
UPTEC 8446 R
MAY 1984

THE DESIGN OF A POWER SUPPLY

J. de SOUSA PIRES



Uppsala Universitet
TEKNISKA HÖGSKOLAN

TEKNIKUM
INSTITUTIONEN FOR TEKNOLOGI

Upptcki University

INSTITUTE Of TiCHNOLOGY

UPTEC 8446 R
Date of Issue

Project

Sponsoring organization

Author(s)

Jorge de Sousa Pires

Titel (swedish)

Konstruktion av ett spänningsaggregat

Titel (englisb)

The design of a power supply

Abstract

The general theory of voltage regulation is presented.

Several practical circuits are presented and described,

where use is made of the integrated circuit yA723.

An important point discussed is the use of the forward

voltage ,drop of a diode, for current limiting purposes.

Keywords / Indexing

Power supply, voltage regulation

Security

Language

English
Supplementary bibliographical Information Pages Classif ication

ISSN 0346-8887 ISBN

TfKNIKUM INSTITUTE Of TICHNOIOOY
•ox 594 •«> 334
751 21 Uppiolo S-751 21 Opp.plo, S»*d«n

Coluodrt»

Villorégtn 4

Uppiole

Taltfen

Oi l • 10 04 70



LIST OF CONTENTS

ABSTRACT 3

1. INTRODUCTION *

2. 6ENERAL 5

2.1 PASSIVE REGULATORS 5

2.2 ACTIVE REGULATORS 5

3. THE 0ESI6N EQUATIONS 5

3.1 A TYPICAL CASE 6

3.2 THE REFERENCE VOLTAGE 7

3.2.1 A programmed power supply 7

3.3 CURRENT LIMITING 7

3.3.1 The characteristics of a diode 8

3.4 A CONSTANT CURRENT GENERATOR 9

3.5 A0JUSTA8LE OUTPUT CURRENT 9

4. MORE ABOUT THE 723-INTEGRATEO CIRCUIT 10

• . 1 ZERO VOLTAGE OUTPUT 11

5. MISCELLANEOUS 11

6. PRACTICAL CIRCUITS 13

6.1 ARRANGEMENT No. 1: MODERATE CURRENT, FIXED VOLTAGE 13

6.2 ARRANGEMENT No. 2: HIGH CURRENT. ADJUSTABLE VOLTAGE 13

6.2.1 High current supplies 14

7. APPLICATION NOTES 14

7.1 IDENTIFYING THE LEADS OF A DIODE 14

7.2 MEASURING THE VOLTAGE OF AN UNKNOWN ZENER DIODE 14

7.3 MEASURING THE WORKING CURRENT OF A ZENER DIODE 15

7.4 TESTING INTEGRATED CIRCUITS 15

7.5 MEASURING SMALL RESISTANCE VALUES 15

7.6 OBTAINING PULSES FOR OIGITAL EXPERIMENTS 16

B. FINAL CONSIDERATIONS 16



8.1 SOHE MOTES ON HETERS 16

8.1.1 The voltmeter 16

8.1.1.1 The resistor network at the output 16

8.1.2 The amperemeter 17

APPENDIX 1 18

REFERENCES 19

FI6URE CAPTIONS 20



ABSTRACT

The general theory of voltage regulation is presented.

Several PRACTICAL circuits are presented and described, where use is

made of the integrated circuit uA723.

An important point discussed is the use of the forward voltage drop of

a diode, for current limiting purposes.

Finally, several applications of power supplies are discussed.



f. INTRODUCTION

The design of a power supply, although not too difficult, presents

quite interesting and fundamental issues that will be discussed here

in order to structure the thoughts and the experiences of

constructors.

With the practical hints given in the article it is possible to

construct from very small and simple circuits to more complex high

current supplies. Two printed circuits will be presented.

The most flexible circuit is presented in Fig. 12; it is capable of

handling moderate currents. For higher currents, only slight modifi-

cations are necessary.

The article is intended to provide the necessary understanding of the

principles of voltage regulation. It is an easy task to develop the

circuits presented to accommodate even more facilities, an extensive

description of which certainly would require a whole book rather than

an article of this type. It can be said that most of the systems will

use the same regulation principles, only small details will change,

such as the input filtering, the Darlington stage or the more sophis-

ticated cooling system.

It is the aim of the article to make it easier for anyone to have a

good PS-PCB (Power Supply Printed Circuit Board! at hand, which is

ready to be incorporated in all kinds of projects. Too many

constructional details are not given, as each constructor knows best

his needs.

Two or more PS-PCB's could be etched together on the SANE copper board

to make as many power sources.

The PS-PCB's can also be fixed back to back or stacked where space

lacks.



2. GENERAL

The regulation methods used in power supplies can be classified as

PASSIVE or ACTIVE, SHUNT or SERIES regulation.

2.1 PASSIVE REGULATORS

Passive supplies cannot "keep track on themselves". Should their

output voltage rise or fall, there is no way to adjust for the fault.

An example of such a supply is the simple Zener stabilizer (Fig. 1).

2.2 ACTIVE REGULATORS

Active regulators are much more efficient. Their operation can be

summarized as follows (see Fig. 2):

1) They must track the output continuously, often implemented in the

form of a simple RESISTOR NETWORK across the output, see Figs.

3.12).

2) There must exist a MEMORY: they have to remember to which voltage

they were set at the very beginning. That is the purpose of the

reference voltage (see Figs. 4,12).

3) There must exist a COMPARATOR in the circuit, to compare the actual

output voltage to the reference voltage;

4) They must CORRECT the output, should there be any discrepancy at

the inputs of the comparator.

In general terms, an active regulator works as a closed loop servo

system.

3. THE DESIGN EQUATIONS

For the following discussion, refer to Fig. 12, which presents the

most sophisticated circuit (the final circuit).

There are some straightforward equations for an adjustable output

voltage.



The equations relating the output voltage to the reference voltage

are:

VM * V (R ***P) / R, (eqn 1)
H r i z z

Vm S V r < R
1 * R 2 * P ) ' ( R

2 * P ) l e q n 2 )

where: V is the maximum output voltage

v js the minimum output voltage
m
V is the reference voltage (always less than V )
r m

R , R_ and P are the components of the resistor network

across the output

Solving the equations for R r R and P. which are the components to

determine:

Ri s p <• V V V ' V V V J

» , ' f V / (V -V ) (eqn O
i. m nm

3.1 A TYPICAL CASE

A numerical example will help clarify the use of the design equations.

Assume a realistic wish of a voltage range between 3 and 30 V, at the

output. The reference voltage has always to be less than the minimum

voltage required at the output, so it will be (almost) arbitrarily

chosen to 2 V.

Summarizing:

VM » 30 V

V z 3 V
m

Vr » 2 V

Solving equations 3,* gives:

ft, * 0.56 P

«2 « 0.11 P



Some milliamperes can be tolerated through the resistor network. As a

rule of thumb, the sum of the two resistors and the potentiometer may

be around 5-10 kQ (it depends on the upper voltage, V . allow
M *

1-10 mA).

When in doubt, choose 4.7 kQ for the potentiometer P (a standard

value); this gives here:

»1 = 2.6 kO
R
2 = 517 Q

The resultant network is drawn in Fig. 3. Its total value is 7.B kQ,

passing a corresponding current of 0.4 mA to 4 mA (3 to 30 V at the

output).

3.2 THE REFERENCE VOLTAGE

There is a constant voltage source (7 V) within the IC (pin 6). By

means of a potential divider, a fraction of this voltage can be routed

to pin 5 and it is this potential that acts as a reference voltage -

if an external reference source is not used. A small potentiometer

could also be inserted between pins 5 and 6 to provide an adjustable

reference voltage (see Fig. 4 for this connection).

Notice that, according to the manufacturer, the output voltage cannot

be lower than 2 V, but some experiment with a negative voltage can be

made to lower the voltage at pin 5 which in turn will lower the output

voltage.

3.2.1 A programmed power supply

This integrated circuit can be used for other purposes than the pure

regulation of a voltage. An interesting case would be to obtain the

reference voltage by means of a Oigital to Analog converter, which

would allow the reference voltage - and hence the output voltage - to

be programmed digitally.

3.3 CURRENT LIMITING

Current limiting is a facility that has become standard in power

supplies.

Using this IC, and to begin with, only one resistor is necessary.



(see Fig. 5). The necessary theory for the understanding of the

function will be developed below.

3.3.1 The characteristics of a diode

It is common (and quite popular) to imagine a diode as a mathematical

abstraction which blocks every current the "wrong" way (backwards) and

leads current the right way (forwards). This is a good approximation

for relatively large voltages but it is not the whole truth.

As a matter of fact, ANY diode will pass current in both directions,

and some diodes are used only in the reverse direction (diodes used as

detectors or Zener diodes).

Also, in the forward direction, a diode needs to be biased by some

0.2-0.3 V (germanium) or 0.5-0.7 V (silicon) to start conducting at

all, a fact that is a source of trouble in many applications, but is

extensively taken advantage of by modern digital techniques.

A transistor can be seen as two diodes put together: the base-emitter

and the base-collector junctions, the former being forward biased and

the latter reverse biased, in normal operation. That is why the

voltage 0.5-0.7 V appears across the base-emitter junction of a

(silicon) transistor in its on-state (Fig. 6).

Current limiting is obtained as follows: as soon as a short at the

output takes place, 0.6 V will have to be generated, put across one

transistor which quickly turns on, thereby switching the power

transistor off.

This arrangement is sometimes called ar ELECTRONIC FUSE, and has a

very fast reaction time.

To generate a voltage drop V when a current I is present is an easy

task: the current passes through a resistor R an<j ohm's law gives
v= R I; in other words, R . is connected in series with the output

and a transistor is connected in parallel with R (Figs. 7,8). The

maximum current to be allowed (I ) will
max

as the voltage drop is known to be 0.6 V.

maximum current to be allowed (I ) w i n determine the value of R ,
max c i



Here again a numerical example will clarify the procedure.

Assume it is wished to have I = i A. The resistor can be calculated
max

immediately:

R , = 0.6 V / I = 0.6 / 1 = 0.6 Q

P = V I s 0.6 x 1 = 0.6 W
Ifl3 X

A standard resistor would be 0.68 Q, 4 W. A safety marginal would

recommend 0.82 Q, 4 W, which gives slightly less than one ampere.

3.4 A CONSTANT CURRENT GENERATOR

In this manner, the supply will not deliver more than I , either

with a shorted output or with a normal load. As a matter of fact, the

output voltage will "follow Ohm's law", as soon as more current will

be asked for. In that region, the power supply works more or less like

a Constant Current Generator.

3.5 ADJUSTABLE OUTPUT CURRENT

There are many ways to obtain an adjustable output current, a very

useful facility (see applications at the end of the article):

1) Resistor R£i could be i potentiometer, but this leads to a large

dissipation of heat and to a bulky potentiometer. Such an

alternative is used in very lower power applications only.

2) The voltage developed across R could be applied to a potential

divider.

The regulation of Tc1, and hence that of the output current, is

much better and provides a variable setting of I (Fig. 6).
max w

Still, this approach usually leads to a lower limit of some 100-200

mA which can be too high a value in some applications.

3) The third alternative is to introduce a diode (which corresponds to

a voltage drop of 0.6 V) in the circuit, making use of the

proceeding discussion on those 0.5-0.7 V. This allows for a much

smaller value for R and provides a very fine adjustment of the

output current. Some experimentation is recommended to obtain the

best results as it all depends on the optimum biasing (base-

emitter) voltage which can never be predicted with sufficient accu-
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racy. With this IC. a variation of I from some 3 mA - and even

lower - up to the maximum current available from the transformer is

possible (Fig. 9).

Transistor T has been drawn here to make the understanding

easier. Actually, this transistor is provided inside the IC with

the base at pin 2 and the emitter at pin 3; it is a NPN silicon

transistor.

The equation for the determination of R is:
el

R
c1= 0.1 V / I,OaH (capable of passing the load current)

The diode D will be a silicon diode capable of passing the load

current and the potentiometer and resistor may be given typical

values of Pc«220 g and R*50-100 Q.

A valuable investment for a quick setting of the maximum output

current is a push button that shorts the output whenever depressed.

To set the maximum permissible output current, turn the CURRENT

potentiometer fully anticlockwise, depress the button, monitor the

current meter and turn the potentiometer clockwise until the wished

current has been set.

4. MORE ABOUT THE 723-INTEGRATED CIRCUIT

This integrated circuit is a voltage regulator which can be used

for positive or negative supply operation, in series, shunt,

switching or floating operation. The output is readily adjustable

from 2 to 37 V and the output current can be as high as 150 mA.

T :*.$ output will feed directly one power transistor (Fig. 10), but

for larger currents, a circuit with a higher current gain must be

called for, usually a Darlington stage, see Fig. 11.

The IC requires a minimum of 9.5 V at the input to provide any

regulation at all; this is verv important and should be remembered

in the presence of high ripple because the INPUT voltage might

drop below the admissible threshold.

The maximum voltage allowed into the IC is 40 v. As the circuit

introduces a voltage drop of 3 V (margin for regulation), the

maximum output voltage swing will be from 2 to 37 V.
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High voltage, high current supplies can be built with this inte-

grated circuit. The "low" figures for voltage and current given

here apply ONLY to the integrated circuit itself. For further

details, consult the manufacturer's data sheet.

Tha principles given here apply generally, and the practical

circuits described will withstand large currents without problems.

The heart of the system, the IC-regulator itself, does not need to

withstand any large current, its function is only to CONTROL the

flow of current under a sustained voltage.

4.1 ZERO VOLTAGE OUTPUT

Host simple power supplies cannot provide an output lower than

2-3 V. This is not very important as such low voltages are seldom

needed. There are however some applications where 3 V really is

too much.

One of the approaches to obtain zero voltage output is to introduce

a NEGATIVE REFERENCE voltage in the circuit. This can be done with

this IC as well, but it is often too complicated.

A much simpler approach - which can be introduced in any existing

supply - is to connect 3-4 silicon diodes in series with the

output, at a separate output terminal (Fig. 12), making use of the

preceding discussion on the forward voltage drop of a diode.

5. MISCELLANEOUS

As stated before, it is the purpose of this article to deal with

the heart of a power supply: the regulator circuit. However, it

might be useful to describe shortly the design equations connected

with the determination of the input filter.

It is desirable to reduce the ripple after the rectifier. Usually a

large reservoir capacitor is used which, as its name implies,

stores the large charge (during the positive half period) and dis-

charges THROUGH THE LOAD (during the negative half period). The

load current is alternatively taken directly from the transformer

AND from the capacitor.

This is feasible only if the capacitor can store a relatively large

amount of charge, which calls for a large capacitor.
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The approximative design equations are quite simple:

c (vH-vL) . i t

where (V -v ) is the maximum ripple permissible, I is approxima-

H L

tively the load current, t the time of discharge (approximatively

one half period, that is 10 ms for 50 Hz)

Solving the equation for C, gives:

c = i t / <V H-V LI

A numerical example would give (1=1 A, t*10 ms, ripple * 1 V):

C = 10 000 uF

For larger currents, but maintaining the same level of ripple, a

correspondingly larger capacitance will be called upon; it will

often have to be in the form of several capacitors connected in

parallel.

The input (low pass) RC-filter is made of the series resistance of

tht transformer windings, of the diodes and of the connecting

wires.

A large surge current will flow into the discharged capacitor at

turn on, a fact that must be taken into account when designing the

components of the input circuit (rectifier, connecting wires,

fuses, etc). Toroidal transformers, for example, are very low ohmic

which results in a very large current at turn on. A small resis-

tance is sometimes introduced before the capacitor in order to

reduce this transient current.

The voltage at the input of the regulator need not be totally free

from ripple, it is the task of the regulator to regulate this

voltage, which comprehends the fact of smoothing; for this, and

generally speaking, it can be said that the regulator performs the

function of a lowpass filter: it fades the "high* frequency compo-

nents of the input waveform (50 or 100 Hz) and outputs the voltage

at 0 Hz, a 0C-waveform.
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6. PRACTICAL CIRCUITS

6.1 ARRANGEMENT No. 1: MODERATE CURRENT, FIXED VOLTAGE

This circuit will supply up to 500 mA. The power transistor could be a

8D13S or 2N1613. or any other type that can handle the current (refer

to Fig. 8).

Calculate R and R (P=0) according to:

R2 " Vref / !

R1 * 'out'1 " *2

Use 1*1-10 mA; calculate R ^ as indicated before.

It is always best to COOL the power transistor and to INSULATE it from

the heatsink or the case.

6.2 ARRANGEMENT No. 2: HIGH CURRENT, ADJUSTABLE VOLTAGE

This arrangement will yield more current, as well as an adjustable

output voltage (Figs. 9,10).

Determine the components according to the equations given before.

The final circuit is shown in Fig. 10, a very flexible circuit, in

what regards both the output voltage and the current, as well as the

reference voltage. For different projects, different degrees of

sophistication will apply.

The voltage is adjusted by means of a potentiometer which can be

mounted as follows:

1) A trim potentiometer is mounted on the PC8 inside the case and the

output voltage is preset to a fixed value.

2) The trim is mounted on the PCB but a hole is drilled through the

front panel in order that it may be set with a long and thin screw-

driver, from the outside of the case.

3) A panel potentiometer is mounted on the ease.

The first two alternatives call for a voltmeter every time the output

voltage has to be changed. The third alternative clearly provides a

more advanced and flexible instrument for laboratory work.
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6.2.1 High current supplies

A Darlington circuit has a high current gain and can be used whenever

larger currents are required (Figs. 8,9). The driver stage fcrds the

pass transistor with enough base current to control the large load

current.

When very large currents are required, several pass transistors nay be

connected in parallel; in such a case, small values of resistance will

have to be inserted IN SERIES with each transistor (Fig. 11) for the

purpose of accounting for the spread in transistor data (to prevent

the phenomenon of "current hogging', that is, the most low ohmic

transistor "absorbing" all the current).

7. APPLICATION NOTES

7.1 IDENTIFYING THE LEADS OF A DIODE

Short the output and set the maximum current (I ) to 10 mA.
max

Connect the diode across the output.

Three alternatives can be thought of:

1) The meter shows I which means the diode is connected in the
max

forward direction (with the cathode connected to the most negative

terminal).

2) The meter does not move: the leads are reversed.

3) If the meter moves independently of how the diode is connected or

if it does not move at all, the diode is shorted or open circuited.

7.2 MEASURING THE VOLTAGE OF AN UNKNOWN ZENER OIODE

This is a very convenient method of classifying Zener diodes.

Connect as in Fig. 13. Set I to 10-20 mA. and slowly increase the
nil n

output voltage. After the Zener voltage has been reached, the output

will not rise: this is the searched value.

For a higher degree of safety, connect a small resistor (50-100 Q) in

series with the diode. In this case, have an extra voltmeter connecttd

across the Zener diode.
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7.3 MEASURING THE WORKING CURRENT OF A ZENER OIODE

There are a few alternatives to accomplish such a task.

One way is to connect as in Fig. H. The voltage from the supply is

nude equal to 'chat present in the actual circuit the Zener is to be

placed later. Turn the CURRENT potentiometer until you find a linear

region in the Zener characteristic - this corresponds to a point where

variation of the current does not affect very much the Zener voltage.

You may read the current from the amperemeter and measure the resis-

tance of the potentiometer with an ohmmeter.

Be careful* loo much current will destroy the Zener diode!

After having done these two checks (7.2 and 7.3). you know the Zener

voltage, the working current of the Zener and the resistor to be

connected in series with the diode.

7.4 TESTING INTEGRATED CIRCUITS

When checking integrated circuits, it is good practice to monitor the

supply current as it could be excessive. A value for I Of some
max

100 mA will do to start with. The output voltage will fall when the
output current approaches I , a fact that should be taken into

max

account because the IC under test will not respond correctly, should

the supply voltage decrease below its nominal value. In some circuits,

it may be required to increase the value of I
max

7.5 MEASURING SMALL RESISTANCE VALUES

The measurement of small resistance values is not trivial. A quick

check can be made with the supply - in current generator mode - as

shown in Fig. 15, making use of Ohm's law.

The voltmeter indicates the voltage V across R and the amperemeter

indicates I through R. Ohm's law then gives:

The accuracy of this measurement depends on many factors. If the volt-

meter can read down to some volt or some tenths of volt and the ampe-

remeter really indicates the current through the resistor, the accu-

racy is quite good. Of course, considerations on meter impedances have

to be made if greater accuracy is wished.
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7.6 OBTAINING PULSES FOR DIGITAL EXPERIMENTS

If a small AC voltage is available from the power transformer, it can

be rectified (half or full wave) and used as a source of pulses. These

should not be higher than 5 V (for TTL circuits) which means that some

3 V at the AC output will be a maximum. For a nicer output waveform,

the transformer should be loaded with one resistor of 500 S, in order

that some 5-10 mA flow across the secondary winding.

A Schmitt trigger (SN7413) can be inserted in series with this output

to square the pulses (Fig. 16). The whole arrangement can be placed

inside the same case as the rest of the supply.

The frequency will be 50 or 100 Hz, depending on the kind of rectifi-

cation chosen. Two digital counters (divide-by-10 or divide-by-5)

could also be inserted to obtain several frequencies (100, 50, 10,

1 Hz).

0. FINAL CONSIDER,.fIONS

The final circuit and the two printed circuit boards are shown in

figures 12, 17 and 18.

8.1 SOME NOTES ON METERS

8.1.1 The voltmeter

A voltmeter was not used in the prototype, because there was not

enough space for more than one instrument (an amperemeter was pre-

ferred). Most of the time, a voltmeter can be "replaced" by markings

with "Letterpress" around the voltage potentiometer. Very accurate

setting of voltage is seldom required and it is often more important

to know how much current a certain circuit asks for (a short circuit

can be detected immediately). If space is not a problem, a voltmeter

is however recommended.

8.1.1.1 The resistor network at the output

This network senses the output voltage and sends a fraction of this to

the amplifier (inside the IC) for comparative purposes.

It should be practice to sense the output where the regulation really
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is needed, OUTSIDE the supply. AT THE LOAD. Some commercial power

supplies provide two separate 'sensing terminals" for this purpose.

This kind of extreme regulation is seldom needed and a good approach

will be to sense at tha output terminals of the case.

The voltmeter, if used, should be connected to these terminals.

8.1.2 The amperemeter

An amperemeter always introduces a voltage drop and should be inserted

IN SERIES with the output, BEFORE the resistor network. However, it

will then indicate the output current AND the small current through

the network; the current passing this way is however small and can be

"hidden" by mechanically adjusting the meter screw.



max

min

The design of a Zener diode stabilizer

The heart of voltage le^ulatiuic ii a C u 11 j t ä i i i.

»-ILayt source, *hich can be designed m several

way a. One Of the methods, is tu make use of a Zeiier

uiudé, a i^cv-idi Lype uf Uxude, manufactured m

.,-Ch a Way ti.ct tlic R L V C K J C BREAKDOWN VOLTAGE is

cunstant and

the figure. The cThe circuit i- ihown
t u b e cl'Uitii d i e :

1) The ZENER DIODE ltseit" wi.ici. ha= tu L =

ipiClfled as to its ZENER VOLTAGE (V,J

the MAXIMUM ALLOWABLE FCWEF. ( F_ ) _h,
C

. . . . , . . »ta*.
U i . i i * p d it W. 1111 LUiil.cu .tu if. c : i e C H ' C L J I '

,t n.iy

I, series
max

CURRENT L I ; 'i I T I N C r c i i b t o r c o n n t c t e d i n

LII t i i c l u a i i w ' l i c i i h d i t o b e s p e c i f i e d

i t u i t i R E : i S T A N C E ( R ) a rnJ t u t h e MAXIMUM

ALLOWABLE POWER [F ) that it may
K

w h t i i C u h i i d C t e d i n t l i e C i l C u l t .

max

_, I i 11 C j I I u l \ i v , i Pi >w o i i c y f i i', t i i i w 111* k- L . , t

deliver whttitwei' shorted. This is

•— i - * - ' » > . . ; * . - • * - •' , _ u > 1 L I I O i t i .
1

- i_ • i w J . w . s

p .

k the like.
(MX

^ d o tu

The D E S I G N is iliuwn in the form ui a PLOW D I A G R A M .

This could w e l l be programmed intu an l u n d L e l d

c a l c u l a t o r or a m i n i c o m p u t e r . A l i i t m y of such a

proyrarn is yive n here tu facilitate bUCh a td_.k;

the liitintj a p p l i e s fur Ttxus lri s tr urrient s

ca l c u l a t o r T I Z j .

APPENDIX 1



W£ FLON DIAGRAM

The valuei fur P,

taken frum any data uuok ui

laiye memory is a jiiliMe, a set of values could

well Le fed into the computer in the form of a

J P t d h 1 tr .

. I , ( D ) a n d I , ( C ) a r c
fii^H ii.iA

i - t i i t r d i u i i e i . I f ä

1 .5

R =
min Z

iL • [iz ion
max min

2,6

I
V - V,
max Z

ma K

3,7

P = V I
Z Z Z
max max

No

Yes

V . , V
min max

V \
max

4b

P.

I.

(0)

max

m m

max

4a
Choose a new

diode

ZENER REGULATION



EXAMPLE

Calculate the values of R and V needed in the circuit below

if it is known that the load (R ), when connected to a 5 V

supply, will demand I =100 mA.

max

E = 12 V
min
E = U V

max
I - 100 mA
max

A standard Zener diode of 5.1 V will be chosen.

The procedure follows the flow diagram given before.

1 . T h e r e s i s t o r is c a l c u l a t e d ( f i r s t a p p r o a c h ) :

.0 „
The maximum current expected through the Zener diode:

max

U - 5.1
69.0

= 129.0 mA

The expected maximum power dissipated by the Zener diode is:

P_ - 5.1 x 0.129 = 0.658 W

max

;. A specific Zener diode is then chosen which may be able to

meet these specifications (step 4a). A data book will give

values for the diode (step 4b):

Pz (0) = 1.3 W
max

Iz (D) = 25 mA
min

5. A new value for the resistor is calculated, now taking in

consideration the current through the Zener diode:

1 2 - 5 . 1
R = = 55.2 Q (standard value E12: 56 Q

0. 125



6. The corresponding maximum Zener current, with the new series

resistor:

14 - 5.1

158.9 mA
"max 56

7. The corresponding maximum power dissipated by the Zener

diode i--.

P? = 5. 1 x 158.9 = 810.4 mW
max

As this value still is less than 1.3 W, the Zener diode

chosen before will do.

8. Should the circuit be short-circuited, the maximum short

circuit current will be:

sc

14

= — = 250 mA
max 56

9. The series resistor has to withstand such a current, under

maximum input voltage;

P - 14 x 250 = 3.5 W (standard value 4.2 W)
max

10. The resultant circuit components are then: a resistor of

56 Q, 4.2 W and a Zener diode of 5.1 V, 1 3 W.
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FIGURE CAPTIONS

Fig. 1 A simple Zener stabilizer.

Fig. 2 Active regulation (series regulation).

Fig. 3 The resistor network at the output.

Fig. 4 Generating the reference voltage.

Fig. 5 Current limiting.

Fig. 6 Forward voltage drop of a diode.

Fig. 7 Current limiting; fixed output current. The voltage across the base-

emitter junction is designated by V

Fig. 8 The voltage developed across R is applied to a potential divider.

This provides very good control of the ouput current.

Fig. 9 With diode D in the circuit, R . needs to be not more than some

tenths of ohm. The diode is a silicon device which must be able to

conduct the load current.

Fig. 10 Circuit for arrangements No. 1 and No. 2. For arrangement No. 1,

potentiometer P may be suppressed; for arrangement No. 2, the

Darlington circuit of Fig. 2 must be introduced.

Fig. 11 A Darlington circuit has a high current gain and can be used whenever

larger currents are required. The power transistor could be one 2N3055

and the driver one 2N3054 or 2N1613. The PCB accounts for the possi-

bility of an external transistor.

Fig. 12 The final circuit. The output terminals are B and C. Terminal A is

constantly below terminal B, and can be used to obtain voltages less

than 2 V. Terminal D can be earthed but should NOT be internally

connected to C. It is often good to earthen the Power Supply, but not

always: experience will tell when.

Fig. 13 Measuring the voltage of an unknown Zener diode. If the output voltage

does not rise beyond 0.7 V, the diode is forward biased and should be

reversed (the Zener voltage is obtained in the reverse direction!).



Fig. U Measuring the working current of a Zener diode.

Fig. 15 Measuring small resistance values.

Fig. 16 Obtaining pulses for digital circuits.

Fig. 17 The printed circuit board (for simpler arrangements, but with provi-

sions for an adjustable voltage).

Fig. 18 The printed circuit board (designed for maximum flexibility and

sophistication). Will accommodate different sizes of rectifiers.

Several holes on the printed circuit are added just for convenience

and need not be used).
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