
Chapter II
Power Supply Design



2.1 D.C. POWER SUPPLY
2.1 (a) Neccessity of dc power supply

Electricity is almost universally generated and 
transmitted in ac from due to fact that ac currents and 
voltages permits use of transformers which makes generation 
and transmission of power economical. Different electronic 
circuits require stable source of dc power for their opera­
tion. Hence it is necessary to convert a power in suitable 
form to energies the circuits. This neccessity led to the 
design of power supply.

Power supply is an important part of the instru­
mentation system and is required to provide dc power to all 
electronic circuits used there in. This field has greatly 
advanced in last few years. The availability of integrated 
circuits and other modern hardware have indeed revolutio­
nised power supply design, making it possible to obtain high 
quality power supplies which are at the same time economi­
cally priced.

2.1 (b) Types and Applications of power supply
According to the energy source power supplies 

canbe devided in two catagories.
* Ac mains operated power supply
* DC to dc power supply
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According to voltage ranges power supplies canbe 
classified as follows

* Low voltage power supply
* Medium voltage power supply
* High voltage power supply

Type Applications

Low voltage supplies Laboratory and bench use (13V,
(up to 30 volts) 9V, 6V etc) for testing of
(fixed or variable) electronic equipments, automo­

bile electrical systems to
power devices such as transis­
tor radio, digital clocks etc.
as battery charger, computer
power supplies, (depending on
service).

Medium voltage supplies used where still tubes are
(40V to 600V) used, tranceivers (dual +

325V to - 180V), tube type
receivers, audio amplifers low
power transmitters, oscillo­
scope etc.
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Type Applicat ions

High voltage supplies For most of electronic applic­
ations other than in commer­
cial field but for special­
ized applications such as high 
output RF circuits (5000V, 
500mA) and others.

2.1 (c) Regulated versus Unregulated power supplies
Regulated power supplies maintain dc voltage 

applied to load at a near constant value automatically 
inspite of variations in line voltage, load variation, tem­
perature variation etc. This feature of the regulated power 
supply is due to its low dynamic impedence. It is found that 
use of regulated supplies improves performance of circuits, 
enhances the accuracy of calibrated equipment.

The ac impedence of unregulated supply tends to 
cause distortion, degrade frequency response and limit 
available power. Such as impedence is non linear throughout 
audio cycle increasing distortion. To make the power supply 
impedence linear, more practical approach is to make it very 
small i.e. done by regulation.
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With regulated supplies, at higher freguencies, 
achievement of low o/p impedence via the o/p capacitor is a 
realitively easy task.

The function of regulating circuit is to maintain 
constant dc o/p voltage, this precludes the presence of ac 
superimposed upon dc output level. This suggests an other 
view point of voltage regulated supply s It behaves as 
electronic filter. For this reason, it is often permissible 
to dispense entirely with use of the heavy and costly filter 
choke in voltage regulated supplies. Surprisingly this can, 
in some instances, lead to consideration of regulated supply 
at an economy measure.

Finally, because the voltage regulated power 
supply isolates the powered eguipment from changes in line 
voltage a number of design and operational advantages in 
addition to ripple suppression are gained. These include :
(a) Circuit adjustment such as gain, balance, and biasing 
values tend to remain at desired or optimum settings when a 
regulated supply is used.
(b) High immumity is attained against electrical noise 
riding on power line. (3)

2.2 VARIOUS REGULATED POWER SUPPLIES
The specifications of a power supply are governed 

by the requirements of the electronic equipment which it
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feeds typically the power supplies used In instrumentation 
canbe catagorized as :
(a) Constant Voltage (CV) Supplies :

i) Voltage reference types;
ii) High voltage, low current types; and

iii) Low voltage, high current types.
(b) Constant Current (CC) Supplies :

i) Current reference types;
ii) High Current, low voltage types; and

iii) Low current, high voltage types.
Cc) Other Supplies

i) CV/CC types, with crossover facility;
ii) Dual tracking types (bipolar);

iii) Programmable types, with analog or digital 
control; and

iv) Uninterruptable types.

2.2 (a) Constant Voltage Supplies :
CV supplies either unipolar or bipolar supply dc 

power to most of electronic circuits encountered in instru­
mentation. CV supply is obtained by using an appropriate 
voltage regulator stage with an AC/DC or DC/DC converter. 
Different types of regulator can be used to realize CV 
supplies. The regulators required for CV power supplies 
generally fall into following categories.
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* Linear Voltage Regulator 
Non feedback type
{a) Zener diode regulator? and 
(b) Emitter follower regulator?
Feedback type
(a) Series regulator? and
(b) Shunt regulator

* Switching Mode Regulator
* Ferroresonant Regulator

CC and CV/CC Power Supplies :
The CC power supplies cater to special needs e.g. 

serve as a reference source for D/A and A/D converters, 
provide power supply to transistors or other devices undert­
est in a test instrument etc. The voltage range over which 
they operate is governed by breakdown voltage ratings of 
active devices. Negative feedback is in variably used in CC 
supplies to regulate o/p current to constant value. These
are available in different configurations like series regu­
lated type?

Controlled;
Guarded ?

with adjustable current limiting fascility.

These are also useful for precision electroplating driving 
electromagnets etc.
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The CV/CC power supplies are with automatic cross­
over fascility at a present value of load current. And
these have distinct advantage over CV and CC supplies. In 
particular CV/CC can be connected in parallel (or in series) 
with each other, using protective diode so that higher 
output current (or voltage) is possible, popular CV/CC 
supplies are generally of the 'Linear Series Regulator' 
type.

2.2 (b) Power Supplies Using ICs :
The voltage regulator is an important building 

block of power supply. Its electrical characteristics, 
cost, weight, size, ease of design and over all reliability 
depends on this block. Therefore, it is natural that IC 
technology penetrates this area. The IC regulators avail­
able generally are of linear and switching mode types.

* Linear Voltage Regulator ICs :
Generally these are low power devices dissipating 

only a few watts of power. They can operate over input 
voltage range of 5-50 V with current output of 100 mA-3A. 
However, with the help of the external components we can 
extend the voltage to few hundreds of volts, and also pro­
vide high output current e.g. tens of amperes. Series pass 
IC regulators can be devided into two categories.
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(a) General purpose regulators (3-T regulators)
* LM 109-350 (National Semiconductors, USA)
* LM 78XX Series (National Semiconductors, USA)

(b) Precision Regulators (Variable Voltage Regulators)
* v»A 723 (Fairchild Semiconductor, USA)
* CA 3085 (RCA, USA)
* MC 1560/1561 (Motorola, USA)

* ICs for Switching Mode Regulators s
Development of monolithic ICs suitable for switch­

ing mode voltage regulators have made switching mode power 
supplies attractive and competitive even at power levels of 
100 W<41, 45, 46).

* TL 497 (Texas Instruments, Inc., USA)
* MA 78340 (Fairchild Semiconductor, USA)

2.3 SPECIAL PURPOSE POWER SUPPLIES :
Recent developments in power supplies are such as 

programmable, digital uninterruptable, master slave and 
precision power supplies, those with bipolar output and 
those using SCRs, which are of relevence to instrumentation.

* Programmable power supplies : These are CV, CC or CV/CC 
power supplies with facility to adjust and the output 
voltage or current to a known value by means of exter-
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nal inputs or programming.
* Digital power supplies : Such power supplies are re­

quired in automatic test instruments wherein the output 
value with high resolution and at high speed. These 
are used in semiconductor device testing, wave from 
generation, process control etc.

* Master slave power supplies : These are to facilitate 
parallel operation of power supplies either for im­
proved power output or for higher reliability through 
redundancy.

* Precision power supplies : These are high accuracy 
items usually designed for use as calibrators, working 
voltage standards system, reference supplies or as 
laboratory power supplies of high guality. They are 
ideal for applications where in an accurate, highly 
stable and easy to use source of dc voltage or current 
is necessary. Therefore these supplies are either 
CV/CL, CC/VL, or CV/CC type and are invariably based on 
series pass linear regulator configuration.

2.4 POWER SUPPLY CIRCUITARY :
For AC mains operated electronic equipment the 

power is usually tapped through an AC/DC converter followed 
by suitable voltage/current regulators. On otherhand, 
portable electronic equipment which may be energized from a 
battery generally have AC/DC converter followed by
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regulator. DC/DC converter makes use of step down transform­
er rectifier and filter. The DC/DC converter may have a 
suitable oscillator, transformer (step up or step down, as 
the case may be) followed by rectifier and filter. However, 
the regulators in the both cases are of similar design and 
may have facilities and proper protection circuitary to 
ensure the safety of the electronic circuits they feed. 
Here the design of AC/DC converter regulator is considered 
in detai1.
2.5 AC/DC CONVERTER DESIGN :
Single Phase Rectifier Stage :

The rectifier stage is important block of the 
AC/DC converter. Although germanium and silicon diodes can 
be used for this stage, the latter are preferred on account 
of their superior power handling capacity as well as their 
better performance at high temperatures. A single phase AC 
mains supply is commonly employed for most of the electronic 
equipment. The following rectifier considered here,
(a) Half Wave Rectifier;
(b) Full Wave Rectifier using Centre Tapped Transformer; 

and
(c) Full Wave Bridge Rectifier.
The choice of one or other of these circuits is dictated by 
operating characteristics of the rectifier and application 
envisaged.
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The following design rules emerges for design of 
suitbale AC/DC converter.
(a) Choice of Rectifier Configuration :

A half wave rectifier stage is acceptable for low 
current regulated power supplies generally below 1 Ampere 
such as power supplies are characterised by low value of 
vL(dc)/vp' large C values, high ripple, high peak to average 
diode and transformer current ratios and poor transformer 
utilization. However, they need only one diode per stage.

Power supplies using full wave rectifiers have 
high Vj,{<ic)/Vp, low C values, low ripple, low peak to 
average diode and transformer current ratios and good trans­
former utilization. Hence full wave circuits are generally 
preferred for all applications, particularly those involving 
high currents. However, full wave rectifier with centre 
tapped transformer requires two diodes perstage and a bridg- 
erectifier circuit requires four diodes perstage.

(b) Transformer Specifications :
Transformers are normally rated by voltage output, 

current and in some instances insulation to the ground. The 
latter rating is not in great use today (as solid state 
devices are being used). Some transformers may be rated in 
volt-ampere or watts, with individual ratings compiled for 
both primary and secondary windings.
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Pig.2.2. Single phase rectifier circuits with resistive load and 
Vi, iL waveforms

. (a) half wave, (b) fullwave with centretapped transformer 
and (c) fullwave bridge



\

Fig.2.3. A popular transient protection circuit 
for use with rectifier stage.



The information given in table 2.1 is necessary to 
specify the AC mains transformer once the choice of rectifi­
er stage is made. Half wave and bridge rectifier have 
single winding for secondary; full wave two diode configura­
tion requires a centre tapped secondary. The VA rating and 
secondary current rating of transformer can be evaluated as 
follows :

Table 2.1
EVALUATION OF TRANSFORMER RATINGS

Characteristic
Rectifier type

Half wave Full wave
centre
tapped

Full wave 
bridge

RMS secondary 
Current [Irms(sec)^ IL(dc}f IL(dc)f/2 lL(dc}f/2
Secondary VA 
rating (VAsec) VRMS•IRMS 2vRMS•IRMS VRMS•IRMS
Primary VA 
rating (VApr*) VAsec vAsec^ vAsec

(c) Diode Specifications :
The electrical and thermal characteristics are 

helpful in design work. The specifications for rectifier 
are established by the rectifier *JEDEC for registered part 
numbers e.g. INXXXX. There are three values of interest in
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dc power supply application.
i. The Peak Reverse Voltage (PRV) is the voltage that the 

diode must be able to with stand when it is not 
conducting current. In application this will vary with 
load and can be almost three times the ac voltage 
delivered by transformer secondary, depending on type 
of rectifier configuration used,

ii. The second important rating is Irep. This is peak 
current of rectifier and maximum rating of current that 
can be passed through device.

iii. The third is surge current sometimes listed as Is 
factor which is several hundred times Irep rating. This 
high current occurs for small fraction of second when 
voltage is initially applied to the circuit. An average 
current rating is also applied to solid state rectifi­
ers and sets the proper continuous operating limits of 
the device. Silicon rectifiers are available in a wide 
range of current and voltage ratings, with devices less 
than 600-PRV rating capable of handling upto 400(A), 
higher voltages around 1000 PRV with current rating of 
the order of 1-2 A. Commercially stacked units are 
available for higher ratings than this.

Table 2.2 is very convenient to determine the requirements 
to be satisfied by the diodes. Once the above parameters are 
known (lave' Ipeak' Irms' JF' piv etc) suitable diodes can
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be selected from manufacturer’s data sheet.

Table 2.3
EVALUATION OF RECTIFIER RATINGS :

Characteristic
Rectifier type 

(All with resistive load)
Half­
wave

Full wave
centre
tapped

Full wave 
bridge

Multiplied 
by (X)

Output voltage
Average 1.00 1.00 1.00 Vj^dc)
Peak 3.14 1.57 1.57 VL(dc)
RMS 1.57 1.11 1.11 VL(dc)

Ripple factor (%) 121 48 48
Input Voltage
RMS 2.22 1.11 1.11 VL(dc)

Diode Current
Average 1.00 0.50 0.50 IL(dc>
Peak 3.14 1.57 1.57 lL(dc)

RMS 1.57 0.785 0.785 iL(dc)

Diode PIV 3.14 3.14 1.57 VL(dc)
Transformer VA 
rating
(secondary) 3.49 1.75 1.23 VL(dc) X 

IL(dc)
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Rectifier Protection :
Io-sets limit on average current, Irep-limits 

instantaneous peaks of current may occur at intervals 
throughout cycle, Is-limits instanteneous surge of current. 
Comparing current ratings ratio of approximately 4:1 for 
Irep and Io; ratio of 12:1 for Is to Io.

Heat problems do not occur in units rated for less than 2 A 
but rectifiers rated for 2 A or more usually depend on 
external heat sink. A solid piece of metal having fins or 
Vanes protruding from each side inorder to release heat to 
air. As added protection for small current handling rectifi­
er less than 2 A that must be operated for long periodes of 
time, small clip on metal tab heat sink may be utilized.

2.5(a) Transient Protection ;
High voltage transients produced as a result of 

switching inductive loads on the AC mains supply, e.g. 
motors, transformers etc. can destroy converts, if not pro­
tected properly. The transients may be typically 600-800 V 
on 230 V, 50 Hz AC mains supply, 
i. One of the simplest method to provide protection 

against these transients is to use semiconductor diodes 
with PIV rating higher than expected transient. This is 
acceptable for low power rectifiers, 

ii. For high power circuits alternative approach as shown
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in Fig. 2.3 is used. Use of inductor and/or resistor in 
series with primary winding. But still it is not 
completely protected. The use of capacitor (low value) 
shunting the rectifier diode is quite satisfactory for 
low to medium power suppliers used in instrumentation, 
alternatively a zener diode or varacter diode can be 
used across rectifier diode for improved protection, 
generally popular for high current power supplies.

2.6 RECTIFIES FILTER SYSTEMS :
Pulsating direct current is smoothed out by the 

filter circuitary to obtain a pure dc wave form at the power 
supply output. Filters are made up of capacitors and some­
times of choke; proper filter construction will likely 
determine the o/p voltage and current that supply will 
deliver and will also have a large effect on the regulation 
of delivered product. The widely used filter systems are,
* Capacitor input filters
* Inductor input filters

The following design rules have to be taken into 
account for design of filters.
(a) Choice of filter system s

Capacitor and inductor input filters are widely 
used, the latter being mandetory in high power applications 
inorder to avoid excessive turn on and repetitive surge 
currents.

47



o t-- o {KWX--4
L •O

IN OUT IN OUT IN C CT' OUT
O ■4-.—9

(a)
0------

(b)
■O a ------ o

(c)
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(e) L input, 2 section LC type



Choke (inductor) input filters offer greatly 
reduced electromagnetic interference caused by repetitive 
surge currents. More efficient transformer operation will 
be obtained, due to reduction in form factor of rectifier 
but chokes are bulky and expensive. If capacitor filters 
are used, diodes whose average rating more nearly making 
load requirements can be used if source to load resistance 
ratio of 0.03 and voltage regulation of about 10% are ac­
ceptable.

The capacitor is more effective at light loads 
inductor at heavy loads or small values of load resistance. 
Use of inductor alone is generally impracticle, particularly 
when variable loads must be handled.

(b) Filter specifications (Capacitor input filters) :
Instrumentation power supplies generally make use 

of this filter. The following design rules have to be taken 
into account for working out the filter specifications, 
assuming that capacitor input filter is to be used in asso­
ciation with either half wave or full wave rectifier stages,

i. for low ripple filter use wRLC to be as large as possi­
ble (generally 30-90).

ii. for good voltage regulation, use WRLC to be as large as 
possible (at least 10);

iii. for high efficiency, minimize internal resistance Rs,
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(preferably Rg/Ri, ^as to b® 1®SS than 0.02)? and 

iv. for low cost minimize surge current and use small C. 

The filter to meet the mentioned specifications of the 

circuit can be designed (evaluated) with the 

help of table 2.3.

Table 2.3

EVALUATION OF FILTER COMPONENTS :

Characteristics None L C LC
Section

n Section

Vx,(dc),noload 0.636 Vta 0.636 Vta Vta Vta(noRb) Vta

Vj^dclload Ij/dc) 0.636 Vta 0.636 Vta Vta-Idc 0.636 Vta Vta-Idc

4fC 
f*50 Hz

4fC
f=50 Hz

Ripple factor 0.48 RL 2892 1.2 5722

1333 L CRL LC C1C2LRL

RL
C in pF C in uF Cl,C2 uF

3/2 w L

PIV 2 Vta 2 Vta 2 Vta 2 Vta 2 Vta

Critical
Inductance — ——— — LC^RL

942

L should be 25% large i .e. ICi RL/707
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2.6 (a) Capacitor input versus inductance input system
A comparison of the performance of inductance 

input and capacitor input system shows that in latter 
arrangement the dc voltage is higher, the ripple voltage is 
more, the surge current higher and the voltage regulation 
poorer, than when inductance input is used with same diode, 
transformer, load resistance and capacitance. Also, with 
capacitor input the ripple voltage increases with increasing 
load current, unlike the inductance input system where 
ripple voltage is independent of load current. The utiliza­
tion of transformer is much poorer with the capacitor input 
system because of higher ratio of peak to average current 
flowing through rectifier diode, and likewise the diode is 
less efficiently utilized. Thus the performance (specifica­
tions) of rectifier stage changes when filter is employed in 
the converter circuit. The characteristics of various recti­
fier system with filter are summarized in Table 2.4. Which 
is very useful in evaluation of rectifier specifications 
with filter. Inductance input systems are employed in poly­
phase rectifier systems where as capacitor input system are 
employed in single phase rectifier system used in the 
instrumentation.

2.6 (b) Filter component selection
The inductance coils used in filter must have 

laminated iron cores with an airgap i.e. sufficient to
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prevent the dc magnetization from saturating the core. The 
inductance,i.e. effective in filter is the incremental 
inductance, which depends both upon the dc and ac magneti­
zation of the core. In estimating ac magnetization that can 
be expected, it is normally assumed that the alternating 
current flowing in inductance is equal to the voltage of 
lowest ripple frequency applied across the input of filter 
section, devided by the reactance of the inductance of 
section. The alternating magnetization in inductance of 
first section may be relatively large, where as the alter­
nating magnetization for inductance of the other filter 
sections will be very small if the first section is at all 
effective.

The capacitors used in filters must be capable of 
continuously withstanding a dc voltage equal to the peak 
voltage applied to rectifier. Electrolytic capacitors are 
ordinarily used where peak voltages donot exceed 400 to 800 
volts. Such capacitors have very low cost in comparison 
with capacitance, but possesses disadvantage of a limited 
life. Paper and oil capacitors are used at higher voltages 
and also find use at lower voltages where long life is more 
important than cost.
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2.7 VOLTAGE REGULATOR DESIGN :
2.7(a) Concept of Regulation :

The variation of output voltage with respect to 
load in the voltage regulated supply is known as load volt­
age regulation. It is the ability of the power supply to 
maintain nearly constant voltage across a variable load.

Load voltage Zero load voltage - full load voltage
regulation * -----------------------------------  X 100

Zero load voltage

Lower load voltage regulation values indicate better stabi­
lization. Slightly modified equation for regulation is,

10% load voltage - full load voltage 
Load voltage - -----------------------------------

10% load voltage

Line voltage regulation for the voltage regulated 
supply is % change in output voltage that occurs from a 
specified range of line voltage variation, providing that 
the measurement conditions of constant output current and 
constant ambient temperature prevails thus,

highest output - lowest output 
Line voltage voltage voltage
regulation = ----------------------------------  X 100

output voltage at nominal voltage

Load and Line Regulations Combined :
For many practicle purposes, especially those
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applications in which ambient temperature is limited to a 
relatively narrow range, it is more meaningful to deal with 
combined effect of line voltage and load voltage regulation. 
The relationship applicable to the both type of regulated 
supplies is,

maximum obtainable deviation in 
Line and Load dc o/p level
Regulation Combined * -------------------------------  X 100nominal dc output level

2.8 LINEAR VOLTAGE REGULATOR CIRCUITS AND DESIGN
In this circuit, a linear device is used in series 

path of output current so that its resistance is controlled 
to yield a constant output voltage (Vo). Usually the unregu­
lated voltage (dc input) Vin is maintained a few volts, say 
5-10 V, higher than the desired output voltage. The linear 
variable element is generally an active device, e.g. power 
transistor capable of handling power to be dissipated. The 
control circuit sense the output of the circuit continuous­
ly, and adjusts the series pass device to maintain Vo at a 
desired value. However there are limiting values for the 
unregulated DC voltage and load current, over which regula­
tor circuit is effective and is decided by series pass 
active device.

The following voltage regulators are important in 
this category :
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Non feed back type
a) Zener diode regulator; and
b) Emitter follower regulator.

Feed back type
a) Series regulators; and
b) Shunt regulator.

Design features of these regulator circuits and their char­
acteristics / limitations are covered here.

2.8 (a) Zener diode regulator

The zener diode is very useful voltage reference 
element for power supplies and other applications.

Zener diodes with a wide range of voltage and 
power dissipation ratings, e.g. 2 - 100 s V and 0.1 - 100 s 
W are now available, they are attractive for use in simple 
voltage regulator circuits.

Fig. 2.5 gives a circuit arrangement which is 
useful for fixed output applications.

Characteristics of voltage regulator are governed 
by the range of un regulated DC input voltage (Vin) and 
output load current dj,) over which zener diode maintains 
the constancy of voltage drop.

The design of this regulator involves the selec­
tion of suitable zener diode and calculation of series 
resistance Rs to meet the Vin and 1^ requirements.
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(C)

Fig.2.5. a) Zener diode regulator; b) equivalent circuit 
c) cascaded zener diode regulator.



For the circuit of Fig. 2.5 we have following 
design rules

VL = Iz.rz + Vz (2.1)
and Vin = IS.RS + VL

* (Iz + IL) Rs + VL (2.2)
combining (2.1) and (2.2)

Vin - Iz.Rz - Vz
rs = ------------------------ (2.3)

Vz/Rj, + Iz (1 + rz/Rj,)
It is to be noted that IL is at its maxmium value when Iz is 
minimum and vice versa. This permits following two cases for 
the design of the circuit.
(i) Vin and RL are maximum
For this case zener dissipated maximum power, Hence choose 
Rs large enough to limit power dissipation (Pz) of the zener 
diode below permissible limit [Pz (max)l

Iz (max) < Pz(max) / Vz (2.4)
Upper value of Rs (=Rsa) is written as

Vin (max) - Iz (max).rz - Vz
Rsa = --------------------------------------------  (2.5)

Vz / Rj, (max) + Iz (max) (1 + rz / Rj, (max)

(ii) Vin and Rj, are minimum
It is necessary to ensure that the zener diode has atleast 
the minimum current i.e. Iz(min), for maintaining device 
under constant voltage break down. Here chosen value of Rs 
(=Rsb) should be small enough for this purpose.
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Vin (min) - Iz (min) rz -Vz
RSb = --------------------------------------- >-------- (2.6)

Vz / Rl (min) + Iz (min) (1 + rz/Rj, (min)
The value of Rs is chosen for average condition.

Vin (av) - Iz (av) rz - Vz
Rs = ------------------------------------------------  (2.7)

Vz / Rj, (av) + Iz (av) (1 + rz / Rj, (av))
Where, Iz (av) is chosen about 20% of Iz (max).

Important parameters of this circuit canbe evalu 
ated i.e. voltage regulation, output resistance and tempera 
ture coefficient.
Referring to Fig. 2.5 (b)

Vin - Vz - IL Rs
is-------------- —--- (2.8)

rz + Rs
combining (2.1) and (2.8)

Vin. rz Vz. RS
VL = --------  + --------

rz + Rs rz + RS
From this equation Sv, Ro,
Voltage regulation :

rz rz
Sv = ---------  * ---

rz + Rs Rs
Output resistance :

Rs.rz rz
Ro ---------  fe

rz + Rs

IL.RS.rz
+ --------- (2.9)

rz + RS
Sj are put down as follows :

(2.10)

(2.11)
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temperature coefficient :
RS

ST
rz + RS

dVz dVz/dT
... m
dT

(2.12)

If Vin has ripple superimposed upon dc value, if 
gets reduced by factor of Sv at regulator output terminals. 
Thus
Vr(o) = Vr{in). Sv (2.13)
Extending zener voltage regulator range :

High voltage zener with low current are available. 
Thus voltage rating canbe increased with high current by 
series connecting zener.
Vz tot = Vz! + Vz2 + Vz3
Iz (max) will be minimum of max zener currents of three 
zener.
Cascaded zener diode regulator :

This is particularly helpful for obtaining better 
regulation over a smaller current range.
We have following equations for above circuit
Sv* * rzj / RSi (2.14)
Ro| - rz! (2.15)
STj « dVz! /dT (2.16)
SV2 * rz2 / RS2 (2.17)
Ro2 * rz2 (2.18)
ST2 - dVz3 / dT (2.19)
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(2.20)
For complete regulator 
Sv = Svj . SV2 35 rzi-rz2 / RS^ . RS2 
Ro = R02 . rz2 (2.21)
ST = ST2 + SV2 . STi * ST2 = dVzi dVz2/dT (2.22)

It is useful to note that the cascaded voltage regulator has 
an improved performance in respect of voltage regulation; 
but o/p resistance and temperature coefficient donot differ 
much from those of single zener diode.

2.8 (b) Emitter follower Regulator
This circuit is extension of the zener diode 

voltage regulator and has a bipolar transistor emitter 
follower at the out put terminals. This circuit has several 
advantages over the zener diode voltage regulator :
It provides better regulation ;
It has lower output resistance ;
Capable of providing large power output.

The circuit is analyzed as follows to evaluate its 
performance :

Referring to the dc equivalent circuit of voltage 
regulator, the dc load voltge is given as

VL * Vz -VBE (2.23)
Where VBE base to emitter drop of transistor 0.7 V. Assume 
that transistor has high hfe and load current is much larger 
than Ij,.
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VL

Rs hfe.iB iL

Fig.2.6. Emitter follower regulator
a) schematic circuit diagram;
b) DC equivalent circuit and
c) AC equivalent circuit



Vl * hfe.iB.RL (2.24)
V2 * VL (2.25)
Vi * V2 (1 + RB/rz) (2.26)
Vin * Vi + hfe.iB.RS (2.27)
Vin (min) = VL + 2V

Allow current through Rg be 5% of load current

Vin (max) - V2
rb - -----------------

IL X 0.5

PRb - (IR)2 . R
An equation for Vin interms of VL canbe written as 

RB
Vin » VL (1 + ---- + Rs/Rl) (2.28)

rz
As Rs << Rg the parameters for the circuit work out to be :

Voltage regulation : Sy * rz/RB (2.29)
o/p resistance s R0 = rz Rg/RB + rb’e/d + hfe) (2.30)

Both Sy and R0 of this circuit are much smaller 
than in the case of the corresponding zener diode regulator.

2.8 (c) Series pass voltage regulator
The series regulator comprises of following blocks
(i) Control element or series pass transistor;
(ii) Sampling and reference elements; and
(iii) Comparison and dc amplifier.
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Important considerations in the choice and design 
of above mentioned blocks are described, followed by com­
plete voltage regulator circuit design and possible improve­
ments in performance.

<i) Control element
The control elements of emitter follower and 

series regulator are basically same (i.e. npn transistor’s, 
dependent on the polarity of Vj,) except for base drive. The 
series pass transistor that affects circuit design and per­
formance are collector dissipation, maximum collector cur­
rent (IC (max)), leakage current (ICER), current gains both 
hFE and hfe, collector emitter saturation voltage (VCE 
(sat)) and collector emitter break down voltage (BVceo^* 
following rules should be considered while selecting series 
pass transistor :

* The series pass transistor dissipates maximum 
power when the power supply is short circuited. It is there­
fore necessary that the maximum collector dissipation of 
transistor chosen in higher than this.

* The IC (max) limits the total current which 
regulator can handle. Thus the short circuit current of the 
power supply has to be less than IC (max).

* A low value of ICER is desirable to ensure sta­
bility of the circuit and avoid thermal runaway. As silicon
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planar power transistors usually have very low ICER (<<lmA) 
they are invariably preferred here.

* The current gains hFE and hfe fix the drive i.e. 
necessary for different current output levels hence have to 
be as large as practical; hence it is necessary that hfe is 
(>100) so that R0 of the circuit is maintained low.

* Magnitude of Veg(sat) decides the minimum value 
of Vj, and Ij, to which the circuit canbe set to.

(ii) Sampling and reference elements
* A sampling is generally carried out by a simple 

voltage divider circuit {e.g. resistor network) across 
regulator out put terminals. For good results it is neces­
sary that Rj and R2 are operated at the same temperature, 
they have same temperature coefficient, i.e. they are of the 
same material.

* The reference element is generally a zener 
diode. The Vz for diode to be chosen is | X Vl. The balance 
must be obtained between dynamic impedence and thermal 
stability. It is generally desirable to operates well within 
the power rating of zener diode, to chose the most appropri­
ate break down voltage in face of design constraits.

(iii) Comparison and dc amplifier
* The comparison element takes a sample of V^,
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compares it with VR and produces a single proportional to 
the difference between the two.

* A single transistor CE amplifier, a differential 
amplifier or an op AMP canbe used for this purpose, the 
choice of one or the other being dependent on desirable 
values of Sv and S^.

The design rules for the series regulator circuit canbe put 
down as follows :
To design the series regulator with following 
specifications:

Vin (volt) with ro (ohm)
Vjr, (volt) with Ij, (max) ( A)

The parameters for active device :
Series pass transistor, silicon type (Ql) :

Id (A), hFE * hfe, hie (ohm);
Amplifier transistor, Silicon type (Q2) *

Ic2 (A), hFE = hfe, hie (ohm); 
zener diode (D) :
Vz = Vj/2, Rz (ohm) at Iz (mA);
Referring to fig.2.6

VL - (Vz + VBE2) (1 + Ri/R2> (2.31)
From equation (2.43) values of R1/R2 is obtained, assuming 
VBE2 = 0*7 volt. The value of each resistor is now deter­
mined as follows :

IB2 = IC2/hFE2
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As IR >> IB2; choose IR (upto 5 mA); then
v2 * VBE2 + vz

VL ~ ^2 
IR

R2 * V2/IR 
For Qi :

IB1
+ XR + Iz 
hfel

The value of I3 is given by
I3 * IB1 + IC2

This permits evaluation of R3 as,
Vin “ <VBE1 + VL>

R3 - --------------------  VBE1 = 0.7 V
*3

R4
Vl _ Vz

IZ

(2.32)

(2.33)

(2.34)

(2.35)

Thus all components in the circuit are evaluated. 
Voltage regulation :

VL 1
Sv - -----  » --------- (2.36)

vin 9m2-fi-R3

Out put resistance :
1

R0 - -------------- (2.37)
gm2 B hfel
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Change in o/p voltage :

6Vl « Sv • 6Vln + RD.6IL <®V) (2.38)

Variable out put series pass regulator :
To design a variable out put regulator the follow­

ing rules must be followed :
Regulator specifications :
Vin (min) to V^n (max) volt,
Vin (min) to V^n (max) volt, with Ij^max) (Amp).

Parameters of active device :
series pass transistor (Qj) t (silicon type) NPN for posi­
tive o/p)
IC1 (Amp), hFE * hfe, hie (ohm);
Amplifier transistor, silicon type (NPN) (Q2) *
IC2 (amp), hFE * hfe, hie (ohm);
Zener diode (D)

VL(min)
Vz * ------- , rz (ohm) « Vz. Iz;

2
To Calculate Passive Components :

VL (min) - V2r4 « ----------------- (2.39)
Iz (min)

choose the current flowing through (Rj and R2) i.e. IR12 
upto 5 mA).
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To calculate R3

IB1 ■
Ij, (max) + I2 + Iri2

hf el

I3 = IB1 + *C1
vin “ *VBE1 + V^lmax)

*3 -
13

*R3 - l32- ®3 W«tt 

To calculate Ri and R2 

B = R2 / Ri + R2 

Vj, (min)

VBE1 0.7 V

Rl+R2 -

VL

Iry. (min)

*2

*1.. SB

*2

R2 =

R1

R2' 

R2 ’

R1 + r2 

VL
V2 + VBE 
R1 + r2 
R1( —) + 1 
r2

VL
V2 + Vgg 
(Rl' + R2') 

Rl’( —) + 1 
r2 '

(V2 + VB1)

Rp = (Ri’ + Ri) 
Rp = (R2' + r2>

(2.40)

(2.41)

(2.42)

(2.43)

(2.44)
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Also,
Rb = R2 - Rp = R2' (2.45)
Ra = (Ri + R2) - (R2’+ Rp) (2.46)

The equations for voltage regulation Sy and output 
resistance R0 is same as that of fixed output regulators.

2.8(d) Shunt Regulator :
Although the shunt regulator is not as efficient 

as series regulator, it has advantage of greater economy and 
simplicity. This circuit is usually recommended for regulat­
ed power supplies when load is relatively constant. In its 
basic form, shunt regulator comprises a shunt transistor as 
control device, and voltage reference source (e.g. zener 
diode) to bias this transistor. The design of this circcuit 
involves the solution of these active devices along with 
other components.

To design a shunt regulated power supply with the 
following specifications :

Vjn ± 6V, rQ (ohm), Vj, (volt)
Rj, + 6Rl (ohm);

Parameters of active devices i 

Shunt transistor, silicon planar (npn);
IL(max) = Vl/(Rl - 6Rl)
P(max) = Vl . iL(max)
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Rs

Rs

Fig.2.8. Shunt regulator (a) schematic circuit diagram 
and (b) AC equivalent circuit.



A silicon planar npn transistor having maximum 
rating better than 3 * P(max) can be chosen from manufactur­
er's data sheet. Such a transistor is easy to spot out, and 
can have hFE - hfe > 100.
Zener diode (D) :
The zener diode to be used in circuit should have Vz of 
value (Vl - Veg)J
A maximum current greater than (Ig(max) + I2);
A minimum current (required to ensure reliable breakdown) of 
diode I2;
A power dissipation in excess of Vz * (IgCmax) + I2)•

The value of other components (resistor) can be 
determined as follows ;

The value of resistance R2 can be calculated from 
following relation, 

e2 = VBE/I2
The value of series resistance i.e. Eg = (R2 + rG) is deter­
mined for condition when load current is maximum

Vin - 6vin = VL + (RL + rG) • lL<max) (2.47)
as r0 is given we can calculate R} from equation (2.47).

This completes the circuit design. The perform­
ance of the above circuit can be evaluated from following 
equations :

VL - (rb’e + rz) iB (2.48)
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ic hfe.iB (2.49)
-iL * (1 + hfe) iB (2.50)

and Vin * VL + (1 + hfe) iB.Rs (2.51)
combining equations (2.48 to 2.51), the expression for 
voltage regulation and output resistance of circuit are : 
Voltage regulation s

Sy - (rb'e + r2) / hfe Rg (2.52)
Out put resistance :

Rc - (rb'e + r2) / hfe (2.53)

2.9 REGULATORS USING ICS :
The advent of intergrated circuits has been one of 

the major developments enabling sophisticated and high 
performance regulated power supplies to be produced. The 
following benefits have emerged as a result of the applica­
tion of ICS to voltage regulator circuitary :

i. Improvement in characteristics, particularly regula­
tion, temperature range of operation, temperature 
coefficient of output voltage etc.

ii. Standardization of the building block, including facil­
ities for current limiting, over voltage protection, 
thermal shut-down etc.

iii. Miniaturization of the regulator, making it possible to 
use it for oncard regulation of voltage for feeding few 
circuits on a PCB, or as a component in high voltage or
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high current power supplies with aid of external compo­
nents .

iv. Reduced cost, coupled with high reliability and flexi­
bility of connections have made it attractive to use 
IC-type regulators in virtually every practicle appli­
cation.

Two methods of employing monolithic integrated 
circuits for regulated power supplies have emerged. With 
one method, the regulated power supply is designed around an 
IC OPAMP, which serves as error amplifier, with other active 
and passive elements. The other method of implementing IC 
technology in regulated power supplies is to use special ICs 
in which virtually all functions likely to be needed are 
processed into single chip.

2.10 SERIES PASS REGULATOR USING IC 741 :
The basic block schematic of regulator is shown in 

Fig.2. Ri and R2 form a voltage devider which feeds a 
voltage proportional to Vj, back to the inverting terminal 
input,

®2VINv * -------- VL Vz > Vjjjy (2.60)
Rl + R2

Thus amplifier output is positive and is proportional to (V2 
- Vmy). If Vl decreases, the amplifier output increases as
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Fig.2.9. Regulator using OPAMP, (a) schematic!
(b) with current booster and
(c) with current boost and current limit



<VZ - VINV) decreases. The greater voltage applied to base 
will drive Q heavily and Vj, will increase and vice versa.

The basic design equation for this configuration is t

AVL « --------- (Vz) (2.61)
1 - KA

Vl is the dc output voltage,
A is open loop gain of OPAMP,
K is fraction of the output voltage feedback to summing 
junction (K *> R2/R1 + R2)
Vref is reference voltage.

* The circuit has excellent regulation
* Low out put resistance.
* Temperature coefficient depends largely on characteris­

tic of reference source.

2.10(a) Series Pass Regulator (IC741) with Current Boost 
Stage

A more practical implementation of OPAMP regulator 
is obtained with addition of external transistor to increase 
available current. The rules to design the regulator as 
follows :

To design a voltage regulator following specifica­
tions :
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Vin(min) to Vin(max) (Unregulated voltage);
VL (Volt) with Ij^max)

Parameters of active device :
Series pass transistor, silicon type (npn) :

P(max) = Ij,(max) * (V^ - Vce)
A series pass transistor having maximum rating 

better than 3 * P(max) can be chosed from manufacturer's 
data sheet.

Ic (>Ii,(max)} hfE - hfe (>100); hie (ohm);
Zener diode :

Vz = Vj/2; Rz (ohm) at Iz (mA);
To compute passive components (Resistors) :

Rl
VL - ( 1 + — ) Vz

R2

Rl + r2 « ---------
IL(max)

Vin - Vz
R - -------------

I
RgC * 0.7/Ij,

This completes the design of the circuit.

Voltage Regulation s
1

Sv * ---------- (2.66)
gm2 *fl•R 

1
R0 = -------------- (2.67)

g«&2 • fi«hf el

(2.62)

(2.63)

(2.64)

(2.65)
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2.10(b) Series Pass Regulator (IC741) With Current Boost 
and Current Limit Stages :

Fold Back Current Limiting :

The figure 2.9(c) gives the output characteristics 

of a regulator with fold back current limiting for series 

pass transistor. The load voltage remains constant until 

rated output current (iLmax) is reached. As soon as Ii,(max} 

is crossed, Ij, gradually decreases until short circuit 

condition is reached, at which stage power dissipation 

series pass transistor is at a very low value. Thus there 

is no excessive power dissipation in the series pass device 

making the fold back current limited circuit an ideal choice 

for high power applications.

To design a voltage regulator with following rules : 

Regulator specifications :

Vjn(min) to Vin< max) [Unregulated voltage];

Vj,(Vol t) with Ij^max)

parameters of active devices :

Series pass transistor silicon npn type : Qj 

Pl)(max) = Vjn(max) * iL(max)

choose transistor with maximum dissipation > 3 * Pj)(max)

B(min)
iL(max)
1741

1741 = 25 mA] at IC > I^(max) 

and Vc > Vin
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limiting transistor silicon npn type : Q2

Q2 is chosen with following specifications 
PplmaK) > 3 * lBQl^vin^'* fin'll = 2 * (fimin Qj),* 
VC > Vln 

Zener diode :
VLV2 ^ ----  ; Rz (ohm) j at I2 (mA)
2

To calculate passive components :

0.7 X 5

Rl “ Wdc ~ vz> / 0.001 
R2 “ <VZ / 0.001 
« - <vin ~ Vz) / Idc
R4 ■ Vdc - (4 X 0.7)/IR12 where IR12 - 0.001 
R3 - (4 X 0.7)/IRi2

This completes the design of regulator using
IC741. .
2.11 PRECISION REGULATOR :

These regulators can provide a wide range of 
output voltages and currents, as they can be set by external 
components to be associated with them. Output current 
limiting and electroning shut down of regulator are rela­
tively easy with the help of external components and
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Fig.2.10. (a) schematic block diagram of precision
precision voltage regulator 
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devices. These regulators are characterized by more than 
three terminals for the package and they are available with 
a wide range of specifications from number of leading IC 
manufacturers, e.g. pA 723, CA3085 etc. Type pA 723 has 
been an industry standard for a number of years in view of 
their good characteristics and popularity in practical 
applications.

Table 2.5
CHARACTERISTICS OF PRECISION REGULATOR IC 723

Parameters pA 723 (fairchild 
semiconductor, USA)

Output voltage range* (V) 2-37
Output current (max) (mA) 150
Input or line regulation (%/V) 0.03
Load regulation (%/V) 0.03
Temperature coefficient (%/°C) 0.003
Ripple Rejection (dB) 75
Quiscent Current (mA) 2.3
Input voltage range (V) 9.5 - 40
Voltage reference source Zener diode
Voltage reference output (V) 7.15
Package TO-5 or DIP

* output voltage is positive here.
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2.11(a) Basic Low Voltage Regulator (2 to 7 Volt output) : 
The design of low voltage regulator using device 723 : 

The reference voltage VR must be reduced for the 
non inverting input of error amplifier by means of voltage 
devider circuit [as shown in Fig.2.11(a).
* For maximum temperature stability

*1*2R3 = -------- (Provided for INV i/p of (2.70)
Rj + R2 error amp)

The value of R3 must be less than 10 KQ for stability but 
greater than 490Q to avoid loading reference voltage. The 
values in data sheet resistor chart show

966 Q j£ Rg S 3.52 KQ ID = 1 mA
* Since error amplifier draws very little current, we

will neglect its bias current. Hence,

VR - V0
R| « ---------- (2.71)

id
v0R2 - ----- (2.72)
id

Alternatively we assume value of R2 and find out R| using 
following equation 

*2V0 - --------- VR (2.73)
Ri + R2
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VIN
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OUTPUT

Fig.2.11. a) Basic low voltage regulator 
( 2 to 7 volt output )

VIN

REGULATED
OUTPUT

Fig.2.12. b) Basic high voltage regulator 
( 7 to 37 volt output )



The value of Rec is given by,
vsense

where Veense * 0.65 V at 25°C

(2.74)

* From specifications Cref = 5pf to reduce reference 
noise voltage and Cj = 100 pf for freguency stability.

Typical Performance :
Regulated output voltage 5V;
Line regulation ( 6Vm = 3V) 0.5 mV;
Load regulation ( 61^ * 50 mA) 1.5 mV.

2.11(b) Basic High Voltage Regulator (7 to 37 V output) :
To construct the voltage regulator with specifica­

tions Vjn (volt); V0 (volt) at Im (mA).
Pp(max) * V|_n(Im + Iq) find Iq from data sheet.
Check whether PR(max) is the safe value from data sheet, 
find out Im for (V|n - VQ) it should be greater than given 
Im (from data sheet).
If above conditions are satisfied then follow design rules 
mentioned below :
Here VQ > VR the voltage fed to INV i/p of the device must 
be reduced with voltage devider.

Vo - vRRl « ---------
Id

(2.75)
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*2
VR

Id
(we can use Vg s 7.5 V; Ij) = 1mA)

Using Rs = R1 || ®2 reduce temperature drift

R1R2
r3 *

Ri !!

Rsc !

Iq -

R1 + r2
R2 < 10 KQ is satisfactory value).

sense
Im + Iq

quiescent current of regulator

(2.76)

(2.77)

3 mA

Typical Performance :
Regulated output voltage 15 V; 
Line regulation ( SVjjj = 3V) 1.5 mV; 
Load regulation ( 6Il = 50 mA) 4.5 mV.

2.11(c) Regulator With Fold Back Current Limiting :
We design circuit fold back current limiting as

follows i

The base of current limiting transistor is driven 
by voltage from a resistor divider from V0 to ground. The 
short circuit current then becomes,

^sense ISC = -------
RSC

r3 + r4
r4

(2.78)

and maximiun current possible under normal operating
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Fig.2.13. a) Regulator circuit with foldback limiting 
b) Negative output regulator



conditions is,
V0 R3Im - ISC + ------  * ---- (2.79)
RSC R4

If a short circuit current limit and maximum operating 
current are given, then the values of R3 and R4 must be 
determined. First we compute,

a Vsense
Vo

(2.80)

Then, we choose a value of R4 from this we get, 
a

r3 - ------- r41 - a (2.81)

and Rgc vsense
Isc (2.82)

R1
Vo - VE

ID
r2 * VR/VD

(2.83)

(2.84)

Typical Performance :
Regulated output voltage +5 V;
Line regulation ( 6Vir = 3V) 0.5 mV? 
Load regulation ( SIj, * 50 mA) 1 mV. 
Short circuit current 20 mA.
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2.11(c) Variable Output Regulator :
Specifications :

Vin(min) to Vin(max);
VQ(min) to V0(max) at Im (mA)

To select series pass transistor :
Plj(max) ■ (V0max - Voinin) Im.
Choose transistor that can dissipate 3 * Pi)(max); jiA 723 can 
supply 10 mA current.

fi min * --------  ;
I 723

VCE > vin<max>
To calculate passive components :
For bottom rotation 

Rl + R2
V0 * ---------  VINy (2.85)

Rl
VINV “ VNINV 

*3
VNINV “ ---------  vref

R3 + R4
for top rotation,

Rl + R2 Vref (Ri + R2)
V0 - VINV (--------- )----------------- (2.87)

Rl Ri
vrefR3 + R4 - ------ (2.88)
ID

choose current flowing through Ri and R2 (upto 5 mA)
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®1 + R2 (2.89)Vq
IR12

Rl + ®2 VD
R1 vref

VBE vsense
RSC * ----- “ --------

Im+ID + *D
(2.90)

2.11(d) Negative Output Regulator
To design a regulator with negative output and 

constant current limiting capability.
Specifications :

Vin (Volt);
VQ (Volt) at Im (mA).

Parameters of active devices :
Putmax) Qi = Vin • Im

rmB min Qi « ---- = -------
1723 25 mA

Qj is selected with following specifications : 
pD “ 3-pD(max) Qi? Bmin * 3.fimin Qi at Im;

VC1 * Vin
Q2 is seleted with following specifications s 
PD * IBQ1 * Vin * 2> Bmin ■ 2 * B««in Qi at Ic; 

VC2 * Vin.
To calculate passive components s 

R5 must cary IB(max) Ql

80



(2.91)VR5 “ vin ~ <vout “ VBEQ1>
Vin " <vout - VBEQ1>

r5 = -------------------------
Igj/Bmin Qi

R3 * R4
Choose current allowed through R3 ( or R4 )

R3 + R4
VREF
IR34

VINV “ ~ | vout " 0*5 VREF |
VR2 88 - VINV
VR1 * °*5 VREF

0.5 VREFRj * -------------
ID

id

This completes the design of regulator.

(2.92)

(2.93)

(2.94)
(2.95)

(2.96)

(2.97)

2.12 GENERAL PURPOSE IC REGULATOR [3-T REGULATORS] :
The trend in voltage regulation is towards local­

ized regulation with smaller, low cost, low current, fixed- 
voltage IC regulator which require minimal or no heat sink­
ing and a few or no external components. Simple three 
terminal regulators supplying one to three amperes have been 
placed on individual cards within systems. These, however, 
are often larger in capacity and price i.e. necessary for 
one-per-card use. These regulators are available in a

81



VIN ’

CIN

REGULATOR OUT-o

COUT

Fig.2.14. Basic regulator connection.

Fig.2.15. Symmetrical fin shapes

Note : for H >> d, using B = H/2 is satisfactory
approximation for either square or round fins



variety of positive and negative voltages at current ranges 
of 100 mA to 3A, some in packages as small as the TO-92 
plastic small signal transistor. These are also dual track­
ing ± 100 mA regulators in TO - 100 or plastic power DIP 
packages. With this variety choose from, it is now possible 
to select the regulator for each application, and reduce 
cost significantly over competing approaches.

In addition to their normal fixed voltage applica­
tion the three terminal regulators may used as,
* Current Regulator
* Adjustable Voltage Regulator
* High Current Boosted Regulator
* Combined + and - regulators for dual balanced supplies
* Tracking dual regulators.

2.12(a) Fixed Voltage Three Terminal Regulator 
Selection Procedure) :

2.12.1 DETERMINE »
a) vOUT' reguired output voltage
b) IOUT» maximum output current
c) Vjh, mean unregulated input voltage
d) T^, ambient temperature.

(Product

2.12.2 SPECIFY :
Tj, maximum operating junction temperature. For high­
est reliability, Tj should be 25°C or more below
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Tj(max) as specified on data sheet.

2.12.3 SELECT A REGULATOR :
a) make preliminary selection based on step 2.11.1(a) 

and (b) above, from the data sheet summary of 
table (2.6).

b) Verify the selection by P = (Vju - Vqut^ *OUT with 
data sheet summary of table (2.6) to ensure that 
selected regulator will provide peak current 
greater than Iout under (Vjn - Vqut^ operating 
conditions (peak current is limited by internal 
circuitary).

c) Determine heat sink requirements from section 
2.11(b).

2.12(b) Selection of Commercial Heat Sink :
2.12.4 COMPUTE TOTAL THERMAL RESISTANCE :

Determine the total thermal resistance, junction 
to ambient 0jA (TOT) necessary to maintain steady state Tj 
below maximum value specified on data sheet.

Tj - TA
0jA(TOT) = --------- °C/W (2.98)

Pp

Under short circuit conditions, the internal thermal shut 
down will limit Tj to about 175 ± 5®C. Although this
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protects the device, prolonged operation at such tempera­
tures can adversely effect device reliability. If short 
circuit operation totaling more than 10-100 hours (for 
plastic package limit short circuit time to less than 1 
hours) over system life time is expected, it is wise to use 
heat sinks which will limit short circuit Tj to Tj(max). 
Accordingly check operation with Vqut “ The ®'ja(TOT) 
necessary to maintain Tj < Tj(max) under short circuit 
conditions is.

tJ(MAX) ~ tA®'JA(TOT) = -------------- °c/w
VIN * JSC

(2.99)

where Igc is read from data sheet summary of table (2.7).

2.12.5 DETERMINE IF HEAT SINK IS REQUIRED :
Refer to the thermal resistance, 8gc and 9ja» 

columns of the data sheet summary of table (2.6).
(a) ®JA(TOT) > 6JC roast be met, otherwise a higher wattage 

device must be used or a boost circuit employed.
(b) If 8ja(TOT)?> 0JA' a heat sink is not required.
(c) If 0jc < Qja(TOT) < ®JA' a heat sink is required.

2.12.6 SELECT A HEAT SINK :
Choose a suitable heat sink from the selection 

guide, Table (2.6), or from manufacturer's specification 
data. The necessary conditions are 0ja(TOT) and ®’jA(TOT) he
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less than 8ja* as read from table (2.6). The total thermal 
resistance is that from junction to case plus that from case 
to ambient or sink to ambient {neglecting that from case to 
sink, which is small).

©JA(TOT) ~ ©JC + eSA °c (2.100)

2.12.7 CHECK INPUT RIPPLE AND INPUT VARIATIONS ;
Insure that full load Vuj(min) does not allow Vjn

- Vqut to fall below the drop out voltage of about 2V. See 
individual data sheets if operation Vm - Vqut < 2V is 
required. Insure that noload (max) does not exceed the 
value listed on the data sheets or in the table (2.6).

2.12(c) Custom Heat Sink Design :

2.12.8 IS A CUSTOM DESIGN NECESSARY :
The required was determined in (Section

2.12.6). Even though many heat sinks are commercially avail­
able, it is sometimes more practical, more convinient, or 
more economical to mount the regulator to chasses, to an 
aluminium or copper fin, to an A1 extrusion, or to a custom 
heatsink. In such cases, design a simple heat sink.

2.12.9 SIMPLE RULES :
(a) Mount cooling fin vertically where practical for best 

convective heat flow.
(b) Anodise, oxidise, or paint the fin surface for better
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radiation heat flow; see table (2.7) for emissivity 
data.

(c) Use 1/16" or thicker fins to provide low thermal re­
sistance at regulator mounting where total fin cross- 
section is least.

2.12.10 FIN THERMAL RESISTANCE :
The heat sink to ambient thermal resistance of a 

vertically mounted symmetrical square or round fin see 
(Fig.2.15) In still air is,

®SA

where, H
n

he
hr

1
---------------- ®C/W (2.101)2 H2n (he + hr)
height of vertical plate in inches 
fin effectiveness factor 
convection heat transfer coefficient 
radiation heat transfer coefficient

he 2.21 X 10"3 TS - TA
H

) 1/4 W/in2 °C (2.102)

Tg + Tj^hr - 1.47 X 10"10 E (-------  + 273)3 W/in2 °C (2.103)
2

where, Tg = temperature of heat sink at regulator mount­
ing in °C

Tjk = Ambient temperature in °C 
E = Surface emissivity (see table 2.7)

Fin effectiveness n includes the effects of fin thickness,
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Table 2.8 Emissivity Values for Various Surface Treatments

SURFACE EMISSIVITY, E

Polished Aluminium 0.05
Polished Copper 0.07
Rolled Sheet Steel 0.66
Oxidised Copper 0.70
Black Anodised Aluminium 0.7 - 0.9
Black Air Drying Enamel 0.85 - 0.91
Dark Varnish 0.89 - 0.93
Black Oil Paint 0.92 - 0.96



shape, thermal condition, etc. It may be determine from the 
'nomogram' of Fig.(2.17).

The procedure for use of the 'nomogram' is as
follows :
(a) specify fin height H as first approximation
(b) Calculate h = (he + hr) from equations (2.102) and 

(2.103).
(c) determine alpha from values of h and fin thickness x 

(line a).
(d) determine n from values of (b) (from Fig.2.24) and 

alpha (line b).
The value of n thus determined is valid for verti­

cally mounted symmetrical square or round fins (with H >> d) 
In still air for other conditions n must be modified as 
follows ;

Horizontal mounting : multiply he by 0.7.
Horizontal mounting where only one side is effective :
multiply n by 0.5 and he by 0.94.
for 2:1 rectangular fins : multiply h by 0.8.
for non symmetrical fins where regulator is mounted at
bottom of a vertical fin : multiply n by 0.7.

2.12.11 FIN DESIGN :
(a) Establish initial condiitons T^ and desired 6g^ as 

determined in (2.12.9).
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(b) determine Tg at contact point with the regulator

Tj - TS0JC + 0CS - --------- (2.103)
PD

Ts = Tj - (0jC + 0CS) (VxiJ - Vqut> iOUT
* Tj - (0jc Win - VquT^ iOUT^

(c) select fin thickness, x > 0.0625" and fin height H.
{d) determine he, hr from equations (2.102) and (2.103).
(e) find fin effectiveness factor n from Fig.(2.24).
(f) calculate 0g^ from equation (2.101).
(g) If 0gA too large or unnecessarily small, choose a 

different height at repeat steps (c) through (f).

2.11(d) Adjustable Output Voltage
A fraction of the regulator current VREG/Rx is 

used to raise the ground pin of the regulator and provide, 
through voltage drop across R2, an adjustable output volt­
age.

VREG
Vo - VREG + R2 (Iq + ----—) (2.104)

R1
Line regulation is,

6V0 R! + R2 6Iq
--- = (Lr’) (------- ) + (---—) R2 (2.105)
6Vin Rx 6VIN
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Load regulation is
6V0 Rj + R2 6Iq--- . (Lr) (-------) + (------ ) R2 (2.106)
6lL r1 SIq

6V0where, Lr = ______, the regulator load regulation per amp
6I0 of load change.

6Iq quiescent current change per amp of load
6I0 current change.
6lQ quiscent current change per volt of input
6vin voltage change.
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