VOLTAGE REGULATOR

m INTRODUCTION ; ' |

The function of a voltage regulator is to provide a stable dc voltage for powering other electronic

creuits. A voltage regulator should be capable of providing substantial output current. Voltage
regulators are classified as:

Series regulator
Switching regulator

Series regulators use a power transistor connected in series between the unregulated dc
mput and the load. The output voltage is controlled by the continuous voltage drop taking
place across the series pass transistor. Since the transistor conducts in the active or linear
region, these regulators are also called linear regulators. Linear regulators may have fixed
or variable output voltage and could be positive or negative. The schematic, important
characteristics, data sheet, short circuit protection, current fold-back, current boosting
techniques for linear voltage regulators such as 78 XX, 79 XX series, 723 IC are discussed.

Switching regulators, on the other hand, operate the power transistor as a high frequency
on/off switch, so that the power transistor does not conduct current continuously. This gives
’mprpved efficiency over series regulator. In Sec. 6.4, the principle of switching power supply
nd its advantages over linear type of voltage regulator are discussed.

& series op-amp REGULATOR I
) {W'hage regulator is an electronic circuit that provides a stable dc voltage independent of
* load current, temperature and ac line voltage variations. Figure 6.1 shows a regulated

Po%er supply using discrete components. The circuit consists of following four parts:
rl' Reference voltage circuit

- JTror amplifier
i1' ‘Fel‘les Pass transistor
- Yeedback network.
Cvtoiin be }seem from Fig. 6.1 that the power transistqr @, 1s in series with the unregulated
thege t'c\lge V. and the regulated output voltage V. So it must absorb the difference between
Y0 voltages whenever any fluctuation in output voltage V, occurs. The transistor Q,

.
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is also connected as an emitter follower and therefore provides sufficient current gajn to
the load. The output voltage is sampled by the R, - R, divider and fed back to th
(=) input terminal of the op-amp error amplifier. This sampled voltage, 1s compared With the
reference voltage Vi, (usually obtained by a zener diode). The output V' of the error ampliﬁei
drives the series transistor @,.
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_____________ transistor)
RO : Vln Q1 Vo

Fig. 6.1 A regulated power supply

If the output voltage increases, say, due to variation in load current, the sampled voltage
BV, also increases where

R,

B=R1+R2

(6.1)

This, in turn, reduces the output voltage Vo' of the diff-amp due to the 180° phase difference
provided by the op-amp amplifier. Vo' is applied to the base of @,, which is used as an emitter
follower. So V, follows V., that is V, also reduces. Hence the increase in V, is nullified.
Similarly, reduction in output voltage also gets regulated.

With the advent of micro-electronics, it is possible to incorporate the complete circuit of Fig.
6.1 on a monolithic silicon chip. This gives low cost, high reliability, reduction in size and
excellent performance. Examples of monolithic regulators are 78 XX/79 XX series and 723
general purpose regulators.

6.3.1 Fixed Voltage Series Regulator

78 XX series are three terminal, positive fixed voltage regulators. There are seven output
voltage options available such as 5, 6, 8, 12, 15, 18 and 24 V. In 78 XX, the last two numbers
(XX) indicate the output voltage. Thus 7815 represents a 15V regulator. There are also
available 79 XX series of fixed output, negative voltage regulators which are complements
to the 78 XX series devices. There are two extra voltage options of —2 V and — 5.2 V available
in 79 XX series. These regulators are available in two types of packages.

Metal package (TO — 3 type)

Plastic package (TO - 220 type)
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Voltage Regulatori

Jjgure 6.2 shows the standard I‘epl‘e_sentation of monolithic voltage regulator. A capacitor C;
033 uF) is u§uauy cgnnected between input terminal and ground to cancel the inductive effects
fiu o to long distribution leads. The output capacitor C, (1 uF) improves the transient response.
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Fig. 6.2 Standa_rq representation of a three terminal
positive monolithic regulator

National Semicoqductor also produces three terminal voltage regulators in LM series. There
ure three series available for different operating temperature ranges:

M 100 seriles  —55°C to  +125°C

M 200 series —-25°C to +85°C

M 300 series 0°C to +70°C

The popular series are LM 340 positive regulators and LM 320 negative regulators with
output ratings comparable to 78 XX/79 XX series.

Characteristics
There are four characteristics of three terminal IC regulators which must be mentioned.
1. V, : The regulated output voltage is fixed at a value as specified by the manufacturer.

There are a number of models available for different output voltages, for example, 78

XX series has output voltage at 5, 6, 8 etc.

2. 1V, 2|V,| + 2 volts: The unregulated input voltage must be atleast 2 V more than
the regulated output voltage. For example, if V, =5V, then V;; = 7V.

3. I, (may: The load current may vary from 0 to rated maximum output current. The IC is
usually provided with a heat sink, otherwise it may not provide the rated maximum

output current.

1. Thermal shutdown: The IC has a temperature sensor (built-in) which turns off the IC
when it becomes too hot (usually 125° C to 150°C). The output current will drop and
remains there until the IC has cooled significantly.

'Table 6.1 gives the electrical characteristics of 7805 voltage regulator and the connection

diagram of packages available. Some of the important performance parameters listed in the

data sheet are explained as follows:

Line/Input Regulation

}t i.s defined as the percentage change in the output voltage for a change in the input voltage.
tl? usually expressed in millivolts or as a percentage of the output voltage. Typical value
of line regulation from the data sheet of 7805 is 3 mV.
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Table 6.1 Electrical characteristics of 7805 voltage regulator

Absolute Maximum Ratings
Input Voltage (5 V through 18 V)
(24 V)

Internal Power Dissipation
Storage Temperature Range
Operating Junction

Temperature Range

1A7800

uA7800C

7805C

Electrical Characteristics 1, = 10 V, Ioyr = 500 mA, 0°C <

otherwise specified.

BV \
40 V

Internally limited \
—65°C to +150°C

-55°C to +150°C
0°C to +125°C

T < 125°C, Gy = 0.331F Gur = 0.1 bF unjess

. \
Characteristic Condition Min Typ Max  Unit
Output Voltage T, = 25°C 48 50 52 V
AR 3 100 mv
Line Regulation Ty = 25°C
BV<hys12v 13 m
SMA<h;<15A 15 100 mv
Load Regulation 7y = 25°C
250 mA < Iy < 750 mA 5 5% mv
7V Yys20V
Output Voltage SMA< Ly <10A 475 525 Vv
P<ISW
Quiescent Current 7y = 25°C 42 80 mA
with line 7V < Yy <25V 13 mA
Quiescent Current
Change with load 5 mA < L1 < 1.0 A 05 mA
Output Noise Voltage Ta = 25°C, 10 Hz < 1 < 100 kHz 40 uv
Ripple Rejection f=120Hz, 8V < Yy<18V R B dB
Dropout Voltage Lyr = 1.0 A, Ty = 25°C 20 v
Output Resistance f=1kHz 17 mQ
ﬁ)rt-&rcuit Current T =25C Yy =35V 750 mA
Peak Outpui Current T, = 25°C 22 A
Average Temperature lur = 5 mA, 0°C < T < 1250
¢ uT 7 S S 5°C . o
Coefficient of Output Voltage : H A

Metal can package
aluminium

Plastic package
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Regulation

is defined a8 the change in output voltage for a change in load current and is also expressed
It ;nﬂlivolts or as a percentage of V.. Typical value of load regulation for 7805 is 15 mV for

5mA < Io <15A.

Load

- pipple Rejection
The IC regulator not only keeps the output voltage constant but also reduces the amount of
voltage. It is usually expressed in dB. Typical value for 7805 is 78 dB.

The Schematic diagram of MC 78 XXC* is shown in Fig. 6.3. The circuit consists of a
reference voltage V.- This circuit basically consists of level shifter with zener diode input
and the transistor Qo used as emitter follower buffer. The circuit enclosed in the shaded
region is a difference amplifier consisting of a current mirror (@, €5), and an active load (Qg,
Q.. @p)- The combination of R, R, forms the feedback network for sampling the output voltage.
Ttlxe sampled voltage is fed to one of the inputs of the difference amplifier. The Darlington
pair @ Q" forms series pass element @, of the circuit shown in Fig. 6.1.

r'lpple
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Q 14— Q| @
E?i* Q Protection
; R, circuitry
3.3kQ 200 %Ra R 03
—0—6—<2> Output, V,

g
wn
Ff i g
o
Feedback
2.7kQ network
R,
5kQ
RS
500 3
‘.__lO—— —O——0 GND
——
Reference DIFF AMP
Vv

ref

Fin. 6.2 Schematic diagram for MC 7800C series monolithic regulator
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The monolithic regulator has in-built circuitry enclosed in the solid line
Over-current protection.

Provige,

Thermal overload protection.

Current is limited by R;, R, and transistor @,. If the output voltage goes Jow due
the excess voltage appears across the pass element (Q"-Q"), that is, across the colleto OVerlogy,
of @”. When this voltage is more than the break-down voltage of the zener diode E)tor,emitter
conducting. This provides sufficient base current to transistor @, and drives it op, No ptg
of the collector current of @, when fully on, current flowing to the base of Q’ is.re d‘l‘l’» becy
in turn reduces the conduction of @”. Thus the volt-ampere product of the pas ced. T,
(Q"-Q”) is limited. s elemen(

The thermal overload protection is provided by the resistor Ry and transistor Q.. Th
drop across resistor R; is directly applied to the base-emitter of @,. When the tem:)era
high, @; conducts more, thereby reducing the base drive of @’Q” combination. This
thermal protection.

Provideg

Current Source

The three terminal fixed voltage regulator can be used as a current source. Figure 6.4 (a) shows

the circuit where 7805 has been wired to supply a current of 1 ampere to a 19
10 watt load. '

where I is the quiescent current and is about 4.2 mA for 7805. (See Table 6.1)
Vi
L= FR +1q 6.3)
1nce IL =1 A, E 1A (IQ << IL) (64)

Also Vi = 5V (Voltage between terminal 2 and 3)

Vv
Drop out voltage I n

V,V,=2V
R*% P Ve
Input, V,, | 5 Y Q
i 1

V, Output

wi

(b)

Fig. 6.4 (a) IC 7805 as a current source (b) Boosting a three terminal regulator

So the value of R required is 65
R=5V/I1IA=5Q
Thus choose R = 5Q to deliver 1 A current to a load of 10 Q.




NoregeaRepuistor,
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f jcisp ossible to boosf the putput currept of a three terminal regulator simply by connecting an
| esternal pass transistor 1n pz‘iral!el with the regulator as shown in Fig. 6.4 (b).

"Lt us now see how the circuit works. For low load currents, the voltage drop across R,

s insufficient (<0.7 V) to turn on transistor @, and the regulator itself is able to supply the

Joad current.\However.. as I, increases, the voltage drop across R, increases. When this

| oltage drop 1S approximately 0.7V, the transistor @, turns on. It can be easily seen that

L E 100 mA. the voltage drop across R, is equal to 7Q x 100 mA = 0.7V. Thus, if I,

;ncreases more than 100 mA, the transistor @, turns on and supplies the extra current

- required. Since VEB (on) remains fairly constant, the excess current comes from @,’s base

- gfter amplification by B. The regulator adjusts I so that

L =I+1 (6.6)
. and 1. = Bly (6.7)
For the regulator,
I, =1 - I
= I, (as I, is small) (6.8)
Also Igp=LE-IL
Vi
-1, - EB (ON) ©6.9)
R,
Simplifying, we get
VEB (0N)
IL=B+DI,-p—— (6.10)
R,
The maximum current I, .y for a 7805 regulator is 1 A from the data sheet. Assuming
Vigon = 1V and B = 15, we get from Eq. (6.10)
I =16x1-15x (1/7) =138 A (6.11)
BExample 6.1
- InFig. 6.4 (b), let Vis oy = 1 V and B = 15. Calculate the output current coming from 7805
and ], coming from transistor @, for loads 100Q, 5Q, 1Q.

i Solution

Load =100 Q

- For 7805, the output voltage across the load will be 5 V.
I, = 5V/100Q = 0.05 A = 50 mA

The voltage across R, is 7Q x 50 mA = 350 mY which is less than 0.7 V. Hence @, is off.
g & I, =1, = I = 50 mA
L ang

I =0
Load = 5Q

I, =5V5Q=1A
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