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56.1. General

Thevarious power-supply circuits considered in Chapter 5 suffer from the drawback that their dc
output voltage changes with changes in load or input voltage. Such a dc power supply is called
unregulated power supply. Regulated power supply can be obtained by using a voltage regulator
circuit. A regulator isan electronic control circuit whichiscapable of providing anearly constant dc
output voltage even when there are variations in load or input voltage. A source of regulated dc
power isessential for all communication, instrumentation, computersor any other electronic system.

We will consider both linear regulators and switching regulators which are also available in
integrated circuit form. In linear regulators, the transistor operates somewhere between saturation
and cut-off. ItisalwaysON and dissipates power. Hence, its efficiency (output power/input power)
is 50 per cent or less. In switching regulators, the transistor operates like a switch i.e. it is either
saturated or cut-off. Hence, its power efficiency is 90 per cent or more.

The linear regulators are of two basic typei.e. seriesregulators and shunt regulators. Likewise
switching regulators can be of three basic types (i) step-down type, (ii) step-up typeand (iii) inverting
type.

56.2. Voltage Regulation

Asstated above, in an unregulated power supply, output voltage changes whenever input supply
voltage or load resistance changes. Itisnever constant. The changein voltage from no-load to full-
load condition is called voltage regulation. The aim of a voltage regulator circuit is to reduce these
variationsto zero or, at least, to the minimum possible value.

The percentage regulation or, simply, regulation of a
power supply isgiven by

\V/ -\ VNL
%regulation = —m\(/ M x 100
max
whereV . =maximum dc output voltageand V., , = mini- \VFL

mum dc output voltage.

When we say that 10 V regulated dc power supply hasa
regulation of 0.005 per cent, it means that dc output voltage
will vary within an envel ope 0.005 per cent of 10 V.

Voac Vi 10D Iy,
Vi Fig. 56.1

0.0005V =0.5mV

Hence, output voltage will vary by + 0.25 mV. So, we see that instead of expressing voltage
regulation by unwieldly expression 0.005 per cent, we can expressit by asimple figure of + 0.25 mV.

Ve = Ve x 100
Ve
where, V. = no-load or open-circuit terminal voltage of the supply (Fig. 56.1).
Vg = full-load terminal voltage of the supply

In an ideal or perfectly regulated dc power supply, the percentage voltage regulation is zero.

This voltage regulation is also called load regulation.

Now, 0.005% of 10 V

Ingeneral, %regn.

56.3. Zener Diode Shunt Regulator
A simple shunt voltage regulating system using a zener diode is shown in Fig. 56.2. The
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input voltageV, , infact, isthe unregul ated 1 R I .
output of arectifier. Thissimpleregulator & > YW\ >
restricts output voltage variations within L,y
reasonable limits around V, in the face of
changing load current or changing input v
voltage. Obviously, the Zener diode will N RS v,
T . Unregulated
regulatesolong asitiskeptinreversecon- g, 10 Vv, Regulated
duction. Output
Example 56.1. The Zener diode of o ° -
Fig. 56.2 has the following ratings : Fig.56.2
V, = 6.8V at I, = 50mA
r,=2Q at I, = 50mA
lming = SMA limaxy = 150 mMA
What would be the load voltage when load current |, varies from 10 mA to 120 mA ? Also,
calculate voltage regulation of the regulator. (Power Electronics|, Punjab Univ. 1992)

Solution. Wewill call V,=6.8V and |, = 50 mA as reference values and calculate changes in
voltage with respect to these values.

(i) 1, =120mA
Obviously, I, = 150-120=30mA
Deviation from 50 mA = 30-50=-20mA
Drops across diode = l,r,=-20x2=-40mV
V. = V,+1,.r,=68+(-40x10°) =676 V
(i) 1, =10mA
Now, I, = 150 -10=140 mA
Deviation from reference value= 140 — 50 = 90 mA
Diode drop = 15,=90x10°x2=0.18V
0 V, = V,+1r,=68+0.18=6.98V
6.98 - 6.76
%regn. = ~ 6% x100 =3.15%

For many applications, a change in load voltage of 3.15% is acceptable but, in some, it may be
intolerable. This regulation can be reduced to 1% or less with the help of circuits discussed below.

56.4. Transistor Series Voltage Regulator

Thecircuit isshownin Fig. 56.3. Itisalso
called emitter-follower regulator because the
voltage at the emitter follows the base voltage.
In this set-up, the transistor behaves like a vari-
able resistor whose resistance is determined by
the base current. It is caled pass transistor be-
causetotal current to be regulated passesthrough
it.

Keeping in mind the polarities of different
voltages, they are related by the equation de-
rivedfromKVL Fig. 56.3

V +Vge-V, = 0

- Regulated
Voltage

z
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0 Ve = V,-V,
(fixed)

When current demand is increased by decreasing R, V| tends to decrease. As seen from the
aboveequation, itwill increase Vg becauseV, isfixed. Thiswill increaseforward biasof thetransis-
tor thereby increasing its level of conduction. This, isturn, will lead to decrease in the collector-
emitter resistance of the transistor which will slightly increase the input current in order to compen-
satefor decreasein R sothat V| = (I, R) will remain at aconstant value. Incidentally, Risused for
limiting current passing through the Zener diode.

56.5. Controlled Transistor Series Regulator

Thecircuit employing asecond transistor T, asasensing elementisshowninFig. 56.4. It hasthe
additional feature of control withthe help of potentiometer R, — R,. Inthediscussion tofollow, it will
be assumed that | is much greater than | ;,. Now, thereisadrop of V| on (R, + R,) and adrop of (V,
+Vge,) &CrOSSR,,.

vio.  _ R*R
V, +Vge, R,

Now, (R, +Ry) and (V, +V g) both Control Element
have constant valuesso that V|, U 1/R.. rToTTTh
If the potentiometer is adjusted so that o—
R, decreases, then V| increasesandvice
versa.

SupposeR, isdecreased. Then, ||
increasesbut V| decreases. Decreases Eoinel
. . Element
inV, decreasesly,and|,. Assuming Vi |
|, to berelatively constant (or decreas- Unregulated 14
ing only slightly), Ig, is increased -
thereby decreasing theterminal (collec- Reference |
tor-emitter) resistanceof T,. Thisleads Element |
to decrease in V., thereby offsetting o ST L -y |
the decreasein V| which s, therefore, Regulated
returned to its original value. Voltage

In sequential logic, we have
"/ Igy L lep b lgy 1 Vg L V, 1

_R*R,

A R,

(VZ i VBE2)

56.6. Transistor Shunt Voltage Regulator

L I=(g+1.+]) R
It employsthetransistor in shunt con- Uspletly 8 Lt

figuration as shown in Fig. 56.5. u
Sincepath ABisinparalel acrossV

we have from Kirchhoff’s Voltage L aw
V, -V,—-Vg=0 Vin

or VBE - V|_ _VZ (fixed) Unregulated
SinceV , isfixed, any decreaseor in-

creaseinV, will haveacorresponding ef-

4

ol

fecton V.. Suppose, V| decreases, then B Regulated
as seen from the aboverelation, Vg also Output
decreases. Asaresult, | ; decreases, hence, Fig.56.5
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I (= Blg) decreases, thereby decreasing | and hence V, (= IR). Consequently, V| increases because
at all times
V,, = Viy+V, or V, =V;,— Vg
Insequentia logic, V, | Ve Ig ! Ic ! Ig ! A/ Vit
Samelineof logic appliesincase V|
triesto increase.
Example 56.2. In the NPN emitter-fol-
lower regulator circuit of Fig. 56.6, calcu-
late (i) V|, (ii) Vg (iii) 1z and (iv) power

1

Vin=12V dissipated. Take Vgg= 0.7 V.
Ry =100 Solution.
() V, =Vg=V,~ Vg
=9-07=83V
Fig. 56.6 (i) Vg =V,— Vo =12-83=37V
(iii) = 1=V /R
= 8.3/100 = 83 mA
(iv) Power dissipated = VI

3.7V x 83 mA =310 mW

Example 56.3. Compute the output voltage V,, for the op-amp series regulator shown in
Fig. 56.7. (Industrial Electronics, Bombay Univ. 1992)
Solution. We are given that V .

=6V andR,=R,=1K

6V

(M
L=

o »
Var = Veer (1+R/Ry) %11{ 10K
= 6(1 + 10/10) $
o—|+
=6x2=12V B
56.7. Transistor Current Regulator r
The main function of a current regulator isto 7 »S 10K

maintain a fixed current through the load despite ¢y,

variations in the terminal voltage. Such a circuit

employing a Zener diode and a PNP transistor is = =
shown in Fig. 56.8. Suppose, due to drop in V|, Fig. 56.7

current I, (= 1) is decreased. Thiswill decrease

I (O1). Hence, drop across R i.e. Ve Will decrease. As per Kirchoff’s Voltage Law

“Vge—VgetV, =0, or

ol

Transistor current regulator -
Fig. 56.8



@

2172  Electrical Technology

Hence, adecreasein Vg will increase V g and, hence, the conductivity of the transistor thereby
keeping |, at afixed level.
A similar logic applieswhen thereisincreaseinV, .

56.8. Variable Feedback Regulator

Theregulators considered so far provide a non-adjustable output voltage. Thiswould befineif
only single value of regulated voltageisrequired. Fig. 56.9 shows afeedback regulator which pro-
vides different values of regulated dc voltage. In
Fig. 56.9, T, is the pass transistor and T, is the
feedback transistor whose job is to provide and
sample output (i.e. load) voltage. It offsets any
changein the output voltage. Since potentiometer
R, is connected in parallel with Zener diode D, it
has Zener voltage V, applied across it. Voltage
across the wiper variesfromOto V,. Capacitor C
ensures that voltage across D and R; does not
change suddenly.

Fig.56.9 Voltage at the base of T, is 0.7 V more posi-
tivethan thevoltage at itsemitter. Itsemitter voltage and hence the base voltage can be changed with
the help of R,. Since base of T, istied to the output, it is responsible for providing output or load
voltage. The voltage V -, across the pass transistor is given by the difference of input voltage and
output voltage. The current through T, isequal to theload current. R, prevents saturation of transis-
torswhereas R, limitsthe current flowing through D.

The working of feedback transistor can be explained asfollows:

Since base voltage of T, isdirectly related to V, it will changeif V,, changes. The base and
collector of T, are 180° out of phase with each other. If base voltageincreasesduetoincreaseinV
collector voltage would decrease. Now, collector of T, controlsbase of T,. Asthebasevoltageof T,
decreases, its collector-emitter resistance increases which lowers the load current. This, in turn,
lowers the output voltage thereby offsetting the attempted increasesin V_ .. The opposite of these
steps provides the action of an attempted decrease in output voltage.

Example56.4. Inthe variable feedback regulator circuit of Fig. 56.8, V;,= 25V, V, = 15V and
R = 1K. If the wiper of R; is adjusted half-way and assuming silicon transistor, compute (i) V,,,
(@) 1, (i) 1g, (iv) Py.

Solution. (i) Vs

out*

voltage at wiper + Vgg, = (15/2) +0.7=8.2V

(ii) |, = VR =82V/1K=82mA
(iii) lg; = 1,=82mA
(iv) Verr = Vin~Vou
=25-82=168V
O P, = 168V x82mA
= 140 mW

56.9. Basic Op-amp Series Regulator

Itscircuitisshownin Fig. 56.10 and its operation
isasfollows:

The potentiometer R,-R; sensesany changein out-

Fig. 56.10
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put voltage V.. When 'V, attempts to decrease because of decreasein V; or because of the in-
creasein | , aproportional voltage decrease is applied to the inverting output of the op-amp by the
potentiometer. Since, the other op-amp input is held by the Zener voltage at a fixed reference
voltage V o, asmall difference voltage (called error voltage) is devel oped across the two inputs of
the op-amp. This difference voltage is amplified and op-amp’s outout voltage increases. This
increasein voltageisapplied to the base of T, causing the emitter voltage (= V) toincreasetill the
voltage to the inverting input again equals the reference (Zener) voltage. This action offsets at-
tempted decrease in the output voltage thus keeping it almost constant. The opposite action occurs
if the output voltage tries to increase.

Calculations

It will be seen that the op-amp of Fig. 56.10 is actually connected as a hon-inverting amplifier
whereV . istheinput at the noninverting terminal and the R,/R, voltage divider formsthe negative
feed-back network. The closed-loop voltage gain is given by A = 1 + (R,/R;). Neglecting base-
emitter voltage of T,, we get

Vot = Ve 1+RJ/Ry)

It is seen that V, depends on Zener voltage and potential divider resistors R, and R, but is

independent of input voltage V...

56.10. Basic Op-amp Shunt Regulator

Such ashunt typelinear regulator isshown R,
in Fig. 56.11. Here, the control element is a ’ YWWWWAA » *
seriesresistor R, and atransistor T, in parallel R, Vou
withtheload. Insuch aregulator, regulationis
achieved by controlling the current through T,. §

Working Vin

When output voltage tries to decrease due
to changein either theinput voltage or load cur- D R,
rent or temperature, the attempted decrease is
sensed by R; and R, and applied to the non-
inverting input of the op-amp. The resulting Fig. 56.11
difference in voltage reduces the op-amp’s output, driving T, less thus reducing its collector current
(shunt current), and increasing its collector-to-emitter resistance. Since collector-to-emitter resis-
tance actsasavoltage divider with R, thisaction offsetsthe attempted decreasein output voltage and
hence, maintains it at a constant value. The opposite action occurs when output voltage tries to
increase. The shunt regulator is less efficient than the series type but offers inherent short-circuit
protection.

56.11. Switching Regulators

In the linear regulators considered so far, the control element i.e. the transistor conducts al the
time, the amount of conduction varying with changesin output voltage or current. Dueto continuous
power loss, the efficiency of such aregulator isreduced to 50 per cent or less.

A switching regulator is different because its control element operates like aswitchi.e. either it
issaturated (closed) or cut-off (open). Hence, thereisno unnecessary wastage of power which results
in higher efficiency of 90% or more.

Switching regulators are of three basic types: (i) step-down regulator, (ii) step-up regulator and
(i) inverting regul ator.

@
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56.12. Step-down Switching Regulator

Inthisregulator (Fig. 56.12), V ,, isalwayslessthan V, . Anunregulated positive dc voltageis
applied to the collector of the NPN transis-
tor. A series of pulses from an oscillator is T L v
sent to the base of transistor T which gets satu-
rated (closed) on each of the positive pulses.
It is so because an NPN transistor needs a
positive voltage pulse onits basein order to
turn ON. A saturated transistor acts as a
closed switch, henceit allowsV; tosend cur-
rent through L and charge C to the value of
output voltage during the on-time (T,) of % L
the pulse. Thediode D, isreverse-biased at = =
this point and hence, does not conduct.

Variable
pulse-width
oscillator

Fig. 56.12

Eventually when positive pulseturns
to zero, T is cut-off and acts like an open
switch during the off period (T.p) of the
pulse. The collapsing magnetic field of the
coil produces self-induced voltage and keeps
the current flowing by returning energy to the
circuit.

Thevalue of output voltage depends
on input voltage and pulse widthi.e. on-time
of thetransistor. When on-timeisincreased relativeto off-time, C chargesmorethusincreasingV ;.
When T, isdecreased, C discharges morethusdecreasing V.. By adjusting theduty cycle (T,/T)
of thetransistor, V , can be varied.

O Var = Vin(Ton/T)
where T is the period of the ON-OFF cycle of the transistor and is related to frequency by T = 1/f.
Also, T =Tgy + Tope and theratio (T, /T) iscalled the duty cycle.

The regulating action of the circuit isasfollows:

WhenV _, triesto decrease, on-time of thetransistor isincreased causing an additional chargeon
the capacitor C to offset the attempted decrease. When 'V, triesto increase, T, of the transistor is
decreased causing C to discharge enough to off-
set the attempted increase. v L D, +V,

+

56.13. Step-up Switching Regulator

Thecircuit isshown in Fig. 56.13. When
transistor T turns ON onthe arrival of the posi-
tivepulseat itsbase, voltage acrossL increases
quickly to V=V gy @nd magnetic field of L
expands quickly. During on-time of the tran- «
sistor, V, keepsdecreasing fromitsinitial maxi-
mum value. The longer transistor is ON, the Ip, Ry
smaller V| becomes.

When transistor turns OFF, magnetic field - -
of L collapses and its polarity reverses so that Fig.56.13

Switching regulator in hybrid film technology

out*

out

in

Variable
pulse-width
oscillator
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its voltage adds to the input voltage thus producing an output voltage greater than the input voltage.
During off-time of the transistor, D, isforward-biased and allows C to charge. ThevariationsinV
due to charging and discharging action are sufficiently smoothed by filtering action of L and C.

It may be noted that shorter the on-time of the transistor, greater the inductor voltage and hence
greater the output voltage (because greater V| addsto V,,). On the other hand, thelonger the on-time,
the smaller theinductor voltage and hence, lesser the output voltage (because smaller V| addstoV,,).

The regulating action can be understood asfollows :

When V , tries to decrease (because of either increasing load or decreasing V, ), transistor on
time decreases thereby offsetting attempted decreasein V_ .. When V_ _ tries to increase, on-time
increases and attempted increaseinV , is offset.

As seen, the output voltage is inversely related
to the duty cycle.

O Vou = Vin (TMMoy)

out

out*

56.14. Inverting Switching Regulator

The basic diagram of such aregulator is shown
inFig. 56.14. Thisregulator providesan output volt-
agethat is opposite in polarity to the input voltage.

Whentransistor T turnsON by the positive pulse,
theinductor voltage V| jumpsto V;,—V gy and the
magnetic field of theinductor expandsrapidly. When

Inverting Switching Regulator

+V.

v D1 = transistor is ON, the diode D, is reverse-biased
andV, decreasesfromitsinitial maximum value.
Ri When transistor turns OFF, the magnetic field
collapses and inductor’s polarity reverses. This
forward-biases D,, charges C and produces a
negative output voltage. Thisrepetitive ON-OFF
action of the transistor produces a repetitive
Ry charging and discharging that issmoothed by LC
filter action. Asinthe case of a step-up regula-
== = tor, lesser the time for which transistor is ON,
Fig.56.14 greater the output voltage and vice versa.

Variable
pulse-width
oscillator

56.15. IC Voltage Regulators

Due to low-cost fabrication technique, many commercial integrated-circuit (IC) regulators are
available since the past two decades. Theseincludefairly simple, fixed-voltage types of high-qual-
ity precision regulators. These IC regulators have much improved performance as compared to
those made from discrete components. They have anumber of unique build-in features such as current
limiting, self-protection against overtemperature, remote control operation over a wide range of input
voltages and foldback current limiting.

Now wewill study thefollowing typesof | C voltageregulators: (1) fixed positivelinear voltage
regulators, (2) fixed negative linear voltage regulators, (3) adjustable positive linear voltage regula-
tors, and (4) adjustable negative linear voltage regulators.

56.16. Fixed Positive Linear Voltage Regulators
There are many |IC regulators available in the market that produces a fixed positive output
voltage. But 7800 series of IC regulators is representative of three terminal devices that are available

@
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with several fixed positive output voltages making them useful in a wide range of applications. Fig.
56.15 (a) shows a standard configuration of a fixed positive voltage | C regulator of 7800 series.
Noticethat it hasthreeterminalslabelled asinput, output and ground. Thelast two digits (marked xx) in
the part number designate the output voltage. For example, IC 7805isa+5V regulator. Similarly IC
7812isa+12V regulator and IC 7815isa+15V regulator. The capacitor C, (typically 0.33 uF) is
required only if the power supply filter is located more than 3 inches from the IC regulator. The
capacitor C, (typically 0.01 pF) acts basically as alinefilter to improve transient response.

Part Output
Number Voltage
7805 +5.0V
7806 +6.0 V
Input 78 XX Output 7808 +80V
7809 +9.0V
7812 +12.0V
G l 7815 +15.0V
= 7818 +18.0V
7824 +24.0V
= @ - (b)

Fig. 56.15
Fig. 56.15 (b) showsthe part number and the output voltage of 7800 series|C voltageregulators.
As seen from thisfigure, the 7800 series has | C regulators that can produce output voltages ranging
from+5.0to +24.0 volt. It may be carefully noted that although these regul ators are designed prima-
rily to produce fixed output voltage but they can be used with external components to obtain adjust-
able output voltage and current.

Fig. 56.16 showsthecircuit indicating

the use of 78XX as an adjustable voltage mput
regulator. The output voltage is given by
the equation, .

l }

Output

flxed
Val = flxed H + IQH R
For example, for a 7805 IC regulator,
Vixea =9 V. L&tR; =R, =1kQand15=5
mA, then its output voltageis,

Vg = 5+ (m+5mA) x 1kQ
=15V

Thus output voltage of 1C 7805 regulator can
be adjusted anywhere between 5V to 15 V.

This example indicates that the output of IC
7805 regulator is adjusted to 15 V using external
resistances R, and R,.

The standard 7800 series can produce output
current in excess of 1 A when used with adequate

Fig. 56.16

IC 7805 regulator
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heat sink. It isavailable in auminium can package TO-3 (indicated by K in the part number) and
plastic package TO-220 (indicated by T in the part number), The 78L 00 series can provide up to 100
mA andisavailablein TO-92 and metal TO-39 low profile packages. The 78M 00 series can provide
upto 0-5 A and isavailable in plastic TO-202 package. Fig. 6.17 showsthetypical metal and plastic
packagesfor the | C voltage regul ators.

PIN 1. INPUT
2. OUTPUT PIN 1. OUTPUT
3. GROUND 2. GROUND
3. INPUT
1
2 3 To-39 To-222 37 o9
1 % 3 ' (Case connected (All 3 Plastic Types)
to Pin 3) PIN 1. INPUT
(Bottom view) O 2. GROUND
3. OUTPUT
@ (°°
=
A== (Heatsink surface connected to PIN 2)
To-3 |
O
2
(Bottom view)
L ! PIN 1.V, 5. NC
gins 1 ar;lq iellectri.callly isolate.d from case. 3 3 2 GND 6. GND
ase is third electrical connection. 3 GND 7. GND
4.NC 8. Viy
Fig. 56.17

It may be noted that the input voltage for the IC e e
regulator must be at least 2V abovethe output voltage. | ali-wave rectification !
Thisis required in order to maintain regulation. The ! ﬂvﬁ e L i
. I
input voltage should not be more than 35 or 40 volts ! c < T ANVANY

| |
! |

depending upon the part number. Thecircuit insideall
the IC regulators have internal thermal overload pro-

t&tlon andShOI't-CerUlt CUI’rent-“mltlngfeatureS. Thef- I================================i
mal overload in al C regulator occurs whenever thein- Full-wave rectification

perature of the device exceeds a certain value.

In India, Bharat Electronic Limited, Bangalore 'QU&T ;
. ransformer :
manufacturesthe | C voltage regulatorswith output volt- :

agesof 5and 12 V. These are available in the market i A %

terna power dissipation becomesexcessiveand thetem- i Diode bridge
|
I

with part numbers BEL 7805 and BEL 7812 respec-
tively.

Fig 56.18 shows a picture of atransformer bridge
rectifier and voltage regulator in adc power supply.

56.17. Fixed Negative Linear Voltage Regulators

The 7900 series is typical of three-terminal |C regulators that provide a fixed negative output
voltage. Thisseriesisanegative-voltage counterpart of the 7800 series and shares most of the same
features, characteristics and package types. Fig. 56.19 (@) indicates the standard configuration and
Fig. 56.19 (b), the part numberswith corresponding output voltagesthat are availablein 7900 series.

@
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Part Output

Number \oltage

Input 79 XX Output 7905 _ 50 V
7905-2 -52V

o Gnd c 7906 -6.0V

: : 7908 -80V
7912 -120V
7915 -15.0V
7924 -240V

(@ (b)

Fig. 56.19

The capacitor C, (typically 0.22 yF) is required only if the power supply filter is located more

than 3inchesaway fromthelC regulator. The capacitor C, (typically 1 uF) isrequired for stability of
the output voltage. Both capacitors C, and C, must be solid tantalum capacitors.

Fig. 56.20 shows the use of 79XX to

produce an adjustable output voltage. The

capacitor C, (typically 25 pF) improvesthe  Input 79 XX Output
transient response of the output voltage.
The output voltage is given by the equa- .

1 }

tion,
_ OR, + R0
Var = Vi 5 R B
The recommended value of R,, for
7905is300 Q, for 7915, itsvalueis 750 Q
and for 7915is 1 kQ. = =
In India, BEL manufactures |C regu- Fig. 56.20
latorswith output voltage of -5V and —12
V. These are available in the market with part numbers BEL 7905 and BEL 7915 respectively.

56.18. Adjustable Positive Output Linear Voltage Regulators

We have already seen in Art. 56.16 that by adding external resistors, we can adjust the output
voltage of 7800 series | C regulators higher than their fixed (or set) voltages. Fot example, the output
voltage of 7805 can be adjusted higher than 5 V. But the performance and reliability of 7800 series
to produce voltage higher than its fixed value is not considered to be good.

TheLM 317 and LM 723 are|C regulatorswhose output voltage can be adjusted over awide range.
Theoutput voltage of LM 317 can beadjusted from 1-2V to 37V, it can supply output current of 100 mA
and is available in TO-92 package i.e,, it is aso a 3 terminal 1C regulator. On the other hand, the
output voltage of LM 723 can be adjusted from 2 V to 37V, it can supply output current of 150 mA
without external transistor. But with the addition of externd transistor, the output current capability can
be increased in excess of 10 A. The LM 723 is available in dual-in-line package and in a meta can
package.

Fig. 56.21 (&) shows the LM 317 connected to the external resistors R, and R, to produce an

adjustable output voltage.
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+V. +V +V.
n LM 317 o %ul ° n
Rl
Ad.
R2
(@) (b)
Fig. 56.21

Inoperation, the LM 317 developsaconstant 1-25 V reference voltage (V ) between the output
and adjustment terminal. This constant reference voltage produces aconstant current, () through
R,, regardless of thevalueof R, Fig. 56.20 (b). Noticethat the value of current through R, isthe sum
Of g and | o5, Where | . isavery small current at the adjustment terminal. The value of |, is
typically around 100 pA. It can be shown that the output voltage.

RO
Vi = VREF%+?iH+IADJ'R2

Itis evident from the above equation that the output voltageisafunction of R, and R,. Usually
thevalue of R, isrecommended to bearound 220 Q. Oncethevalue of R, isset, the output voltageis
adjusted by varying R,

Example56.5. Calculatethe minimumand maxi- V. iV,
mum output voltages for the IC voltage regulator o——— LM 317
shown in Fig. 56.22. Assume | ;= 100 pA, V;, =
+ 35 V. AD]

Solution. The equation for output voltage of the
IC voltage regulator is given by,

_ R0
Var = Veer %H'EH tlaps- R
When R, is set at its minimum value (i.e. 0 Q),
the output voltage,

Fig. 56.22

Vougin = 125 (1 ¥ %0) +(100%x 1079 x 0

125V
When R, is set at its maximum values (i.e. 5 kQ), the output voltage,

5000 :
Voummy = 1.25 (1 + 2—20) + (100 x 10™°) x 5000

29.66 + 0.5=30.16 V.

56.19. Adjustable Negative Output Linear Voltage Regulators

A good exampl e of thistype of regulatorsisLM 337. Theregulator isanegative output counter-
part of LM 317. TheLM 337 (like LM 317) requires two external resistors for adjustment of output
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voltageasshownin Fig. 56.23. The output voltage
can be adjusted anywherefrom-1.2V to-37V -V,
depending upon the external resistor values. °

The LM 723 can also be used as an adjustable
negative output voltageregulator. Theoutput volt-
age of this | C regulator can be adjusted anywhere
from-2.0V to -37 V depending upon the external
resistor values.

56.20. Use of External Pass Transistor
with Linear Voltage Regulators

We have aready mentioned in the last two ar-
ticles that a linear voltage regulator (7800 and 7900 series) is capable of delivering only a certain
amount of output current to aload. For example, the 7800 series regulators can handle a maximum
output current of at least 1.3 A andtypical 2.5A. If theload current exceedsthe maximum allowable
value, there will be a thermal overload and the regulator will shut down. A thermal overload
condition means that there is excessive power dissipation inside the regulator.

If an application requires alarger value of load current than the maximum current that the regu-
lator can deliver, we will have to use an external pass
transistor asshownin Fig. 56.24. Thevaueof R, (cur-
rent-sensing resistor) determines the value of current at
which the external passtransister (T,,,) beginsto conduct
because it sets the base-to-emitter voltage of the transis-
tor.

Aslong asthecurrentislessthan thevalueset by R,
g thetransistor T, is off and the regulator operates nor-
L - .

mally. Thisisbecausethevoltagedrop acrossR,,; isless

= than 0.7 V (i.e. the base to emitter voltage required to

turn T, on. Thevalueof R, isdetermined by the equa-

tionR,,,=0.7V/l ,, wherel . isthemaximum value of
current that the voltage regulator is to handle internally.

Whenthe current is sufficient to produce at least a0.7 V drop acrossR,,, thetransistor T, turns
on and conducts any current in excessof | . Thetransistor T, will conduct current depending on
the load requirement. For example, if the total load currentis5 A and |, was selected to be 1 A,
then the external pass Transistor (T,,,) will conduct 4 A of current through it.

It may be noted that the external pass transistor is apower transistor with heat sink that must be
capable of handling a maximum power given by the equation,

Pt = let(Vin=Vou

One major drawback of the circuit shown in Fig. 56.24 isthat the external pass transistor is not
protected from excessive current, such aswould result from ashorted output. This drawback can be
overcome by using an additional current limiting circuit as shown in Fig. 56.25.

Fig. 56.23

Fig. 56.24

The operation of this circuit may be explained asfollows. The current sensing resistor, R sets
the base-to-emitter voltage of T, .. The base-to-emitter voltage of T, is now determined by

(VRM - VRim) because they have opposite polarities. So for normal operation, the drop across R,
must be sufficient to overcome the opposing drop across R,

@
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Current-limiting !
L__(ii@u_it___l RL

Fig. 56.25

If the current through T, exceeds acertain maximum value, (I o, (yay) Pecause of ashorted out-
put or afaulty load, the voltage across R, reaches 0.7 V and turns T;; - on. Asaresult, T, now
conducts current away from T, and through the regulator. Thisforces athermal overload to occur
and shut down the regulator. Remember, the I1C voltage regulator circuitry is internally protected
from thermal overload as part of its design. Thisway the external pass transistor is protected from
excessive current.

56.21. Use of Linear Voltage Regulators as a Current Regulator

The 3-terminal linear voltage regulator can be used as a current source when an application
requires that a constant current be supplied to a variable load. The basic circuit is shown in Fig.
56.26. Here R, is the current-setting resistor. The regulator provides a fixed output voltage, V
between the ground terminal and the output termi-
nal. However, it may be noted that the ground pin
of the regulator is not connected to the circuit V: in Linear voltage AAA A

ground. The constant current supplied to the load, Regulator T
isgiven by the equation, Gndpin l ILl R,
I
IL = VOUt + I - =
R ©

. Fig. 56.26
Usually the current, | is very small as com- ¢

pared to the output current and hence can be neglected, therefore

I ~ VOUt
L
R
For example, if we use 7805 regul ator to provide aconstant current of 1 A to avariableload, then
5
R, = ==5Q
1 1 5

Please note that input voltage must be at least 2 VV greater than the output voltage. Thusfor 5V
regulator, V;,, must be greater than 7 V.

56.22. Switching Voltage IC Regulators

There are several switching voltage | C regulators available in the market. The choice depends
upon the desired application and the cost. However, we will illustrate it with the IC 78340. This
deviceisauniversal devicethat can be used with external componentsto provide step-up, step down
and inverting operation.

Fig. 56.27 showstheinternal circuitry of the |C 78C40. The circuitry can be compared to the
basic switching regulatorsdiscussed in Art. 56.12, 56.13, and 56.14. Asseen from thisdiagram, the
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oscillator and comparator functions are directly comparable. The logic gate and flip-flop in the
78540 were not included in the basic circuit of Fig. 56.12, but they provide additional regulation.
Transistor T, and T, perform the samefunction as T inthe basic circuit. The1.25V reference block

in the 78540 has the same purpose as that of the zener diode in the basic circuit and diode D, in the
78540 corresponds to D, in the basic circuit.

Noninvert Invert Timing ka Driver  Switch
input input Gnd cap cc sense  collector collector

ITIIWIITIIWII_II_II_II_I

|
Oscillator! D_ S Q -
Flip-flop > 2
9R

refirence
(8] [7] Lef [s] [ef [s] [2] [4]

Reference Invert Noninvert Vo Output  Switch  Anode Cathode
voltage  input input  op-amp emitter

Fig. 56.27

The circuitry of 78540 has also an uncommitted or unused OP-AMP. We require external cir-
cuitry to operate this device as aregulator.

5] ITO‘IIT% ?7 1° el 5] [ie

o
Oscillator _D_ S Q -

Flip-flop > 2

@w L 4R

in

O\

4\_;;_1 Ll L] [s] L] [5] E’_N—‘
R, - i ©

Fig. 56.28
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Fig. 56.28 shows the external connections of the |C 7840 for a step-down switching regulator
configuration. Notethat in this configuration the circuit produces an output voltage which islessthan
input voltage.

Fig. 56.28 shows the IC 78340 connected to the external components for a step-up switching
regulator configuration. In this case the output voltageis greater than the input voltage. An invert-
ing configuration is also possible but is not shown here.

In both the circuits of Fig. 56.27 and Fig. 56.28, the capacitor C (called timing capacitor)
controls the pulse width and frequency of the oscillator and thus establishes the on-time of transistor
T,. The voltage across the resistor R (called current-sensing resistor) is used internaly by the
oscillator to vary the duty cycle based on the desired peak current. The voltage divider made up of
R, and R, reduces the output voltage to a value equal to the reference voltage. If the output voltage
(Vo) exceedsits set value, the output of the comparator switchesto the low state, disabling the gate
to turn T,, off until the output decreases. Thisregulating actionisin addition to that produced by the
duty cycle variation of the oscillator.

9 IT(TITH??\ ILIV

Oscillator _D_

| L

V.
O

in

1.25V
reference
T 0 T BT BT GT G
RZ
A%

iRl = CO

Fig. 56.29

oV,

Tutorial Problems No. 56.1

1. The Zener diode of Fig. 56.30 has the following ratings :

V, = 15V at I, = 17mA
r, = 14Q at I, = 17mA
Ly = 025MA Ly = 66MA

What would be the load voltage when load current |, varies from 1 mA to 60 mA. Also calculate the
voltage regulation of the regulator.
(14.846 V, 15.672 V, 5.27%)
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+15V
| R IL ° /7~ 2\ +Vout
’ am N 7
130 O
Y, 1-8 kQ 22 kO
Vv R V.
= IN 4744 L% L
=§ 18 kQ
. L AN :
Fig. 56.30 Fig. 56.31

2. Determine the output voltage, V, for the op-amp series regulator shown in Fig. 56.31.
(7.3V)
3. Calculate the minimum and maximum output voltages for the |C voltage regulator shown in Fig. 53.32.
Assume | ;=50 YA, V, =+35V, Ve =12V 125V, 12.71V)

+35V
o— W |

o——— 7812

o Gnd

Fig. 56.32 Fig. 56.33

4. Fig. 56.33 shows the circuit of acurrent regulator. What value of R, is necessary to provide a constant
current of 1 A. (12 Q)

OBJECTIVETESTS —-56

1. Themainjob of avoltageregulator isto provide 4. In aZener diode shunt voltage regulator, the di-

anearly—output voltage. oderegulatessolong asitiskeptin............. con-
(@) sinusoidal (b) constant dition.
(c) smooth (d) fluctuating. (@) forward (b) reverse

2. A 10-V dc regulator power supply has aregula- (c) loaded (d) unloaded
tion of 0.005 per cent. Its output voltage will . Thepower efficiency of aswitching voltageregu-
vary within an envelope of .................... milli- lator is much higher than that of alinear regula-
volt. tor because it operates.
(@ =25 (b) £05 (a) insaturation  (b) incut-off
(¢ =5 (d) +£0.05 () likeaswitch  (d) onhighduty cycle.

. Anideal voltage regulator has a voltage regula-
tion of

@ 1
(c0 50

(b) 100
(d) o.

. A transistor seriesvoltageregul ator is called emit-

ter-follower regulator because the emitter of the

pass transistor followsthe ................... voltage.
(a) output (b) input
() base (d) collector
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1.

12.

. In an op-amp series voltage regulator, output

voltage depends on

(@) Zenervoltage

(b) voltagedivider resistors
(c) output voltage

(d) both (a) and (b)

. Inafeedback seriesregulator circuit, the output

voltage isregulated by controlling the
(8 magnitude of input voltage

(b) gain of the feedback transistor
(c) referencevoltage

(d) voltage drop across the series pass tran-
sistor

. An op-amp shunt regulator differs from the se-

ries regulator in the sense that its control ele-
ment is connected in

(8) serieswithlineresistor

(b) paralel with line resistor
(c) pardle withload resistor
(d) parale with input voltage.

A switching voltage regulator can be of thefol-
lowing type :

(@) step-down (b) step-up

(c) inverting (d) all of the above

In an inverting type switching regul ator, output
voltageis ... input voltage.

(@) lesser than (b) greater than

() equato (d) opposite to.

The output voltage of a step-down type switch-
ing voltage regulator depends on

(8 inputvoltage (b) dutycycle

(c) transistor on-time(d) al of the above.

@
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13. Ascompared to voltage regulators made up of

discrete components, | C regulators havethein-
herent advantage/s of

(@) self protection against over-temperature
(b) remote control

(c) current limiting

(d) dl of the above

14. A 12V monolithic regulator is adjusted to ob-

tain a higher output voltage as shown in Fig.
56.34. The V,will be

7812 * "
ls A 1kO0
V0
1 kO
Fig. 56.34
(@ 12V (b) 17V
(© 24V (d) 29V
15. A three termina monoalithic I1C regulator can
be used as
(@) an adjustable output voltage regulator
aone

(b) anadjustableoutput voltage regul ator and
acurrent regulator

(c) acurrent regulator and a power switch
(d) acurrent regulator alone

ANSWERS

1) 2 (@ 3 (d 4 ® 5@ 6() 7@ 8 (d 9 (@ 10 (d 1. (d) 12. (d)
13. (d) 14. (d) 15. (d).
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