Voltage Regulators

The purpose of a voltage regulator is to provide a constant dc output that is practically
independent on the variations of: the input voltage, output load current and temperature.

In Romanian the circuit is called “Stabilizator de tensiune” io
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The two fundamental classes of voltage regulators are: . K(ﬂmﬁ?
- linear regulators and Vll cgwiator l"o Ry,
- switching regulators.
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Voltage Regulators Parameters

The two basic aspects of voltage regulation are: line regulation and load regulation.
Line regulation can be defined as the percentage change in the output voltage for one volt

change in the input (line) voltage (measured in %/V): LineRg = AVVO }_\OO
0 BV

Load regulation can be defined as the percentage change in output voltage for a given

change in current (e.g. from no-load “Nz” to full-load “FL"): LoadRg = %i-loo.
7L

For small variations of the output voltage the differentials can be used and:

v —d;—R ‘dip +TC-dT .

From this equation, the parameters of the voltage regulator can be found:

S= v - The S factor, regulation coefficient (Romanian: coeficient de stabilizare);
oy ar=o
R, = —@ - The output resistance (or internal resistance of the source),
410 | gy, a0
TC = 62;? - The thermal coefficient, (Romanian: Sy, coeficient de temperatura).

dVI,dVOZO
The small variation parameters of the regulator can be computed using the small signal
equivalent circuit.

Linear Regulators
There are two basic types of linear regulators: series regulator and shunt regulator.

The Zener Diode Voltage Regulator R i io

This is the simpler shunt regulator; it consists on a iz
Zener diode in parallel with the load and a series - ivl ( lvo Ry,
resistor (between input and output). vy

Input voltage variations and output current variations o> ' 0% —-

are converted by the circuit in Zener current variations. As long as: 7y min <77 <Izmax , the
Zener voltage is almost constant. vy =ct=17 and vp=vz=ct.




The small variation parameters of the voltage the regulator are o .R,, d,fo o
computed based on the small signal equivalent circuit, where the X
Zener diode is replaced by its dynamic resistance: ld‘f’s Ty i; ld"o
S= v Ry = & (the voltage divider rule); ¢ ©
dvp dip=0 'z Tz
R, = —j& =ry | R = ry; the approximations are correct for the usual case: r; <<R.
IO dvIZO

The output resistance of the voltage regulator depends directly on the dynamic resistance
of the Zener diode (de aceea in romana circuitul se numeste “Stabilizator parametric”).

The Series Voltage Regulator VI Control Vo
The control element is in series with the load; element
between input and output. The sample circuit or
senses a change in the output voltage. The i
error detector compares the sampled voltage Amplifier
with a reference voltage and causes the 7
control element to compensate in order to Ve
maintain a constant output voltage: Ref. Vr | Error lk'VO Sample
va=Vr kvp=0 and vp=Vp/k=ct. voltage ”| detector | circuit
L L

The Emitter-Follower Series Regulator

The simplest series regulator consists on an emitter-follower and a Zener diode regulator
(that provides the reference voltage). The circuit is presented in the next figure.
The output voltage is constant: v, =17 - Ipp=ct.

o
The emitter follower reduces the output current variation -
by a factor of #: Aiy = Ao
£ Vo SR
The load current pass through the series transistor, the
voltage across the series transistor is. vog=v;—vy and
the power dissipation is: Pp=veg-ig=(vi—vo )-io. T = o
Q is a power transistor and it is often used with a heatsink.
The regulator parameters can be found from the small-signal equivalent circuit:
g=i|  _w _ Rtz (R, Bl
dve dip=0 v, i 0 ry ry : | 4 : '
. R2 ce¢
Roz_d‘fo __Y =(’be+RH f’z_)'fbgfbeJr’”Z:LJrz_ ), T . A N
dIO dv[:() 10 Vizo (ﬁ+1)1b ﬂ+1 gm ﬂ > !
The S factor can be much greater than that of the zener regulator, A 2% .
because R can be much greater, beeing passed by the Zener L

current, that is much lower than the output current.



The output resistance is much smaller than for the zener regulator, the dynamic resistance
of the zener beeing reduced by the high g factor (and 1/g,,=r, has a very low value).

The Basic Op Amp Series Regulator
The reference voltage I’ is the input of the 0
noninverting amplifier and the R,/R, voltage vy N

divider forms the negative feedback network. R
The ideal closed loop gain is: 72
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Therefore the regulated voltage is a constant DA
value determined by the Zener voltage and
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the resistor ratio:. vy = (HR%}VR'
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The Short-Circuit or Overload Protection
If an excessive amount of load (output) current is drawn, the series-pass transistor ¢ can
be quickly destroyed. One method of current limiting to prevent overloads is the “constant

current limiting”; it consists of transistor (> and resistor R3 v, Q1 Ry o Vo
of the circuit in the next figure. ] T
The voltage load through 23 creates a voltage from base RHE 02

to emitter of O>. For normal load current the voltage drop |
across R3 is small and Q- is off. When i, reaches the
limiting value, the voltage drop across Rj3 is sufficient to turn on O>. Enough (' base
current is diverted into O, so that i, is limited to its maximum value:

Lo 2Vp 07

Omax = R3 R3 :

Since vpp voltage is limited to about 0.7 V for a silicon transistor, the voltage drop across
R3 is held to this value and the load current is limited to /o max.

Application e
VR - P1.
1. Inthe next figure consider /7=10V and ;._7'
Vep=0.7V. What is v,7?
2. If =50 and Ry =22 Q what is the base current L - — >0 O — -

L
and the zener current for ;=10 V? =

3. If vy varies from 10 to 15 V and R; varies from 22 Q to 500 Q what is the maximum
power dissipation in the transistor, in the Zener and in R7?

4. Ry changes from 22 Q to 500 Q. If £=50 and r, =3 Q, what is the approximate
change in output voltage and the load regulation (expressed in %)?



1. Vp=Vy—Vpr=6.8—0.7=6.1V.
_V 1
2. ig=ig+ip. iy =ig —ig :"ITZ—’Q=11.9m—5.5m=6.4mA;

_10-6,1

. Vo 6.1 i  277m
[O_ = =— =

=11.9mA, jp =" =2"=0277A-277mA, iz =< 5.5mA.
270 R, 22 g 50

3. The transistor power dissipation is: Py =veg -ip =(v; =V )i

Its maximum power dissipation is: Pyons = (s —Vo ) iony =(15-6.1)-0277 =247 W.

The zener diode power dissipationis: Pyy =V, iy =17, -(ﬂ— %J; its maximum is:

R
Ping =Vz- vt =Vz _ Vo )_ce (13768_ 61 N _o0w
R P Rr 270 50-500
2
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The resistance power dissipation is: Py = %;
2 2

. T -V 15-6.8

lts maximum power dissipation is: Ppas = (g - ) _( — y_ 0.25W.

4. With Iz =ct, the output voltage v, is modified because of v, variation (produced by i,
variation). To simplify the computing we will consider a constant v; (=17 ) when computing
the zener current variation, Ai;. The limits of the zener current are given by the limits of the

output current (load resistance limits); the minimum zener current has been computed for
the maximum load current (minimum load resistance) at point 2. The maximum zener
current results for the minimum load current (maximum load resistance):

V7 iom; v, 6.1
iy = L2 _fomin _ PO )9 =11.9m—502m=11.7 mA,
R ﬁ ﬂ'RLmaX 50'500
. Avp, 26.5m
Avy =77 -Aiy =5-(11.7-6.4)m=26.5mV . LoadRg = — 100 100 = 0.43 %.
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