ 12.00
12.007 0.5 1.0 1.5 20
1 OUT (AMPERES)
25°C
__ 1300
o
3 1275
2
12.50
5 I8V INPUT
(o]
w 1225 15V
12.005 0.5 15 20

1.0
I0UT (AMPERES)
-40°C

(C) Regulation characteristics.
Courtesy Delco Radio Div., General Motors Corp.
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age and a reference voltage. The amplified error signal is used as
the input to the regulating element, which is in series with the load.
In this circuit a portion of the output voltage is applied to the base
of transistor Q1, while the zener 12-volt diode is tied to the emitter
of the same transistor.

Transistor Q2, then, acts as a differential, or error, amplifier whose
input signal is the difference between the reference voltage and the
voltage which is proportional to the output. Transistor Q2, in effect,
controls series transistor Q3, which provides the necessary regulation.

This circuit, as shown, accepts a voltage input of 45 volts, =5
volts, and produces a regulated 28-volt output.

o— : C O 3 +28V.
A Q3 )
2N1489
1000 %
OHMS ¢ Q2 % 1500
2N1481 S OHMS
Vin
45 +5V. v Vo
Ql
2N148I b
+ ® 12,000
12V. OHMS
¥ .

Courtesy Radio Corporation of America

Series voltage regulator.

SERIES VOLTAGE REGULATOR

This circuit shows a series type of voltage regulator with an adjust-
able output. Input to this circuit is 40 to 50 volts dc, while the output
can be adjusted from 22 to 30 volts dc for a current from 0 to 10
amperes. Line regulation is within 1%, and load regulation is within
0.5%. A 12-volt reference diode is used to provide a voltage which
is compared to a portion of the output voltage; this difference, or
error, voltage is amplified and used to control the three series tran-
sistors type 2N2016.
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TYPE TYPE TYPE
2N20I6 2N2016 2N2016
Re
R2 Rg

TYPE
2N1479

+5 s
Pyt L T2
- QUTPUT
DC Rg 22-30V
0 0-10A
[/
~ Rio
X ‘ °
-
Ci1—1 mfd, 25V, paper Ry—2K, V2 watt
C2—100 mfd, 50 V electrolytic Rs—570 ohms, V2 watt
CR—Reference diode, 12 V Ry—270 ohms, V2 watt
R;—1200 ohms, 2 watt Rs, Rio—1K, V2 watt
Rz, Ry, R¢—0.1 ohm, V2 watt Ro—1K, /2 watt potentiometer

Courtesy Radio Corporation of America

Series voltage regulator.

SHUNT VOLTAGE REGULATOR

This circuit shows a two-transistor shunt voltage regulator using
one transistor, type 2N1485, and one type 2N1481. Shunt regulators
of this type are less complex than series regulators, although they
are not quite as efficient. A shunt regulator uses a voltage-reference
element and a shunt element. In this circuit the output voltage re-
mains constant because the shunt-element current changes when
either the input voltage or the load current changes. The change in
the shunt current appears as a change in voltage across the resistor
that is in series with the load.

This circuit has an input of 49 volts =7 volts, and an output of
28 volts as shown. The series resistance required in this case is 18
ohms.
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R} +28V.

_____ y i . LA
I8 OHMS ;
2N148l INI78I ;
|
|
}
Vst AVs 2N1485 Vo RL
49+ 7V. R2
1000 !
OHMS ;
|
|
:
S G - 4J

R| =28n,I0W (INCLUDING ALL
SOURCE RESISTANCE).
R2= 10000, 0.5W

Courtesy Radio Corporation of America

Shunt voltage regulator.

SERIES VOLTAGE REGULATOR

This circuit shows a simple three-transistor series voltage regulator
with a voltage regulation of 3.5%. The input to this circuit is from
40 to 50 volts dc, while the output is 28 volts dc, with a current up
to 1 ampere. A 12-volt reference diode is used to provide a voltage
which is compared to a portion of the output voltage. The difference
voltage is then amplified by the 2N1481 and applied to the base of
the series transistor 2N1489.

TYPE |

R 2NI489
TYPE

2Ni48! Rz

CR = reference diode, 12 v, INPUT OUTPUT
Ri1 = 1000 ohms, 1 watt 40 TO 50V
R: = 15000 ohms, 0.5 watt Dc TYPE 28v, 0TO 1A
Ris = 12000 ohms, 0.5 watt 2NI48I Dc

R

I

Courtesy Radio Corporation of America

Series voltage regulator.
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SERIES VOLTAGE REGULATOR

This circuit shows six transistors used in a series type of voltage
regulator to produce regulation within 2.5%.

The input is from 75 to 160 volts dc, and the output is 70 volts for
a current from O to 4 amperes. A 33-volt reference diode is used
to provide a comparison to produce the difference voltage; this voltage
is amplified and used to control the three transistors type 2N1489
through which the load current is drawn.

TYPE
Ré 2N1489
é) O
Ry Rg
INPUT
TY TYPE
75 T0 60V 2N1482 2N1482
? Rio ::ng
OUTPUT
70V,0TO 4A
oc
Rp R3 Rs Rit
—0
€1—0.5 mfd, 50 V, paper Rs—4K, V2 watt
C2—25 mfd, 100 V, electrolytic Ry—750 ohms, V2 watt
CR—Reference diode, 33V Rs—100 ohms, V2 watt
Ry —620 ohms, 1 watt R9y—2500 ohms, V2 watt
R2—20K, V2 watt Ryo—1K, V2 watt potentiometer
R3—1K, 1 watt R;1—3500 ohms, V2 watt

Ra: Re—0.5 ohm, 10 watts
Courtesy Radio Corporation of America

Series voltage regulator.



Section 3

CONVERTERS

SERIES-CONNECTED DC-TO-DC CONVERTER

This circuit shows a series connected dc-to-dc converter using four
power transistors type 2N1100. In addition to the schematic diagram,
there are three curves showing how voltage, frequency, and efficiency
vary for three different ambient temperatures.

A series connection of transistors allows the operation of converter
circuits such as this at higher supply voltages than would ordinarily
be possible. All of the transformer windings must be on the same
core in order to provide for proper phasing and equal power distribu-
tion so that the voltages applied to each transistor will be equal.
These transistors act as switches controlled by bias voltages; the bias
voltage for each transistor is obtained from the feedback winding.
With no voltage induced in the feedback winding, resistors R,, Ry,
R3, and R, (as shown in the circuit) act as voltage dividers to pro-
vide enough forward bias to allow the beginning of conduction and
oscillation. For explanation, assume that transistors Q; and Qj are
conducting, while transistors Q. and Q, are not conducting; the sup-
ply voltage is thus divided to the left-hand half of each of the primary
windings as shown. When transistors Q;, and Q; begin to conduct,
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+ Luv. Q9 R :& Q2 Qo3 2n Qs

R3 S20w
C |2suf
+ |sov c: ¥
= n
A2 "%Zgw.
<
e
5T st -
14 40 TCT 40T CT As .27
800

fal %

R.,, R, — 29, 20W, wire wound resistor

R., R, — 758, 20W, wire wound resistor

C, C,, C,, C, — 25 mfd, 50V electrolytic capacitor

C, — 20 mfd, 350V electrolytic capacitor

D,, D,, D,, D,, D,, D,, D,, D, — Silicon diode
(Sarkes Tarzian M500 or equivalent)

Q. Q., Q,, Q, — 2N1100 Delco Hi-Power
Transistor

T, — Transformer, core is Westinghouse RH-79
Toroid (or equivalent), primary and feed-
back windings are bifilar.

(A) Converter circuit.
Series-connected
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(B) Voltage, frequency, and efficiency vs ambient temperature.

deto-de converter.

+70°C Amb.

— VOLTAGE
00 675
o — [——
g & mcv\‘\ T
é . ~ ]
AP N L
of g g
&
F]
0 100 50 200 250
OUTPUT POWER WATTS
+23° Amb.
350
\’\N%
§ k| e ~
3 s 0 s O '
b T ;
3
% 0 50 zooJ =0
OUTPUT POWER WATTS
—55°C Amb.
— VOLTAGE
o A L]
§ >" T —— FREQUENCY|
2
g ",
AT
20 ezt o
-
&
50 200 20

100 50
OUTPUT POWER WATTS

Courtesy Delco Radio Div., General Motors Corp.
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the current through these halves of the primary windings increases,
and voltage is induced in all windings of the transformer; when
saturation is reached, the induced voltage is decreased to zero. When
the voltage induced in the feedback windings decreases and these
two transistors are not saturated, the collector current decreases,
causing the core flux to decrease. This decrease induces a voltage in
the transformer windings of a polarity which is opposite to the orig-
inal induced voltage. The voltage thus induced biases Q, and Q; to
cutoff, while Q, and Q, are driven to saturation. Output voltage from
the circuit is a square wave where the frequency and amplitude de-
pend on the number of turns in the transformer, the supply voltage,
and the flux density of the core material.

Resistors R; through R, help to start oscillation, capacitors C;
through C, are used to protect the transistors, while all of the diodes
used in the circuit are connected in a bridge, with two diodes in
each bridge leg to provide full-wave rectification. With an output
power of 175 watts, there is an output voltage of 300 volts at a 23°C
ambient temperature.

HIGH-VOLTAGE CONVERTER

This circuit shows a two-transistor converter that will change a
3-volt d-c input to a high-voltage a-c output. An output of up to
2100 volts ac can be obtained from this converter with this input
voltage.

When switch SW1 is closed, the battery voltage appears across the
primary of the transformer T1. The closed-loop path is completed by
the leakage current to transistor Q2, and this voltage is then enough
to drive transistor Q1 to the on condition, causing it to begin
conduction.

When Q1 is turned on, it provides sufficient drive to turn on tran-
sistor Q2, and the primary voltage of transformer T1 will decrease
in an exponential fashion. When the primary voltage drops below
the required voltage to keep transistor Q1 on, this transistor turns
off, the magnetic field of the transformer collapses, and this action in-
duces a 60-volt field in the primary of T1. At the same time, this
produces the necessary high voltage, which is about 2000 volts, in
the secondary. At this time Q1 turns on again so that the cycle is
repeated. Diode D1 is a protective diode; it is in the circuit so that
the voltage of the primary is not impressed across the base-to-emitter
junction of transistor Q1.
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fo
1K

1 WATT

T1
p———2
Q2
=

NOTES:
D1: GD-426
QL GT-2904
Q2 GT-2903

ALL RES1STORS ARE X 10% 1/2 WATT

T1: 50:1 TURNS RATIO
DC RESISTANCE:PRi=3Q SEC.=3000Q
MICROTRAN TYPE M8050

Courtesy General Instrument Corp.

High-voltage converter.
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225-WATT 10-KC CONVERTER

This circuit shows two type 2N1936 transistors used in a dc-to-dc
converter operating at 10 kc. This circuit operates with an efficiency
of 80% and an output ripple of less than 1 volt; it provides a 150-
volt output from a 28-volt input source. This is a switching type of
dc-to-dc converter. The power transistors and the diodes must have
adequate heat sinks for proper operation.

1N1124
il
y
100 T TIX 42 o sov
3w10% e Pt —9
A JE  \1ix 42 !
=<l ]
il 1
& INi24 3l
3||& +Sp
31N 50u6@2%0v == Sk
- o - )
w20 19 !L INH24 QE |
’ J utd <= |
10w @ 109 : : 1
10% | 25v] 3w 0% <}l= 1
- —
p—-=
2N1936 TiX 442
1K1124
L
Lal
[ 2=
Ng -
e
NOTE: Minimun usable hgg =10 at 10 amps, Transformer data :
VCe " ?v. Both transistors use Core = Arnold 2T-6847 - S1 or equivalent
heat sinks, 8cys + BHs-A < Np = 15 turns #13 heavy Formvar
2 C/w each. All diodes must have Ng = 6 turns, tapped at 3 turns #18
adequate heat sinks. Ng = 87 turns #18

Courtesy Texas Instruments, Inc.
225-watt 10-kc converter.

DC-TO-DC CONVERTER

This is a 120-watt dc-to-dc converter using two type 2N1722 tran-
sistors in the switching circuit. Four 1N1096 silicon-rectifier diodes
are used in the bridge-circuit output to provide 400 volts at 120
watts. This converter circuit has an input current of 5 amperes and

an output ripple of 0.6 volt maximum. The overall circuit efficiency
is 85%.



This is a self-starting switching circuit where the conducting tran-
sistor builds up a magnetic field until saturation is reached, and the
collapsing magnetic field turns the other transistor on. Both transistors
are mounted on a dual-transistor heat sink.

T1 IN645
2740, 2w )
{ lf
2uf, 15v Ne3 T, Np=18 T 16 AWG
b3t N T
Tl 2N1722 . Ng=200 T 225 AWG
100 uf, 35v N3 Ne=3T 222 AWG
511Q,2w P Core: Toroid, Magnetics,
28 vo 4 Ns Inc. 51026-10
22 ut, 15 TI 2N1722 Ne o equnelent
_ll“.‘ v . <
1320, 2w Ne 3
A Jy 0.01 pf,
TI INB4S 500 v
Pt '1

I TI IN1096 TI IN1096
510 pf, 500 v .
[ P
4
T TI IN1096 | 10 120w
' Trut s00v T3t 500v

NOTES: 1. All Resistance Values in ohms, 5% Tolerance.
2. Al Resistor Wattage Ratings at 125°C Ambient.
3. Capacitor Voltage Ratings at 125°C Ambient.
4. Both Transistors on Same Heat Sink, O._, +Oyus.a 4 C°/w each,
Courtesy Texas Instruments, Inc.

Dc-to-dc converter.

145/225-WATT CONVERTER

This circuit shows a two-transistor power converter with an output
of 145 watts with an input of 14 volts, and a power output of 225
watts with an input of 28 volts. Information on both of these appli-
cations is shown in the parts list.
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This circuit, like many other converters, is essentially a power
flip-flop where one transistor is conducting while the other is cut off.
The result is a square-wave output, and as shown in the circuit, opera-
tion is at about 800 cycles. Resistors R1 and R2 are used to start
oscillation by biasing the transistors, while the four diodes form a
bridge rectifier to produce the d-c output. Capacitive filtering is used
to provide both a 150-volt and a 300-volt d-c output. It is necessary
in this application that the transistors be mounted on heat sinks; a
recommended heat sink is the Delco type 7276040.

The total output current cannot exceed 750 milliamperes because
of the rectifier diodes. The primary wire size can be changed to No.
13 for the 14-volt connector and to No. 15 on the 28-volt connector;
this will result in a slight loss in efficiency.

FEEDBACK
SECONDARY

a GRy Sv - 300vc

p——O+
# Ri Rz CR3 CRe ouTPUT

+ 00—\ _o— —/\/\/

Q2 Ot

l+ J. 150VDC

+
INPUT PRIMARY icl Ic .
-0 L COM.

Toroid Core

Transformer Winding
Primary*
Feedback*
Secondary

* Bifilar wound

14V Converter
Delco 2N174
1.5 ohm 10W wirewound

40 ohm 10W wirewound
RCA 1N3195
10 uf 200Vdc

30 uf 350Vdc

20 amp fuse
Magnetics Inc.  50001-2A
Butler. Pa. or
51001-2A
14V

40t Tap at 20t No. 10 A.W.G.
12t Tap at 6t No. 18 A.W.G.
448t Tap at 224 No. 23 A.W.G.

28V Converter
Delco 2N1412
3 ohm 5W wirewound

150 ohm 10W
RCA 1N3195
10 uf 200Vdc

30 uf 350Vdc
15 amp fuse

Magnetics Inc. 50001-2A
Butler. Pa. or
51001-2A
28V

80t Tap at 40t No. 12 A W.G.
12t Tap at 6t No. 18 AW.G.

440t Tap at 220t No. 23 A W.G.

Courtesy Delco Radio Div., General Motors Corp.

145/225-watt converter.



DC-TO-DC CONVERTER

This is a common-collector circuit operating as a dc-to-dc con-
verter to produce 100 watts at 400 cycles into the rectifier. Transistors
type 2N443 are used with a 12-volt source, producing 500 volts
of output to the load. Type SKM500 diodes are used as the rectifiers.

2N44
233 500 V.
50N 4W
AN =
1N RL
o Sow
i}
|
12V
_/ D +_20ut
2Na43 E
== TRANSFORMER DATA: = = =

CORE 2, H-42 "C"CORES
FEEDBACK NEXT TO CORE
FEEDBACK:45T CT¥26
SECONDARY . 786 T#27
PRIMARY: 36T CT#I5

Courtesy Delco Radio Div., General Motors Corp.
Dec-to-dc converter.

6-TO-12 VOLT DC-TO-DC CONVERTER WITHOUT RECTIFIERS

This circuit is a dc-to-dc converter that provides a 12-volt d-c out-
put using a 6-volt d-c source; the frequency of operation is 300 cycles.

A pair of 2N443 transistors is used as shown. The necessary volt-
age amplification or multiplication is obtained by means of adding
the supply voltage to the feedback voltage. In operation, assume that
transistor Q, is turning on. Voltages will be generated with the polar-
ities as shown in the schematic; thus a negative voltage is applied to
the base of transistor Q,. Because of these polarities, there is a positive
feedback, and transistor Q; will conduct until the transformer is
saturated. At this point there is about 6.8 volts across the upper half
of the primary winding, which develops 8 volts in each half of the
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feedback winding. Voltage in the lower half of the feedback winding
adds to the supply voltage to provide approximately 14 volts across
the load.

Current path, as shown, is from the lower end of the feedback
winding, through the emitter-to-base diode, to the positive end of
the input voltage. Voltage in the feedback winding is thus added to
the 6-volt source, and there is about 0.6- to 1-volt drop across this
diode.

While Q, is conducting, Q. operates in this fashion; about 16 volts
is available across the entire feedback winding and about 15 volts
of this will appear as reverse bias for Q.. The reverse bias on Q; is due

== 6.8V,
© 7.1V. NPUT

== 8.0V.
@ 7.1 V.INPUT
®

é Eu\mc
R 52 savmaax SLOAD

Q;, Q;—Delco 2N443 Fuse—10 amp. Slo-Blo

Cy, C2—.5 mfd, 100V paper T:—L, (Primary) 48 Turns 17, tap @ 24 ¢
C3—1500 mfd, 15V L, (Feedback) 56 Turns #17, tap @ 28 t
R;—470 ohm, 1 watt Core: H-3 Hypersil Type “C"” Core

Courtesy Delco Radio Div., General Motors Corp.
6-10-12 volt dc-to-dc converter.
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to the forward conducting voltage of the emitter-to-base diode of
Q;. When the transformer saturates, the magnetic field collapses
and voltages of a polarity opposite to those shown are generated;
Q; is now cut off, and Q; begins to conduct.

In this circuit the emitter-to-base diodes can be considered as
rectifying diodes in a full-wave circuit, so the d-c output is taken from
the center tap of the feedback winding. R; is used to assist in the start-
ing of oscillations, C, and C, are used for suppression of the spikes,
and C; is the filter capacitor.

Both transistors should be mounted on one Delco 7281352 heat
sink.

DC-TO-DC CONVERTER

This circuit uses type 2N442 transistors and type SKMS500 diodes.
This common-base circuit produces 100 watts of output power at
800 cycles into the rectifier. The original battery source is 12 volts,
and the output is either 250 volts or 500 volts, as shown.

2N442

f\
50 N

ANMN—

25uf 12V

+ ",i .||}__‘ +500V
i} '

(P28

Q
!

2N442

TRANSFORMER DATA:
CORE . H42 "C" CORE
PRIMARY: 36T CT*I5
FEEDBACK. IO T CT#15
SECONDARY: 786 T #27

Courtesy Delco Radio Div., General Motors Corp.
De-to-dec converter,
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DC-TO-DC CONVERTER (30-VOLT TO 480-VOLT)

This is a power converter for changing a low d-c voltage to a high
d-c voltage; the input is 30 volts, and the output is 480 volts at
250 ma.

Four power transistors are used. Each transistor has a feedback
winding, with a 2-ohm resistor in series, from its emitter to base.
One transformer with four feedback windings is used, one winding
for each power transistor. The primary winding has 200 turns and
the output winding has 3470 turns. A bridge rectifier, with two
diodes in series for each leg, is used to rectify the ac across the out-
put winding to produce the high d-c voltage.

2.0 2-30vde
Tl
N2 2.0 3
( s
2N10738 Ne

RECTIFIERS- TWO INS40
T, TRANSFORMER DESIGN: IN SERIES IN EACH LEG
CORETS50031; ORTHONAL MAGNETICS ,INC.
PRIMARY 200 TURNS ™16E N2
FEEDBACK 8 TURNS %30E
Ny, Ng Ng,N [}]4
3:74:°8'76 ouTPUT
OUTPUT 3470 TURNS *2SE N,

480vdc
(480V AT 0.254) 250mAde

Courtesy CBS Electronics Div., CBS inc.
De-to-dc converter.

DC-TO-DC CONVERTERS

Two different dc-to-dc converters are shown using 2N256 tran-
sistors. The maximum switching ratings for these transistors are
2 amperes for each collector and 100 ma for each base. Meters are
shown so that these readings can be monitored, since various input
voltages can be used. The output voltages obtained with these two
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IND6

(SEE TEXT)

(A) Resistor used for regulation.

1]
1

b1 Dl

Dl D1

(B) Transistor provides self-regulation.

Bl B
SEC
&) er
” ) g
1
SaT 2
oy
1007 .
7]
507
o’ SEC
6

% NORRIS THERMADORE CORP.,
5217 BOYLE STREET , LOS ANGELES, CALIFORNIA
(6L2412 REWOUND)

(C) Transformer details.

6-VOLT BATTERY
1AND 4 TO COLLECTOR #1
2 AND 5 TO NEG. BATTERY
6 AND 3 TO COLLECTOR #2
B1TO BASE #1
B2 TO BASE #2
CT TO NEG BATTERY
12-VOLT BATTERY
170 COLLECTOR #1
270 OPEN
3 AND 4 TO NEG BATTERY
570 OPEN
670 COLLECTOR #2
BITOBASE#
B2 TO BASE #2
CT TO NEG BATTERY

Courtesy CBS Electronics Div., CBS Inc.

Dc-to-dc converters.
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circuits depend on the input voltage used; a range of 2- to 350-volts
d-c output can be obtained for input voltages of 6 to 12 volts.

In the circuit shown in Fig. A, forward bias is used to make sure
that the circuit begins to oscillate. Resistor R2 is used for regulation.
The value of this resistor should be about ten times the resistance
of R1, and the value of R1 depends on the applied d-c input voltage.

In Fig. B a 2N255 transistor is used in place of R2 to provide
for self-regulation. In this circuit, resistor R3 should be about 5%
of the load resistance, and the value of R4 is chosen to provide for
the required output voltage for the particular application. The rectifier
diodes that are used in either circuit depend on the voltage available
across the secondary, which in turn depends on the input voltage.
Typical rectifiers are the IN1764 which has a voltage rating of 500
volts at an average forward current of 0.5 ampere, and the 1N3256
which has a maximum voltage of 800 volts and has the same current
rating as the IN1764. Other suggested rectifiers with a forward cur-
rent rating of 0.75 ampere are the 1N3253 for 200 volts, the 1N3254
for 400 volts, or the 1N3255 for 600 volts.

Fig. C shows the suggested transformer as used in these two con-
verters. Details of the transformer used and the model number are
shown.

DC-TO-DC CONVERTER

This circuit shows a dc-to-dc converter with suggested transistor
types 2N1358, 2N1100, 2N443, and 2N174. The suggested rectifiers
are types 1N1763, 1IN1764, 1N3196, and 1N3256.

Various types of transformers can provide different types of voltage
output. For Triad transformers TY78 through TY84 the input is
12.6 volts d-c. Two voltage outputs can be obtained, depending upon
whether the circuit is connected as a full-wave bridge as shown, in
which case the higher output voltage is produced, or whether the
circuit is connected as a full-wave center tap, in which case the lower
output voltage is available. For the TY78 transformer the output
voltage is 250 volts or 125 volts, at 100 ma. For the TY79 trans-
former the output is 300 or 150 volts, at 200 ma. For the TY80
transformer the output is 325 or 162.5 volts, at 150 ma. For the
TYS81 transformer the output is 375 or 187.5 volts, at 200 ma. For
the TY82 transformer the output is 450 or 225 volts, at 150 ma.
For the TY83 transformer the output is 500 volts or 250 volts, at
250 ma. For the TY 84 transformer the output is 600 or 300 volts, at
200 ma.
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Parts List

R, =R, Ry =R, < <, i) LA Cs
TY.78 500 ohm, 1 watt 16 ohm, V2 watt 250 mfd, 25V 1-4 mfd, 450V 001 mfd, 1000V 2 mfd, 25V 2 mfd, 25V
TY-79 250 ohm, 2 watt 7 ohm, 1 watt 250 mfd, 25V* 1-4 mfd, 450V .001 mfd, 1000V 5 mfd, 25V 5 mfd, 25V
TY-80 300 ohm, 2 watt 8 ohm, V2 watt 250 mfd, 25V 1-4 mfd, 450V 001 mfd, 1000V 5 mfd, 25V 5 mfd, 25V
TY-81 300 ohm, 2 watt 10 ohm, 1 watt 250 mfd, 25V 1-4 mfd, 500V .005 mfd, 1600V 2 mfd, 25V 2 mfd, 25V
TY-82 300 ohm, 5 watt 7 ohm, 1 watt 250 mfd, 25V 1 mfd, 1000V .005 mfd, 1600V 2 mfd, 25V 2 mfd, 25V
TY-83 100 ohm, 5 watt 2 ohm, 2 watt 250 mfd, 25V 1 mfd, 1000V .001 mfd, 1600V 2 mfd, 25V 2 mfd, 25V
TY.84 150 ohm, 5 watt 2.5 ohm, 2 wats 250 mfd, 25V 1 mfd, 1000V .001 mfd, 1600V 2 mfd, 25V 2 mfd, 25V
TY-89 5K, 2 watt 50 ohm, 1 watt 250 mfd, 50V 1-4 mfd, 450V .005 mfd, 1000V 2 mfd, 50V 2 mfd, 50V
TY-90 2,5K, 5 watt 25 ohm, 2 watt 250 mfd, 50V 1-4 mfd, 450V .005 mfd, 1000V 2 mfd, 50V 2 mfd, 50V
Y9 2.5K, 1 watt 34 ohm, 2 watt 250 mfd, 50V 1-4 mfd, 500V .005 mfd, 1600V 2 mfd, 50V 2 mfd, 50V
TY.92 3K, 5 watt 30 ohm, 1 watt 250 mfd, 50V 1-4 mfd, 1000V .005 mfd, 1600V 2 mfd, 50V 2 mfd, 50V
TY-93 1250 ohm, 5 watt 30 ohm, 1 watt 250 mfd, 50V 1-4 mfd, 1000V 001 mfd, 1600V 2 mfd, 50V 2 mfd, S0V
TY-94 2.5K, 5 watt 20 ohm, 1 watt 250 mfd, 50V 1-4 mfd, 1000V 004 mfd, 1600V 2 mfd, 50V 2 mfd, 50V




For a 28-volt d-c input other transformer types are available as
shown. These are Triad types TY89 through TY94. For transformer
type TY89 the output is 300 or 150 volts, at 100 ma. For type TY90
the output is 325 or 162.5 volts, at 200 ma. For type TY91 the out-
put is 375 or 187.5 volts dc, at 200 ma. For type TY92 the output is
450 or 225 volts, at 200 ma. For type TY93 the output is 500 or 250
volts, at 250 ma. For type TY94 the output is 600 or 300 volts dc, at
200 ma.

v‘v v 9
L.| '_I COMMON COLLECTOR

Courtesy Triad Transformer Corp.
Dcto-dc converter.

DC-TO-DC CONVERTER

This circuit shows a common-emitter dc-to-dc converter with sug-
gested transistor types 2N173, 2N174, 2N443, 2N1100, or 2N1358.
Rectifier types that are suggested are 1IN1764 and 1N3196.

Two different voltage outputs are available, depending on whether
the circuit is connected in a full-wave bridge configuration where the
higher output is available, or connected as a full-wave center tap
where the lower voltage output is obtained.

Triad transformers type TY78 through TY86 are available for use
with a 12.6-volt dc input. Various voltage outputs are available with
the different transformers. For transformer TY-78, 250 or 125 volts
at 100 ma is available. For type TY79, 300 or 150 volts dc at 200 ma
is available. For type TYS80, 325 or 162.5 volts at 150 ma is avail-
able. For type TY-81, 375 or 187.5 volts dc at 200 ma can be ob-
tained. For type TY-82, 450 or 225 volts at 150 ma can be obtained.
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Parts List

Input Output R, R, c, c, C, C,
TY-78 126 250/125 @ 100 ma 400 ohm, 5 watt 20 ohm, 1 watt 250 mfd, 25V 1-4 mfd, 450V 001 mfd, 1000V 2 mfd, 25V
TY-79 126  300/150 @ 200 ma 160 ohm, 5 watt 7.5 ohm, 1 watt 250 mfd, 25V  1-4 mfd, 450V 001 mfd, 1000V 5 mfd, 25V
TY-80 126  325/162.5 @ 150 ma 280 ohm, 2 watt 10 ohm, 1 watt 250 mfd, 25V 1-4 mfd, 450V .001 mfd, 1000V 5 mfd, 25V
TY-81 126 375/187.5 @ 200 ma 500 ohm, 2 watt 25 ohm, 2 watt 250 mfd, 25V  1-4 mfd, 500V .005 mfd, 1600V 2 mfd, 25V
TY-82 12,6 450/225 @ 150 ma 400 ohm, 5 watt 10 ohm, 2 watt 250 mfd, 25V 1 mfd, 1000V .005 mfd, 1600V 2 mfd, 25V
Ty-83 12.6 500/250 @ 250 ma 75 ohm, 5 watt 5 ohm, 5 watt 250 mfd, 25V 1 mfd, 1000V 001 mfd, 1600V 2 mfd, 25V
TY-84 12,6 600/300 @ 200 ma 75 ohm, 5 watt 5 ohm, 5 watt 250 mfd, 25V 1 mfd, 1000V 001 mfd, 1600V 2 mid, 25V
TY-85 126 600/300 @ 350 ma 50 ohm, 10 watt 2 ohm, 10 watt 250 mfd, 50V 1-4 mfd, 1000V  .004 mfd, 1600V 2 mfd, 50V
TY-86 12.6  425/212.5 @ 350 50 ohm, 10 watt 5 ohm, 10 watt 250 mfd, 25V 1-4 mfd, 1000V  .004 mfd, 1600V 2 mfd, 50V
TY-89 28 300/150 @ 100 ma 2.5K, 10 watt 50 ohm, 1 watt 250 mfd, 50V 1-4 mfd, 450V .005 mfd, 1000V 2 mfd, 50V
TY-90 28 325/162.5 @ 200 ma 1K, 2 watt 30 ohm, 2 watt 250 mfd, 50V 1.4 mfd, 450V .005 mfd, 1000V 2 mfd, 50V
TY-91 28 375/187.5 @ 200 ma 5K, | watt 40 ohm, 2 watt 250 mfd, 50V 1-4 mfd, 500V 005 mfd, 1600V 2 mfd, 50V
TY-92 28 450/225 @ 200 ma 4K, 2 watt 50 ohm, 2 watt 250 mfd, 50V 1-4 mfd, 1000V .005 mfd, 1600V 2 mfd, 50V
TY-93 28 500/250 @ 250 ma 3K, 5 watt 45 ohm, 2 watt 250 mfd, 50V 1.4 mfd, 1000V .001 mfd, 1600V 2 mfd, 50V
TY-94 28 600/300 @ 200 ma 2.5K, 5 watt 35 ohm, 2 watt 250 mfd, 50V 1-4 mfd, 1000V 004 mfd, 1600V 2 mfd, 50V
TY.99 6.3 300/150 @ 100 ma 300 ohm, 2 watt 20 ohm, 5 watt 250 mfd, 25V 1-4 mfd, 450V .001 mfd, 1000V 2 mfd, 25V
TY-100 6.3 325/162.5 @ 150 ma 100 ohm, 2 watt 5 ohm, 5 watt 250 mfd, 25V 1-4 mfd, 450V 001 mfd, 1000V 2 mfd, 25V
TY-101 6.3 375/187.5 @ 200 ma 55 ohm, 5 watt 2 ohm, 5 watt 250 mfd, 25V 1-4 mfd, 500V 001 mfd, 1600V 2 mfd, 25V
TY-102 6.3  450/225 @ 150 ma 38 ohm, 5 watt 7 ohm, 5 watt 250 mfd, 25V 1-4 mfd, 1000V .005 mfd, 1600V 5 mfd, 25V




For type TY-83, 500 or 250 volts at 250 ma can be obtained. For
type TY-84, 600 or 300 volts at 200 ma can be obtained. For type
TY-85, 600 or 300 volts at 350 ma can be obtained. For type TY-86,
425 or 212.5 volts dc at 350 ma can be obtained.

For a 28-volt d-c input various other transformers are available,
as indicated. For type TY-89, 300 or 150 volts dc at 100 ma can be
obtained. For type TY-90, 325 or 162.5 volts dc at 200 ma can
be obtained. For type TY-91, 375 or 187.5 volts at 200 ma can be ob-
tained. For type TY-92, 450 or 225 volts at 200 ma can be obtained.
For type TY-93, 500 or 250 volts dc at 250 ma can be obtained. For
type TY-94, 600 or 300 volts at 200 ma can be obtained.

There are also other voltage outputs available by using a 6.3-volt
input in place of the two voltage inputs just given. Using a trans-
former type TY-99, an output of 300 or 150 volts at 100 ma can
be obtained. Using transformer type TY-100, an output of 325 or
162.5 volts at 150 ma can be obtained. Using transformer type TY-
101, an output of 375 or 187.5 volts at 200 ma can be obtained. Using
transformer type TY-102, an output of 450 or 225 volts at 150 ma
can be obtained.

i
«

+0—4

iz

B 7 COMMON EMITTER

Courtesy Triad Transformer Corp.

Common-emitter dc-to-dc converter.

DC-TO-DC CONVERTER

This circuit shows several possible dc-to-dc converter arrangements
using transistor types 2N173, 2N174, or 2N443, and rectifier types
1N1763, IN1764, or IN3256. In each case the input is 12.6 volts dc.

In this common-emitter circuit three different Triad transformers
are suggested for three different output ranges. For transformer type
TY68S the output is 250 volts using a full-wave bridge rectifier, and

70



1L

Ty | W

3 R 4
g
41 4
[
E oc —
INPUT
8
COMMON EMITTER
<
Input Ovtput R, R, <, c, C, C‘
TY-68S 12 250/125 @ 65 ma 60 ohm, 5 watt 600 ohm, 1 watt 250 mfd, 25V 1-4 mfd, 450V .005 mfd, 1000V 25 mfd, 25V
TY-708 12 325/162.5 @ 150 ma 91 ohm, 1 watt 5.6 ohm, 1 watt 250 mfd, 25V 1.4 mfd, 450V .005 mfd, 1000V 25 mfd, 25V
TY-718 12 375/187.5 @ 200 ma 36 ohm, 2 watt 2.7 ohm, 4 watt 250 mfd, 25V 1-4 mfd, 500V  .005 mfd, 1600V 10 mfd, 25V

Dc-to-dc converter.

Courtesy Triad Transformer Corp.



125 volts using a full-wave center tap; in both cases the current maxi-
mum is 65 ma. With transformer type TY70S the output is either
325 or 162.5 volts dc at 150 ma. Using transformer type TY-71S the
output is 375 or 187.5 volts dc at 200 ma.

DC-TO-DC CONVERTER

This is a common-emitter type of dc-to-dc converter using type
2N441 transistors and type SKM500 diodes. The input to the con-
verter is a 6-volt battery, and the input into the rectifier is 50 watts
at 400 cycles. The circuit has an output of 250 volts.

N +250V

2N44 |
7\

T =

TRANSFORMER DATA:
CORE : H-42"C"CORE
FEEDBACK NEXT TO CORE
FEEDBACK: 18T CT¥26

SECONDARY; 786 T *27
PRIMARY: 36 T CT*15

Courtesy Delco Radio Div., General Motors Corp.
Common-emitter dec-to-dc converter.

DC-TO-DC CONVERTER

This is a dc-to-dc converter or voltage multiplier that can step up
a small d-c voltage to a large d-c voltage. Since various voltage step-
ups are possible, the circuit as shown has three meters, one for meas-
uring the base current, one for the emitter current, and one for the
output current.

For the transistors shown, the maximum switching rating is 2 am-
peres for each collector and 100 ma for each base. A control is ad-
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justed to provide currents within these ranges for the specific voltage
used for the input.

Suggested transformers for a voltage step-up from 6 volts to 250
volts are shown; other transformers can be used provided that the
same current ratio is maintained.

T1 turns ratio is E;"T + E;y ; for an Eopr of 250 volts dc and an
E;x of 6 volts dc, a filament transformer (115 volts/6 volts C.T.) can
be used if its power rating is at least equal to the power output. T2 is a
tube-to-voice-coil transformer of 2000/8-4 ohms impedance. D-1 can
be a IN1763 or 1N443B.

md /D1 DI
ﬂh
D1 DI
o]
+ D-C OUTPUT -

Courtesy CBS Electronics Div., CBS inc.
Converter or voltage multiplier.

DC-TO-DC CONVERTER

Two circuits are shown for dc-to-dc conversion. Fig. A is a com-
mon-emitter circuit, while Fig. B is a common-collector circuit.

Figs. A and B both use Triad TY88 transformers. The supply
voltage is 28 volts dc, and if it is connected as a full-wave bridge
circuit, the output voltage is 250 volts dc. If the input is connected
as a full-wave center-tap rectifier, the output voltage would be half
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this value, or 125 volts dc. The maximum current drain is 80 ma.
The suggested transistors are type 2N173, 2N174, 2N443, or 2N1099.
Suggested rectifiers are IN1763, 1N1764, 1N3196, or 1N3256.

7
8489
10

E L
‘B% ) ) 3 T €
] T

R1—5K, 1 watt
Ra—60 ohm, 1 watt
€,—250 mfd, 50V

R2
—————AA—

COMMON EMITTER

C2—1-4 mfd, 450V
C3—.001 mfd, 1000V
C4s—2 mfd, 50V

(A) Common-emitter circuit.

COMMON COLLECTOR

Ry, Ra—5K, 1 watt
R3, R¢—200 ohm, 1 watt
C,—250 mfd, 50V

C3—.001 mfd, 1000V
C4—2 mfd, 50V
Cs—2 mfd, 50V

Ca—1-4 mfd, 450V

(B) Common-collector circuit.
Courtesy Triad Transformer Corp.

Dc-to-dc converter circuits.



DC-TO-DC CONVERTER

This is a common-emitter type of dc-to-dc converter using 2N442
transistors. This circuit produces 100 watts of 800-cycle power into
the rectifier, which uses four type SKM500 diodes. The input power
supply is 12 volts, and the output of the converter is at two levels:
+250 volts and +500 volts.

2N442
+250V
"-_J=25n!
osniow - | S0V
+— VN~
+||I- 25.n 10W +50QV
—-| AAAN—
v ¥
o L
¥ 50V
ﬁa TRANSFORMER DATA: _[—°
./ N

CoRE: H-azcone
PRIMARY 36T CT

2nga2 FEEDBACK: 1T CT#26
SECONDARY" 786T CT#27

Courtesy Delco Radio Div., General Motors Corp.
Dc-to-dc converter.

DC-TO-DC CONVERTER

This circuit shows two 2N441 transistors operating as a common-
collector dc-to-dc converter from 6 volts to 250 volts. All diodes are
type SKM500, and the circuit provides 50 watts output at 400 cycles
into the rectifier circuit.

2N44)
+250 V.

TRANSFORMER DATA:
CORE: H-42 "C" CORE
FEEDBACK NEXT TO CORE
FEEDBACK: 54T CT #26
SECONDARY. 786 T *27
PRIMARY: 36T CT#5

Courtesy Delco Radio Div., General Motors Corp.
De-to-de converter.
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Section 4

INVERTERS

DC-TO-AC INVERTER

This circuit shows a dc-to-ac inverter using type 2N1073B tran-
sistors with fast switching times. The switching frequency of this
circuit is about 2500 cycles; it is possible to add other secondary
windings on the core or to add a high-voltage secondary if desired.
The output from this circuit can be fed into a half-wave or bridge
rectifier in order to produce d-c output from the 150-volt peak out-
put at 120 watts.

Assume that Q, starts conducting because of the negative-feedback
voltage. The return path for the feedback voltage is through resistor
R, and through diode CR.. There is a voltage drop across CR, when
it is conducting, and this voltage is of such polarity that a reverse bias
is fed to the emitter-to-base diode of Q,. This means that transistor
Q: is cut off while transistor Q, is going into saturation. When the
core saturates, the magnetic field begins to collapse and the polarity
of the feedback voltage reverses. Q, now starts to conduct, and Q,
is cut off. Now the feedback return is through diode CR, and the same
action occurs as when Q, was conducting. The voltage drop across
CR, will assure that Q, is reverse biased, and therefore cut off.
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Capacitors C, and C, are used to remove the spikes from the col-
lector-to-emitter waveform. The reverse bias on the emitter diodes
never is greater than the voltage across CR; and CR,, thus the emitter
diodes are protected.

Josc 2 2500 CPS
MAX. AMBIENT *=60°C

*IIYH EACH TRANSISTOR
MOUNTED ON A DELCO

lom 50VDC TET0T2S HEAT $INK.
Gt I
Re 4 I

—— AN—
"Stal o soaw] |

' lg==| 1.
- P ||

+ T
I

FEEDBACK "

Eo 150V PEAK
T'"*”'” + Ifehi= I 120 WATTS
CRe 1""' "
32VDC
IN3193 I+
o 'PRI. 67t TAP® 335
2N10738 Il *15
" FEEDBACK: 41 #£22
R3 SEC: 158t # 22
NVWN—= CORE:
3000 5W ALLEN BRADLEY CO.
- US375C 127A
- WO3 FERRITE MAT'L

Iopf 50VDC

Courtesy Delco Radio Div., General Motors Corp.

De-to-ac inverter.

HIGH-CURRENT INVERTER

The circuit in Fig. A shows a pair of 2N2728 power transistors
operating in a low-voltage high-current inverter circuit. This inverter
will change a 2-volt d-c source to a higher-voltage square wave. The
circuit operates in a common-emitter arrangement. The secondary
windings of the driver transformers are split to allow each transistor
to be driven separately. Resistors R1 through R4 are used to provide
a voltage divider and starting bias for the circuit. Fig. B shows the
transformer specifications.
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This inverter operates at about 1000 cycles per second with an
efficiency of about 70% ; the power output is 60 watts.

FB
3
NAT gy in
Q 3
St 3 N3
! 3
'—> NAT 3 8 1or
> R3 c2 3
N4 8T 1t 3
3
s M 3¢
3| & w2
—e ———4|—in Emor'm‘
R2 Von 4T 2||&
@ B 3
N6-4T 3

(A) Circuit diagram.

4T
#16

AT M6 CORE: HI NICKEL STEEL
LAMINATIONS.

4T
"ne

AAAAALAAAAA

ALLEGHENY LUDLUM

STEEL COMPANY.
4T #16 1/4" x 1" STACK OF 1-DU

AAAAAAAAAAA

Ry—0.75 ohm, 5 watt
R2—0.75 ohm, 5 watt
R3—7.5 ohm, 5 watt
Re—7.5 ohm, 5 watt
Rre—1 ohm, 5 watt
Cy—20 mfd, 6V

Driver Tronsformer PX-2126

4T
a1

4T
1

3
_é

——————0
9
9
<
¢
)| & 100T
& 20
<
S
4T a1 3 4
4T 11 b
4T M1 3|| core: ARNOLD AA-86 (2
4T M1 2

Output Tronsfomer PX-2127

(B) Transformer specifications.

C,—10,000 mfd, 6V
C3—20 mfd, 6V
Ti—Phoenix Transformer PX 2127
Ta—Phoenix Transformer PX 2126
Q;, Q2—2N2728
Vin—2V, 50A

Courtesy Motorola Semiconductor Products

High-current inverter.
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DC-TO-AC INVERTER

This circuit shows an inverter with several voltage inputs and
outputs. The suggested transistors are 2N173, 2N174, or 2N443.
Suggested rectifiers are 1N1763, 1N3196, or 1N3256.

With Triad transformer TY462, the input voltage is 12.6 volts dc;
the output of 60 watts at 400 cycles is either at 110, 115, or 125 volts,
depending on which transformer tap is used. With Triad transformer
TY468, a 28-volt input is used, and the same voltage outputs are
available. In either case, the other circuit components are the same.

R2 YEL
GRN/YEL
BROWN 125 v.

BLUE 115 V.

] = RED/YEL 110 v.
B < E ) BLK/GRN ' l

RED COM.
E DC
INPUT
Ry—500 ohm, 10 watt €,—250 mfd, 50V
R2—50 ohm, 1 watt Ca—1 mfd, 400V

Courtesy Triad Transformer Corp.
Dc-to-ac inverter.

2-VOLT DC TO 120-VOLT AC INVERTER

This circuit shows an unusual inverter which produces 120 volts ac
from a 2-volt d-c input. Transistors type 2N1518, 2N1519, 2N1520,
2N1521, 2N1522, and 2N1523 can be used in this circuit since
these transistors can switch anywhere from 25 to 50 amperes.

If the 2-volt d-c source has a current capability of 25 to S0 amperes,
this circuit can deliver 30 to 50 watts of 120-cycle square-wave a-c
output.



Only one bias resistor is used and a separate feedback transformer
is not required. The circuit shows a 25-ampere 2-volt d-c inverter.
It is possible, by changing the bias resistor and size of the wire in
the windings, to operate this circuit up to 50 amperes with a 2-volt
d-c input. With the parts values shown in the circuit, type 2N1518
transistors are suggested.

In operation assume that Q, begins to conduct, which increases the
voltage drop across the primary of the transformer. This increasing
voltage is coupled to the feedback winding, and a negative voltage is
applied to the base of Q:, causing it to increase its conduction. Q,
causes the transformer to go into saturation, and the voltage across
the primary collapses, causing a change in polarity which is coupled
to the feedback winding. The feedback winding applies a reverse bias
to Q; and a forward bias to Q; so that there now is a reverse opera-
tion, with increasing conduction through Q..

Bias current is applied across R;. This circuit operates best with
a d-c input of 3 volts or less.

Q)
OUTPUT
L3
Q2
Q,, Qa—Delco 2N1518 L, (Feedback) 38 turns No. 19, tap at
Ry—7.5 ohm in parallel with 1 ohm — .88 197
ohm, 10 watt L3 (Secondary) 1170 turns No. 26
Ti—L, (Primary) 30 turns No. 10, tap at Core: Magnetics Inc. 51001-2A, Toroid.
157 Primary and feedback windings
are bifilar.

Courtesy Delco Radio Div., General Motors Corp.

2-volt dc-to-ac inverter.



110-VOLT INVERTER

This circuit shows a dc-to-ac inverter that produces 110 watts of
110-volt 60-cycle output from a 12.6-volt input. In this circuit the
transistors operate as switches, with one being off while the other
is on.

Assume for the sake of operation that Q, is on and Q; is off,
thus connecting the 12.6-volt battery supply across the top half of
the center-tap primary winding. When transistor Q, begins to conduct,
there is a current flow through the transformer. A saturation of the
core causes a collapse of the magnetic field and a switching of the
transistor positions.

In this circuit resistors R, through R, are used to start the oscilla-
tions, while resistor Rs, capacitor C, and diodes CR; and CR; are
used to provide a de-spiking network to protect the transistors. The
suggested heat sink is given in the parts list for this unit.

AAAAA.
VVVVvy

Rl 100 ~ R3 <
15~3
2N278
& Rs r CR
t
q>—@_’ 126V, 160~ J-
{ JUL 'ulug \&;397.'
) T_c‘_“_1" OUTPUT
O MFD. # CRp
Q2 —
2N278 4
<
4 s
R2 100~ 1.5~

\AAAAL

AMBIENT TEMPERATURE RANGE 7I°C. TO -55°C.

Ry, R2—100 ohm, 5 watt wirewound T,—transformer: core—1 5/16" stack of

R3, Rg—1.5 ohm, 5 watt, wirewound 125 E.l. 0.014” silicon iron

Rs—150 ohm, 5 watt, wirewound Heat sink—aluminum, 80 sq. in., finned.

CR,, CRa—Power diode, Sarkes Tarzian The thermal resistance of this
M 500 or equivalent sink should be better than

C;—20 mfd, 50V electrolytic 2.1°C/watt. This will permit

Q,, Q;—2N278 Delco power transistor operation in ambient tempera-

tures up to 71°C.
Courtesy Delco Radio Div., General Motors Corp.
110-volt inverter.
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POWER INVERTER

This circuit shows a power inverter operating from a 12-volt source
and using two 2N671 transistors to produce a power output of 2
watt at a frequency of 1380 cycles per second. As shown, the power
output is obtained across a 600-ohm load.

ANV
51K 2N671
DO-T44 %
BN
‘ 12.4v S
= : -2
YL (=
BLU BLK
BLU WT % UTC
100 2N671
MV Courtesy United Transformer Corp.

Power inverter.

DC-TO-AC INVERTER

A dc-to-ac inverter using two different transformer types (Triad
TY75A or TY76A) is shown. Suggested rectifiers are IN1763,
IN1764, 1IN3196, and IN3256. Suggested transistors are 2N173,
2N174, 2N443, and 2N1099.

As shown in the circuit, with either transformer the input is 12.6
volts dc. For the TY75A, the output is 115 watts at 60 cycles with
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GRN
—=ANA
E BLK/GRN BROWN 125 V.
B
L RED/YEL o v.
CA R4 C' =
L .
il 1§
Cy R3 oC
- [«
T 8 INPUT 2
oM.
E RED
et A'A%
R2
R, R, R, R, c, <, <, A
TY-75A 5 ohm, 2 watt 200 ohm, 10 watt 250 mifd, 25v 1 mfd, 400V Paper 2 mfd, 50V 2 mfd, 50V

TY-76A 7 ohm, 2 watt

100 ohm, 10 watt

250 mfd, 25V 2 mfd, 400V Paper

4 mfd, 50V 4 mfd, 50V

De-to-ac inverter.

Courtesy Triad Transformer Corp.
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+POWER SUPPLY
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(A) Circvit diagram.

CORE FERROXCUBE
528T - 500 - 3C,

wn

=

»

=

Tﬂ
AAAAAALNAAN,
LT

AAAAAAAANAAAANANS
A{

START N3-2T #22

@\ﬁ

N1-11T #14

-0

AAAAAAAA

N2 =22 VZ/VEE

N1-11T #14 3

®- 3 °

N3-2T #22

Transtormer Inverter Transformer

Winding Connections

(B) Transformer specifications.

Ry, Ra—27 ohm, 1 watt D3, D,—1N3039 B

Rs, R4—2.2K, 2 watt Q,, Q2—2N2833

C., C,—O.S mfd, 10V T,—See Fig. B

€3—250 mfd, 50V Power Supply—28V dc, 5 amperes for 100
D,, Da—1N4001 watts out

Courtesy Motorola Semiconductor Products

High-frequency inverter.
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HIGH-FREQUENCY INVERTER

A pair of 2N2833 transistors operating in a high-frequency inverter
circuit convert 28 volts dc to a 15-kc square wave as shown in Fig. A.
Resistors R; and R;, as well as R; and R,, form voltage dividers
which provide 0.35 volt of base voltage necessary to start the circuit.
Resistors R; and R, limit the base current once oscillation has
started.

Diodes D, and D, are used in this circuit as emitter-base clamping
diodes which are necessary to prevent reverse bias of the emitter-to-
base junction beyond the rating of the 2N2833 transistors. Zener
diodes D3 and D, are used to keep the collector-to-emitter voltage
of the transistors at a proper level. Capacitor C; is used to eliminate
the lead inductance of the power-supply leads. The inverter uses a
core which is a Ferroxcube 528T-500-3C2; the primary has 11 turns
of the No. 14 wire and the feedback winding has 2 turns.

Fig. B shows the inverter transformer and its winding connections.
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Section 5

MISCELLANEOUS CIRCUITS

VOLTAGE DOUBLERS

Typical of silicon rectifiers that can be used for voltage-doubler
service are the 1IN1763 and 1N1764; their operation characteristics
are given in these circuits.

Fig. A shows the type 1IN1763 in a half-wave voltage-doubler cir-
cuit. As is characteristic with voltage doublers, the output voltage
decreases as the current drain increases. The unloaded supply in this
case has an output voltage of 300 volts dc; at 400 ma drain, the out-
put voltage has dropped to 250 volts using the smaller capacitor and
to 270 volts using the larger capacitor.

Fig. B shows the type IN1764 in a transformer-type half-wave
voltage-doubler circuit. Here, with no load, the output voltage is about
425 volts; at 400 ma the voltage has dropped to 320 volts using the
smaller capacitor and to 350 volts using the larger capacitor.

Fig. C shows the IN1763 in a full-wave voltage-doubler circuit
fed directly from the line. With no load the output is 330 volts; at
400 ma the output voltage is 240 volts to 260 volts, depending on
the size of the output capacitor used.
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Fig. D shows a IN1764 in a full-wave voltage doubler using a
transformer. The unloaded output voltage is 420 volts, while the
loaded output voltage at 400 ma is 310 volts to 370 volts, again de-
pending on the size of the capacitor used.

VOLTAGE MULTIPLIER

This circuit is the equivalent of a vibrator circuit as used with
an automobile battery to obtain d-c voltages for operating mobile
radio equipment or audio amplifiers in an automobile. In this cir-
cuit the source voltage is shown as 1.5 volts, but the output voltage
and current can be changed by varying the battery voltage and the
transformer turns ratio. This is a typical circuit.

Two power transistors are used as an oscillator which operates
as soon as the switch is closed. The step-up transformer provides an
a-c voltage across the secondary; this voltage is rectified to produce
a 50-volt d-c output.

6.3V-IlSV
FILAMENT TRANSFORMER (noTE 1)

CBS 2N255
NOTE It ;—,
?TANCW PSIS:IFO. | amP.
m"|nglomwrls| ilx' SPST T |.__-4 + 50 VOLTS -—

Courtesy CBS Electronics Div., CBS Inc.
Voltage multiplier.

BATTERY CHARGER

A regulated 12-volt battery charger designed to be used with a
12-volt automobile battery is shown. The circuit is set for the required
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CRa
GE-Xx4
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BATTERY
UNDER
CHARGE

CI—100 uf, 25 volt capacitor
CR1—-GE-X11 Zener diode

CR2—G-E Type IN1692 rectifier diode
CR3, CR1—GE-X4 rectifier diode

CR5—G-E Type 6RS20SP4B4 Thyrector
diode (optional transient voltage

suppressor)
F1—2 amp fuse
RI—-500 ohm, 2 watt linear potentiometer
R2, R3—27 ohm, 3 watt resistor
R4—1000 ohm, 14 watt resistor
R5—47 ohm, 1 watt resistor
SCRI—GE-X3 Silicon Controlled Rectifier
SCR2—GE-XS5 Silicon Controlled Rectifier
T1-—-Transformer: primary, 120 volts AC;
secondary, 24 volts A center-tapped
(UTC-FT10, Triad F41X, or equiva-
lent)

Courtesy General Electric Co.

Battery charger.
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current to be sent through the battery. When the battery is fully
charged, the charging current ceases. This circuit can be used with
emergency power-supply sinks. If the battery is connected to the cir-
cuit and it becomes discharged while it is connected, the charger will
switch back into the circuit automatically.

As shown, there is a full-wave rectifier using two silicon diodes
across the 24-volt a-c secondary, with controlled rectifier SCR1 con-
nected in series with the battery. If the battery voltage is less than
12 volts, there is a gate signal applied to SCR1 by means of resistor
R2 and diode CR2. With this gate signal applied to the controlled
rectifier, the rectifier conducts on each cycle of the supply voltage, and
current flows until the battery is charged.

As the battery voltage approaches its normally charged value,
capacitor C1 is sufficiently charged to turn on the second semi-
conductor-controlled rectifier (SCR2) through zener diode CRI.
When this point is reached, the voltage at point A, which is the gate
of SCR1, suddenly drops to a value below the battery voltage. SCR1
cannot turn on, and the battery charging stops at this point.

With a fully charged battery connected to the circuit, R1 is set so
that the charging just ceases. This resistor, or control, is known as
the trip-point selector.

SELENIUM-RECTIFIER CIRCUITS

Six basic rectifier circuits and their characteristics are shown.
Fig. A is a single-phase half-wave rectifier used for low-power ap-
plications. There is a high ripple frequency which is the same fre-
quency as the supply. The efficiency is relatively low.

Fig. B shows the single-phase full-wave bridge for a relatively
high power with an efficiency of about 75%. The ripple frequency is
twice that of the supply frequency, and this circuit makes greater
utilization of the voltage available across the secondary.

Fig. C shows a single-phase full-wave center-tap circuit which re-
quires a transformer with a center tap and a terminal voltage of
2.7 times the load voltage. v

Fig. D shows a three-phase half-wave rectifier that can be used
where low ripple is of primary importance. The ripple factor is about
20% and the ripple frequency is three times the fundamental fre-
quency. The efficiency of this circuit is higher than the single-phase
half-wave circuit.

Fig. E shows a three-phase full-wave bridge circuit that can be
used where heavy d-c current is required. The ripple is very small,
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AVERAGE DC + ; ;
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E APPROX RIPPLE = 125%
= oNE CYCLE =
(A) Single-phase half-wave circuit.
Tac
AVERAGE DC Eac - 115 Epceov
_l %I 1ac - 115 'oc
§ RIPPLE FREQ = 2F
= APPROX RIPPLE « 52%
-]
] .
OME CYCLE. or
(B) Single-phase full-wave bridge.
)
AVERAGE DC ! A ;
Ve -_ Ep Eac - 115 Epc+ov
= v ToRD Tac - .8 !pc
o Py :“ RIPPLE FREQ = 2F
= AC APPROX RiPPLE = 52%
& ONE cvcu —
(C) Single-phase full-wave center tap
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(F) Three-phase full-wave center tap.
lac = RMS ALTERNATING CURRENT

Eac = APPROX AC INPUT VOLTAGE (RMS)
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oV = VOLTAGE DROP IN RECTIFIER {RMS)
Ioc = AVERAGE DIRECT CURRENT OUTPUT

F .
%RIPPLE -

Selenium rectifier circuits.

INPUT FREQUENCY
RMS AC RIPPLE COMPONENT

AVERAGE DC VOLTAGE

Courtesy Sarkes Tarzian, Inc.
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Table 1. Selenium cell ratings.

AX, CONTINUQUS D. C. AMPERES @ 45°C
MAX,
cen ot sPac. ceus SINGLE PHASE THREE PHASE o.C.
NO. sze WG )
. STACK Hot# Sridge Mot Bridge (43 Block.
Wave ond C. 7. Wave g
[ 2827 D. 175 005 010 013 015 018
1 L4657 5Q. 178 025 050 066 075 090
N 30 075 150 2 228 27
N 16 a 2 265 3 36
2 175Q. N 3 a2 228 3 34 4
w 20 2 225 3 34 4
N 30 a5 3 4 45 23
N 16 2 - .53 6 31
k] 1% sQ. N 8 23 45 6 675 35
w 20 .23 A5 0 675 s
N 12 3 6 K] 9 L 435
N. 6 375 75 1.0 1125 137 5
4 1.6” sQ. N . 45 9 1.2 135 1.65 47
w 24 45 9 12 135 165 &7
N 32 225 45 6 675 L] 34
N 16 275 55 75 .85 10 .425
an 147 5Q. N 8 s 7 K 118 12 5
w u 35 7 o 115 1.2 .5
N 32 K] 1 133 5 X} 78
N 16 6 1.2 1.6 e 218 86
H 2°sQ. N 8 75 15 2 2.25 27 11
w 24 75 L5 2 2.25 27 n
N 3z 4 8 1 2 1.4 .6
N 16 8 96 12 4 17 7
SA 18°sQ. N ] 6 1.2 15 s 2.1 9
w 24 3 12 15 8 2.1 9
N 32 1 2 27 k] 3.6 K]
N 16 1165 233 314 3.5 42 175
6 3°sa. N [ 1.25 25 138 375 a5 188
w 20 1.5 3 a5 54 2.25
N 32 2 4 53 72 3.2
N 16 2.25 a5 59 675 8.1 36
7 4°sQ. N [ 2.5 s 6.6 7.5 9 4
w 20 3 6 ] ] 108 a8
N 40 35 7 9.3 10.5 126 56
N 16 a9 7.9 10.4 N8 141 63
] 5" sQ. N 8 42 23 mn 125 15 67
w 24 53 10.5 4 158 8.5 a4
N 40 35 7 93 10.5 126 56
N 16 39 79 104 ne 14 63
] 4% "x6" N 0 42 3 na 125 15 67
w 24 53 10.5 14 158 18.5 8.4
N 40 4 8 106 12 14.4 64
N 16 a5 9 19 13.5 182 7.2
10 5°x 6" N ] 47s 9.5 12.5 1425 17.t 76
w 24 12 16 "» 218 9.6
N 40 4 ] 106 12 144 64
N 16 as 9 ne 135 16.2 72
n 4%k 6N N s 475 9.5 125 1425 V7 7.6
w 24 12 16 8 0.6 9.6
N 40 7.5 15 20 22.5 7 12
N 16 8s 169 224 253 304 135
12 4% x 127 N s 2.9 17.8 23.9 269 32 143
w 24 na2 22.5 30 38 40.5 11
N 40 6 12 15 134 20
N 16 6.5 13 169 1] 21 10.5
14 U RTH" N 8 7 W 17.0 13 22 12
w 24 9 113 225 24 30 14
—— e S
vl 5 por Col Vol
W—Wide Spacing v 27.5 vee

Single phete cwrent ratings are for resielive or inductive londs only. For battery, moter, or capacitive loads the ratings are S0 of velus shawn obeve. Al retings ore
o norme) convection ceoking.
For fan caciing {spprenimate eir velockty of 500 feet per minuie] mltiply norme! 1poced rotings by 2.5.

Courtesy Sarkes Tarzian, Inc.
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about 4%, and additional filtering is often not required. This circuit
has a d-c voltage output that is about 20% higher than the applied
single-phase voltage.

Fig. F shows a three-phase full-wave center-tap circuit to be used
where extremely heavy d-c currents are required. A transformer with
a six-phase star secondary is needed, with each phase winding of the
secondary provided with a center tap.

Suggested selenium cells for use with these circuits are shown in
Table 1, with the characteristics given for each cell for each circuit

type.

SWITCHING REGULATOR

A switching type of voltage regulator is shown in block diagram
form in Fig. A and in schematic form in Fig. B. The function of a
switching regulator is to reduce the power loss in the series transistors
when there is a large variation of the input or output voltage. A switch-
ing regulator operates on the principle that the output voltage is pro-
portional to the input voltage according to the duty factor of the switch
voltage.

There is a series control which is effectively a variable resistance
feeding an output filter. The voltage output is compared to a refer-
ence, and then the error voltage or difference is used to adjust the
duty cycle control. This feeds a driver that in turn adjusts the series
control resistance.

The amplifier stage is made up of a differential amplifier and a
stage of current gain; Q; and Q. make up the differential amplifier,
while Qs is the stage for additional gain. The purpose of the differential
amplifier is to sense the output voltage and compare this to a refer--
ence so that the difference voltage can be amplified. The amplified
error voltage is applied to the base of transistor Q; which controls
the charging rate on capacitor C;.

A zener diode D, provides a stable voltage source used for a refer-
ence, while zener diode D; provides an offset voltage for the reference
and differential amplifier. This allows the output voltage to be variable
from O to 20 volts. Without this offset voltage, the minimum output
voltage would be the reference voltage.

Transistors Q, through Qg provide the duty-cycle control circuit.
Unijunction transistors Q; and Qs provide a relaxation oscillator for
duty-cycle control and for frequency control. The oscillators produce
pulses to trigger a bistable multivibrator circuit. Qg controls the
operating frequency of the regulator at 5 kc. Transistor Q5 sets the
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Courtesy Motorola Semiconductor Products
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OUTPUT VOLTAGE (VOLTS)

19,990

Ry—120 ohm, *=1%

R2—500 ohm, 10T potentiometer
R3—5 ohm potentiometer
Rs—2.2K, =1%

Rs, Re—100 Ohm, *=1%
R—12K, +1%

Rs—10K, +1%

Ro—2.7K, =1%

Rlo, R|;, R|., R|'—4.7K, +5%
Ry1, Rys, R25—100 ohm, +5%
Ri12—150 ohm, +1%

Riys, R24—330 ohm +5%
Ryy—5.6K, =5%

4

5 6 7 8 9 10 11 12

LOAD CURRENT (AMPS)

(D) Load regulation.

Ris, R2;—1.8K, +5%

Ri9: R20, R23—1K, +5%

R21—470 Ohm, +5%

R26—36K, =5%

R27—10K potentiometer

R23—330 ohm, 5 watt, =5%
R19—20 ohm, iS%

R3o, R31—0.1 ochm, 5 watt, wirewound
R33—47 ohm, +5%

R33—2 ohm, 5 watt, wirewound
R34—100 ohm, 10T potentiometer
R3s—40 ohm, 50 watt, wirewound
R36—100 ohm, 5 watt, wirewound

All resistors are V2 watt unless otherwise specified.

€,—12,500 mfd, 75V
€2—0.001 mfd
C3—0.003 mfd
C4—0.05 mfd
€5—2200 pf

CQ—.OI mfd

D, Da—1N823A

Dj, D4, Ds—1N4001
Ds—1N3128

D,—1N3889

Q;, Qa, Q, Qq, Q7—2N697
Q3—2N2800

Qs, Qa—MU970

Qy, Q;0, Q)1 —2N2832

C7—0.006 mfd
Cs—50 mfd, 25V
Co—2000 mfd, 75V
C|o—0.| mfd

C. 1—50 mfd, 15v

All capacitors are +10%.

Q,2—2N2043

SCR-1—MCR 9141

L;—8 mh at 10A dc. Triad C-49U

V;—45V *5V at 10 amps peak with a
50% duty cycle

Va—20V +5% at 75 ma

V3—20V +=5% at 25 ma

Courtesy Motorola Semiconductor Products

Switching regulator. (Cont)
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“on-off” duty cycle of the 5 kc rate by generating pulses at time
intervals which depend on the rate of charge of capacitor Cs.

Transistor Q, discharges capacitor C; at the beginning of each
trigger pulse, thus resetting the charge on this capacitor from zero
at the beginning of each cycle. Transistors Q¢ and Q: constitute a
bistable multivibrator; pulses from the unijunction circuits trigger
this multivibrator to produce variable duty-cycle pulses. Diode Dy
provides bias for the transistors.

Power transistor Q, is used as the driver circuit which is driven
into saturation by the collector current of Q;. Saturating Q, causes
the series switching transistors to be biased *“off” due to the charge
on capacitor C;;.

Transistors Q,; and Q,, are the series switching resistors operating
in parallel; they are biased “on” through resistor Rj; and turned “off”
by the driver transistor.

Circuit waveshapes are shown in Fig. C, and the load regulation
for this circuit is shown in Fig. D. This load regulation from no-load
to full-load is 0.05%.

ELECTRONIC RIPPLE FILTER

It is possible to use transistor circuits to reduce the ripple in a
power-supply filter, but these circuits are not designed to take the
place of ordinary inductance and capacitance filters. They are de-
signed to supplement the ordinary filter to produce very low values
of ripple. For a circuit such as this to operate efficiently, it is neces-
sary to reduce the ripple to an approximate value of 3 volts peak-
to-peak or less, ahead of the electronic filter.

Consider Fig. A as the basic electronic ripple-filter circuit which
can be redrawn as an emitter follower as shown in Fig. B. The emitter
follower, or common-collector circuit, is degenerative, and any in-
crease in voltage at the input will cause a decrease in voltage across
the load so that the ripple is effectively reduced by the degeneration
process. Another name for this circuit is the capacitance multiplier.
Suppose that in Fig. B a ripple voltage appears which would add
to the 31 volts shown. This ripple voltage would have a tendency to
increase the voltage across the load resistor, but note that the polarity
of the increase will actually cause the base of the transistor to become
less negative with respect to the emitter. This has a tendency to turn
off the transistor, and the ripple voltage subtracts from the d-c power
supply so that, in effect, any increase in voltage caused by the ripple
will be effectively counteracted.
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In Fig. A the capacitor shown in the circuit will try to maintain
a nearly pure d-c voltage just as a battery would in the circuit. How-
ever, the capacitor has the advantage over the battery in that it can
change its d-c voltage level, if required by the input voltage level.

Fig. C shows a circuit that will reduce the ripple by about a factor
of 250 to 1 so that if the ripple is reduced to about 250 millivolts
(peak to peak) by the inductance and capacitance filters ahead of the
circuit, the output from this electronic filter circuit will only contain
approximately 1 millivolt of ripple peak-to-peak.

INPUT ouTPUT INPUT
Ri
DC WITH b REDUGED RIPPLE 31VDC
RIPPLE
O= o O~
(A) Basic ripple-filter circuit. (B) Redrawn as an emitter follower.

DELCO 2NI74 (4 IN PARALLEL)

da2w
2w
— o-
o 12w
INPUT OUTPUT
31.4 VDC IK 28 VDC
15 AMP. (MAX.) 2W 15 AMP (MAX.)
3VP-P RIPPLE 3
(MAX) IK
120 CPS RIPPLE 27K oW 2000uf
500uf <JWV2W 50VDC
+ o p S0 VDC ! . o+

(C) Circuit reduces ripple by 250 to 1.

Courtesy Motorola Semiconductor Products
Electronic ripple filter.
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PLUG-IN SILICON RECTIFIERS AS TUBE REPLACEMENTS

It is possible to replace vacuum-tube rectifiers with a direct plug-in
replacement made from individual silicon rectifiers. These rectifiers
and the tube type for replacement are shown in Table 2. For example,
to replace a SAU4 tube, a 1IN2389 is suggested.

Table 2. Silicon-rectifier replacements for tubes.

max. por section] DC
ouipst replacomont Yersien Jodes dimensions
ompe. | posk | posk |ewrrene for type Type Ne. pine* ., max.
€ | inverse WA,
(100°C) voltage| surreat| max. A [ [
6AU4, 6AX4
025 | 4s00| 2500 | 250 64, 6W4, $5033  IN1262 , 3% | 1% | o
12434, 17AX4, 25W4 »e
250 | 19000 | 2500 | 250% 9020° $5347 - @ o | % | o
914, 836 o 3028 3
7000 | 3000 | 300% ond 866 ot s — _ 3 | k| v | ot o s 0.
o3 doced volege wired, others sen bloak.
10400 | 3000 [ 300% | 966, 8864, 3028 55190 - ,_ % | 1% | s bod
.
2000 | 5000 { 500 sne #9019 IN12%9 :@ | % | !- —l
05 - i H
1600 | 35000 [ s00 o 55207 IN24%0 : we | w | _I.
SAU4, SAWS, SAZ4 - \
06 1600 | 6000 | 600 5T4, 5U4, V4, 55251  IN2389 . %P1 | 2% oy
SW4, 5Y3, 524 e
1600] 8000 | 750 | 0,82,83,83v,523  $-501TA  IN11SOA r@_' el 1% | %
04, 5X4,
075 | veoo| so00 | 70 5¥4, 605, $5017  IN1237 , 2| 1% | 3%
SAUS, SAW4, SAZA,
1600 | 8000 | 750 574, 5U4, 5va, $5018  INI238 Me]| 1% |
SWa, Y3, SZ4 ° _
os 1600 | 5000 | 500 128W4, 6BW4  4S-5307 - E 2 % | 2%
12 | 10000} 10000 | 1250 8724 $.5344 - '@ % | % | 7%
12 | 10000 | 10000 | 1250 2008 $-5373 - ’® % | | e
15 | 15000 roooo | $1500 S75A $-S449 - '@ o | 1% 10

Courtesy Sarkes Tarzian, Inc.

ELECTRONIC RIPPLE FILTER

This circuit shows a simplified electronic ripple filter operating
basically on the principle of a common-collector or emitter-follower
circuit where the degeneration in the circuit effectively reduces the
ripple coming from the power supply.
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This electronic ripple filter is connected in a circuit so that the
input to the filter is the output of the conventional inductance and
capacitance filter. This circuit will reduce the ripple by about 6 to 1,
as shown, and requires only three transistors.

DELCO 2Ni74 (2 IN PARALLEL)

AW
-— ——
A0 W
INPUT OUTPUT
31.25VDC
5AMP (MAX.) 28 VDC
3V PP RIPPLE (MAX) IK 5 AMP
120 CPS RIPPLE 2w
SWWwW .
22K [wm
1000MF V2 W, 2000MF
50VDC ' 50VDC
+ o : . ¢ < +

Courtesy Motorola Semiconductor Products
Electronic ripple filter.

STAIRCASE GENERATOR

This circuit is a staircase waveform generator using a unijunction
transistor to reduce the number of circuit components. The circuit
can generate a staircase waveform at the emitter of unijunction tran-
sistor 2N492A, and it can also divide the input frequency by any
desired ratio.

As shown in the circuit, a negative input pulse through transistor
Q. turns this transistor on for a period of 15 microseconds as de-
termined by resistor R;. A pulse from this conduction provides the
drive for diode D; and transistor Qj, which together provide a cur-
rent source controlled by resistor R;. Capacitor C, as shown, is
charged by this current source. The particular voltage at each step
is determined by the value of resistor R, and when the voltage across
capacitor C reaches the firing potential of the unijunction 2N492A
transistor, the unijunction will fire and discharge the capacitor. This
discharge produces a positive output pulse across the 47-ohm re-
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sistor connected to the unijunction; the output pulse is greater than
5 volts with a rise time of about 5 microseconds.

It is possible to feed input signals up to 10 kc into this generator.
If transistor Q; is added to the circuit, it will discharge capacitor C
at a faster rate and double the maximum frequency of operation to
about 10 kc. Low-frequency operation is determined by the amount
that the capacitor is discharged by the leakage path, which consists
of transistor Qz, Q; and Q;. Waveforms that contain from 5 to 25
steps may be obtained by adjusting R,. With the various combina-
tions for R, and R, there is a wide variation in the number of steps
across capacitor C, and the maximum and minimum frequency rates
may be determined by adjusting resistor R, in this circuit.

PORTABLE ULTRAVIOLET LIGHT SOURCE

This circuit shows a pair of 2N2912 power transistors operating
from a 2.5-volt source as a portable ultraviolet light source using
an F5000 gas tube. This circuit provides 400 ma at 26 volts. The
two transistors act as a dc-to-ac converter, and the full-wave bridge
rectifier connected to the secondary provides the necessary d-c for
the ultraviolet light source. Operation of the converter is at about 8 kc.

10 uf 16T #26 3
L
LA )
16T ; A
189

F5000 (®—

2N2912

11T MDA 920-2

ARNOLD CORE 6T 8043 DI
Courtesy Motorola Semiconductor Products

Portable ultraviolet light source.

104



ELECTRONIC FUSE CIRCUIT

This circuit shows an electronic fuse used to protect power transis-
tors. It is designed to be used from a 7- to 12-volt 5-ampere regulated
power supply, and when the load in this case reaches 5.5 amperes,
the transistor will open the circuit.

With the application of supply voltage V; to the circuit, transistor
Q, is saturated by the drop across resistor R;. Load current will
cause a voltage drop across resistor R, which is in the positive leg
of the circuit; when this voltage reaches about 0.8 volt, the diode D,
and transistor Q. will begin to conduct as shown.

Conduction in Q. causes the base of Q, to be driven more positive,
and when the collector of Q, is sufficiently negative so that D, can
conduct, transistor Q. will switch on completely and at the same time
transistor Q, will be turned off.

It is possible to reset the circuit by removing the short or excess
load and by opening the reset switch momentarily. It is also possible
to reset the circuit by removing the power for a moment.

15 V 12 V
O— 4 REGULATOR @—

RESET

Courtesy Motorola Semiconductor Products

Electronic fuse circuit.

SILICON RECTIFIERS AS TUBE REPLACEMENTS

There are cases where it is desirable or necessary to replace vacuum-
tube diode rectifiers with silicon rectifiers. The silicon rectifiers will
provide a longer life, they will withstand more physical damage than
vacuum tubes, and they take up less room so that a circuit can be
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miniaturized. It is possible to make a direct substitution for vacuum
tube or gas-tube rectifiers with silicon rectifiers by observing certain

precautions.

The voltage output of the circuit will increase because the voltage
drop of the silicon rectifier is less than that of the vacuum tube or a

+355 vDC +335 VDC +295 VDC
7h sron
- ne.n 6w
VAAAS
120 vAC 3 —=———1
+ + +
L £ £
-~ T -~
30pf 15yf 30)f
- - -
NOTE: PEAK STEADY STATE REVERSE VOLTAGE ACROSS ANODE TO
CATHODE OF 5U4GB IS 650VZ =920 VOLTS.
(A) Original circuit.
" »6 +350VDC +330 voc  § +290 voc
- 3 G-E INIE9?
3¢ )
3¢ 200 0 7h 870 0
20 vAC 3t #8 25W e .n. 6W
| 4 —\AAAS
3 E-; F——1
3 E 385vDC
THYRECTOR 4 _
6RS20SP4B4  © GoE 1697 + + +
#4 =
Isopv Il.’m 30pt
-
(B) Silicon-rectifier replacement circuit—resistance in load.
§ +3s0 voc +330voc  T+290voc
2000
15w
G-E INI697
(2) 7h sro 0
ne a 6w
TAAAS
G-E INIEOT
THYRECTOR (2)
8RS20SP4B 4 + + +
200 N o1 30pt 7 15pf R 30pt
15w
- -* *

(C) Silicon-rectifier replacement circuit—resistance in each leg.

Courtesy General Electric Co.
Silicon rectifiers as tube replacements.
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gas tube. A silicon rectifier will, in general, provide about 10 volts
more output than a gas or mercury rectifier, and as much as 50 volts
more than the voltage output of a vacuum-tube rectifier.

The increased voltage of a silicon rectifier over a gas or mercury
rectifier is normally not a problem in the circuit, but when substi-
tuting a silicon rectifier for a vacuum-tube rectifier, the increased
voltage output must be compensated for to prevent damage to the
circuit which is connected to the power supply.

Fig. A shows a typical vacuum tube, a SU4GB full-wave rectifier
in a power supply; Fig. B of the circuit shows a silicon rectifier re-
placement with the addition of a 200-ohm resistance to compensate
for the increased voltage output; Fig. C shows the additional resistance
used in series with the rectifier diodes themselves.

Essentially, the value of this extra load resistance is determined by
the characteristics of the tube itself. It is necessary in a particular
circuit to find the voltage drop across the tube at the required cur-
rent output. Using this voltage and this current the tube resistance
under these conditions may be calculated, and the load resistance is
approximately equal to this value of tube resistance. The power
handling capability of the resistor is important, and when the cur-
rent and the resistance are known, the required wattage rating can
be calculated. A safe value of wattage, preferably several watts
greater than the required value, should be used.

Another consideration is that there is no warm-up time with a
silicon rectifier, and if d-c voltage from the power supply is imme-
diately applied to the vacuum-tube plates in the associated amplifier
or other circuit, the vacuum tubes may be damaged. In many types
of vacuum-tube equipment, a rectifier tube with an indirectly heated
cathode, such as a 6X4 or 35Z6, is used so that the rectifier tube will
have approximately the same heating characteristics as the amplifier
tubes. If a silicon rectifier is used to replace a vacuum rectifier with
an indirectly heated cathode, a time-delay relay or time-delay switch
should be used in the circuit; under these circumstances a silicon
rectifier can be used in place of an indirectly heated cathode vacuum-
tube rectifier. In the circuits of Figs. B and C transient voltage sup-
pressors are suggested to prevent excessive voltage from appearing
across the silicon rectifier.

Table 3 shows some suggested silicon rectifier replacements for
directly heated vacuum-tube rectifiers. Table 4 shows some silicon
rectifier replacements for gas or mercury-vapor tube rectifiers. For
example, the tube to be replaced is selected from the first column
and its symbol or type is given in the second column. The tube ratings
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TUBE RATING STIICON RECTIFIER REPLAGEMENT (One Dieds Per Leg)
Max RS
Peak Max DC Current
ak D¢ Current Voltage of Thyrector
necnivien | Tvee | cathooe | svmmo | meverse | curren | Amps per | srweoL | Type Transformer | Severse | Tassient | Max Amps s ';um
S mps node ac. () econ
(end to end) Rating Rating Ambient
b +
ovasovac | cas cold 300 500 075
e .
024, 0246 Gas Cold @ 880 200 075 ‘\T,"
(024A) Gas Cold y 880 330 110 . GRS20sP
6RS20SC
nt6sa | 180 300 450 250 —686
INIE9S | 240 100 600 250 888
IN1696 | 282 500 700 250 —989
Nl d AR A AR e
: =
82 He Hot @ 1550 6 060 1N561 180 1000 § 12000 | 250 .t
83 Hg Hot Qa 1550 | 10 ms oot
L ERL
o
—_—
816 He Hot @ 5000 5 125 +
0 wte o
cammen b
6RS205P
N S RPVNTY 150 300 400 650 o
se6/866 | Hg Hot toooe 1o 25 * aja100 210 100 525 ‘g5 | BRS20sC
2500 20 50 4JA10E 262 500 650 s | —589
T e | aiatom atser | oo | 77 | esom | —787
—nsn
NOTES: t)The maximum RMS voltage of the been d

"’An|¥ of the silicon rectifiers listed will handle the current. Select on the basis of
voltage.

Dfor higher voltages
®Average current red

resistor

use rectifiers in series,
uced to .4 amps for 300 ufd capaciter load and 3.3 ohm surge

y has
the rating of the Thyrector diode (6RS20SP4B4), if used

the
transformer primai ransient voltages will be suppressed below 175% of the

rated

4 15 to 20 second

eak (V2 RM 2 transformer primary and secondary voltages.

120 volt AG

ime delay of the rectified power output is suggested where

one is not alread rresent to protect other vacuum tubes in the circuit from the
al affect of immediate DC voitage.

possible detrimen
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10D 214498|3 |RIPURY AsalNo)

TUBE RATING SILICON RECTIFIER REPLACEMENTS
Max. DC Max. RMS ~ Max. Max. DC
Max. ” K Thyrecter
TUBE Current Yoitage Reverse Translent Current
SymsoL RMS Reverse Current SYMBOL Type t For
RECTIFIER ormer Veitag
Veltage cltage Amps | MRRLEY T Wating Tty | aarest
574 450 550 675 113
5U46 450 550 R 113
U4GA 450 550 B 125 . .
S5U4GB 450 550 1. 138
V3 425 400 1. 175
SV3A 550 550 1.4 .208 A
5W4, GT 350 400 3 050
Y3 350 400 375 063
SY3GA, GT 350 400 44 063
5X4G 450 550 675 112 D s
5X4GA 450 550 B 128 6RS208P
Y4 350 400 375 063 or
SY4GA, GT 350 400 K 063 . 6RS20SC
1N1693 140 200 350 25 | —585
1N1694 180 300 450 250 586
IN1695 240 400 600 .250 —38B8
1N1696 282 500 700 250 —989
s 1N1697 325 600 250 —118B11
K IN560 385 800 960 250 —13813
523 450 1550 675 113 1N561 485 1000¢2 1200® 250 —16B16
80 350 1400 .400 .063
B
.
81 235 700 S5 .085 +

NOTES:
“'An); of the silicon rectifiers listed will handle the current. Select on the basis of
age.

vol
2'For higher voltages, use rectifiers in series.

™The maximum RMS voltage of the transformer secondary has been calculated
from the rating of the Thyrector diode (6RS20SP4BA4), if used on the 120 voit AC

transformer p:
rated peak (V.

TIMal

2 AMY

Transient voltages will be suppressed below 175% of the
transformer primary and secondary voitages.

*S101311994 SGN}-WINNIDA JUSWID|I posDey
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in terms of maximum voltage, peak-inverse voltage, peak current in
amperes, and maximum d-c current in amperes for each plate is shown
in the tables. The silicon rectifier replacements are direct replace-
ments for the tubes as shown. Where the peak inverse or reverse volt-
age of the circuit is greater than 1000 volts a single silicon rectifier
diode is not recommended for direct substitution. It is possible, how-
ever, to use two or more silicon rectifiers connected in series to obtain
any desired voltage. Note that in the original circuit in Fig. A the
peak-inverse voltage is 920 volts, and because of this, two silicon
diodes, type IN1697, are suggested to replace the rectifier tube.
Using this technique it is possible to build up a series of rectifier
diodes to almost any desired peak-inverse voltage characteristic of
the series.
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