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PREFACE

The power supply is an essential part of every electronic equipment In
its simplest form it may consist of no more than a transformer, rectifier,
and smoothing circuit, but frequently much more sophisticated arrangements
are required, especially in the industrial field of computers, digital
instruments, d.c. amplifiers, etc.

Since the introduction of transistors and other semiconductor devices in
in the late 1940s, the interest in all types of power supplies, including d.c.
inverters and converters, has grown considerably. The advantages of
ruggedness and higher overall efficiency in using semiconductor devices
when compared with the earlier valve counterparts are well known, and
are particularly beneficial as greater emphasis is now placed on reliability,
size and weight reduction, and portability.

Numerous papers have been published, often dealing with one particular
aspect of the subject. Many of the references are not readily available
and tracking down information often proves a time-consuming undertaking.
While working in the field during the past twelve years, | have frequently
been faced with the unenviable task of wading through vast amounts of
material in order to eXtract the required reference.

These two volumes, therefore, are an attempt to present up-to-date available
material and to give the necessary references. The basic theory is supported
by circuit analysis and, in many cases, is followed by a detailed design
procedure. Many practical examples are given to provide the reader with
reliable and ready-to-use circuits.

They aim to supply the need for a comprehensive study of the subject for
the use of all grades of electronic engineers, technicians, and students at
universities and technical colleges. *®
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Patent Frotection

Some of the circuits, semiconductor devices, and arrangements described
here are subject to Patent protection. Anybody wishing to make use of
the above should obtain the permission of the Patentee.

JR Nowicki
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SYMBOLS

anode terminal

cross-sectional area of core

average

base terminal

flux density

maximum operating flux density
saturation flux density

breakover

breakdown

collector terminal

capacitance

transistor base—collector capacitance
transistor base~emitter capacitance
output capacitance

capacitance of collector depletion layer
capacitance of emitter depletion layer
constant current

constant voltage

delay or duty cycle

diode

emitter terminal

instantaneous voltage

applied voltage

d.c. output voltage

maximum applied voltage

energy stored

transferred energy

forward voltage-drop across thyristor
voltage drop due to copper loss
transformer output voltage
maximum sine-wave output voltage of the transformer
r.m.s. value of the transformer output voltage
frequency

low frequency

maximum frequency of oscillations
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optimum frequency

ripple frequency

transition frequency (common product of emitter gain and
bandwidth)

frequency of unity current-transfer ratio modulus

gate terminal

mutual conductance of transistor

mutual conductance of stage

static value of forward current-transfer ratio with
output held constant

henry

magnetising field strength

value of magnetising field strength at saturation
intrinsic strength of magnetising field

hertz

instantaneous current

average value of a.c. current

peak value of a.c. current

instantaneous reverse current

r.m.s. value of a.c. current

instantaneous value of capacitor current

instantaneous forward current

total average current

minimum base current

peak base current

r.m.s. value of collector current or total capacitor current
r.m.s. value of capacitor current

d.c. value of total current

input current or inverse current

maximum inverse current

magnetising current

r.m.s. value of transformer primary magnetising current
output currcnt

initial switch-on current

sum of magnetising current and core loss components of
transformer with either primary or secondary open-circuited
peak current

r.m.s. value of current

base current

base current of saturated transistor

reverse base current during switch-off transition

total collector current A

collector cut-off current (emitter open-circuited)




SYMBOLS Xvii

| N collector cut-off current (base open-circuited)

Iy diode current

I emitter current

I, feedback current

Iz or Iy, forward current or average forward current

Ieg thyristor forward gate current

leam thyristor peak forward gate current

Iy thyristor gate current

Iy thyristor holding current (d.c.)

In average supply current

I load current

I thyristor latching current

I value of inductive current

Iy magnetising current

Ig continuous d.c. reverse leakage current

I current flowing through the resistor R
or collector load current

It thyristor continuous (d.c.) on-state current

Liav) average value of anode current

Iy tunnel diode valley point current

I; current through voltage regulator diode after breakdown

1, specified current through voltage regulator diode after
breakdown

K constant

! length of magnetic path

I length of flux path in core

Iy length of air gap

L inductance

L., value of critical inductance

L, inductance of primary

L, inductance of winding N,

n number 1,2,3,...,n

N, number of turns in base winding

N, number of turns in feedback winding

N, number of turns in heater winding

N, number of turns in ignition winding

N, number of turns in primary winding

N, number of turns in secondary winding

N, number of turns in control winding

p percentage change

P steady-state dissipation

P, collector dissipation

P maximum collector dissipation
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SYMBOLS

collector transient dissipation

power delivered by feedback winding

input power

average input power

transformer copper loss

output power

pulse power '

maximum permissible pulse power

steady-state dissipation

maximum permissible steady-state dissipation
maximum total dissipation

forward power loss or total power absorbed by drive circuit
average forward power loss

power dissipated in resistor R or power drawn from the
supply by bias chain

charge or charge remaining in the device after time ¢
extracted charge

charge extracted during forward recovery time
initial charge

maximum charge

minimum charge

charge extracted during reverse recovery time
total charge extracted

transistor base resistance of equivalent T circuit
internal base resistance of transistor

internal emitter resistance of transistor

winding resistance of transformer primary
winding resistance of transformer secondary
total winding resistance of transformer

base resistance of unijunction transistor
interbase resistance of unijunction transistor
dynamic resistance of voltage regulator diode
dynamic resistance at specified current
resistance

external base resistance

sum of internal and external base resistances
external circuit resistance

transistor input resistance obtained by drawing tangent to
input characteristics or output resistance
thermal resistance :
thermal resistance case-to-ambient

effective thermal resistance

thermal resistance of heat sink
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Rth(i)
th(j—a)ori
Ribij -umb)
Ri-oor ;
th(j —case)
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Xix
contact thermal resistadce

thermal resistance junction-to-ambient

thermal resistance junction-to-case

thermal resistance junction-to-mounting base
steady-state thermal resistance

~ thermal resistance for permissible temperature rise

transient thermal resistance

equivalent transistor input resistance
total input resistance of compound transistor
collector-emitter resistance of transistor
saturation resistance of transistor
thyristor gate resistance

load resistance

variable resistance

stabilisation factor

stabilisation factor of pre-stabilising stage
fractional change coefficient

total temperature coefficient
temperature coefficient of transistor
temperature coefficient of voltage regulator diode
thyristor '

switch

time

delay time

commutation period

conduction period

fall time

forward recovery time

turn-off time or duration of off time
turn-on time or duration of on time
puise duration or time of half-cycle

rise time

reverse recovery time

storage time

transformer

temperature or periodic time

ambient temperature

maximum ambient temperature

case temperature

equivalent time

junction temperature
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XX SYMBOLS

T ) maximum junction temperature

T mounting base temperature

T, temperature of n degrees Keivin

T, reference temperature

1. source temperature

T . permissible temperature rise

T transistor

U, utility factor of transformer primary

U, utility factor of transformer secondary

v instantaneous value of voltage

Upk peak value of instantaneous voltage

Vg instantaneous value of forward voltage
vy instantaneous value of reverse voltage

| 249 voitage applied to base of transistor

Voe minimum value of base-emitter voltage
V. supply voltage

v forward voltage drop across rectifier diode
Vi feedback voltage

Vi, forward recovery voltage

Vior V, input voltage

V., ignition voltage

|4 heater voltage

Voor V., output voltage

V. open-circuit voltage

v, peak point voltage or primary voltage
V. secondary voltage

V.. short-circuit test voltage

v, voltage across ballast reactance

Vi unijunction interbase voltage or d.c. base-

supply voltage
Ve base-emitter voltage
maximum base-emitter voltage
breakover voltage
bR breakdown voltage

Visricno breakdown voltage collector-to-base (emitter
open-circuited)

Viskro breakdown voltage collector-to-base (emitter and base
short-circuited)

| reverse breakdown voltage

Ve collector voltage

Vee collector -to-emitter voltage (d.c.)

Ve peak value of collector-to-emitter voltage

VeEsay collector-to-emitter saturation voltage




SYMBOLS Xx1

Veem maximum rated peak collector voltage
Vo forward voltage drop of p-n junction or
forward voltage drop of rectifier diode
Ve emitter voltage
Ve emitter-base voltage (d.c.)
Ve d.c. forward voltage
V. voltage across lamp
Ve d.c. reverse voltage or ripple voltage
Ver applied repetitive peak reverse voltage
Vi repetitive peak reverse voltage
Vi voltage drop across resistance of primary winding
Vis voltage drop across external base resistor
Vs voltage drop across resistance of secondary winding
Vasm maximum non-repetitive reverse voltage rating
Vaw crest working voltage rating of rectifier diode
Vewm crest (peak) working reverse voltage
Vi thyristor voltage between anode and cathode
Vs voltage across voltage regulator diode after breakdown or
voltage regulator (Zener) diode operating voltage
v, specified reference voltage at specified current I,
Vy intercept voltage of tangent to forward characteristic
VA, secondary volt-ampere rating
watt
transformer copper loss and core loss open-circuit test
transformer copper loss and core loss short-circuit tesi
reverse switching transient power loss
reactance of ballast choke
turns for 1 mH (Ferroxcube cores)
hgg, transistor current gain
differential
efficiency
efficiency as function of frequency f
angle in degrees
permeability of core material
time constant or rise time
carrier-storage time coefficiént of switching transistor
magnetic flux or angle in degrees
peak value of magretic flux
magnetic flux at satuiration
angular frequency, 2nf
product of gain and bandwidth
ohm
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