Don’t shun the shunt regulator. it may have
lower efficiency than the series type, but its advantages
in some applications outweigh its shortcomings.

More often than not, modern power supplies
use series regulation; because of its inherently
high efficiency. Yet the shunt regulator may fill
the bill better in the long run. In some applica-
tions its desirable features outweigh its dis-
advantages. Consider these excellent qualities of
the shunt regulator:

m Inherent short-circuit protection.

® Relative insensitivity to input transients.

= Automatic protection against overvoltage
transients at the output.

That last feature is particularly important in
large integrated-circuit systems.

All of the advantages can be attained, along
with remarkable levels of performance, if you
design the shunt regulator simply.

The basic object of any shunt regulator is to
maintain a constant terminal voltage. To ac-
complish this, the regulator senses the terminal
voltage and varies conduction of a shunt ele-
ment accordingly. As shown in Fig. 1, the basic
parts of such a regulator are a reference element,
a comparison amplifier and the driven shunt
element.

The amplifier, 41, compares the reference
voltage on its negative input to the sample of the
output voltage, provided by R; and R, on its
positive input. The resulting amplified error sig-
nal drives @1, which conducts to the degree nec-
essary to maintain the output, E,, at the level
established by D, and R,-R..

Aside from the obvious need for a proper QI—
one that can handle the required current and
power—the performance of the regulator de-
pends mainly on the reference diode and the in-
put characteristics of the amplifier (assuming
adequate loop gain). Good temperature stability
and drift performance dictate a temperature-
compensated element for D, and a differential
amplifier with a good input drift characteristic
for A1. A large forward transconductance will
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1. Basic shunt regulator consists of a reference element,
D1, a comparison amplifer, Al, and a driven shunt ele-
ment Q1.

result in minimal load-voltage changes as the
load current varies.

Practical approach exploits advantages

A practical circuit that fully exploits the in-
herent advantages of the shunt regulator is
shown in Fig. 2. In the circuit, R,, R, and R,
constitute the sampling element, while the refer-
ence element is a 2N3638, which is operated as
a temperature-compensated zener diode (see ref-
erence). The differential input operational am-.
plifier consists of Q1 through @5, with @1 and
Q2 being a matched monolithic pair having a
typical offset temperature drift of 10 uV/°C.
The discrete power transistor, @6, functions as_
the shunt element. The configuration is ideally
guited for responding to dynamic current changes
because of the multiplication of transconductance
that occurs within the loop. This results in high
sensitivity to voltage changes.

A number of features contribute to the useful-
ness of this approach in shunt regulation:

s The active device complement consists of
only 4 components: an integrated circuit, diode
D, and transistors @3 and Q6.

®» The operating current of D, (and the tem-
perature coefficient) is quite predictable, since
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2. Only four active components are required to imple-
ment the shunt regulator circuit: three transistors, one

the diode is fed from a constant voltage source
through R,. R, is given by

R.= (E-Ex)/L; ,
where E, is the required output voltage, E), is
the reference voltage, and I, is the current for
‘zero temperature coefficient. A typical value of
E, is 6.6 V, and a good figure for I, is 5 mA.
For ultimate stability, the operating current of
D, should be trimmed for the temperature at
which the regulator will operate.

A significant feature of the circuit is the fact
that there is no current shift in the reference
diode with variations in load. This is an advant-
age of a shunt regulator, which is basically a
two-terminal device.

= The matched transistor pair, Q1 and Q2, are
ideally suited for differential connections. Typi-
‘cal input offset voltages for this pair of tran-
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of which, D1, is operated as a zener diode, and a single
integrated circuit.

gistors is less than 1 mV. At the operating level
of 1 mA, the offset drift is typically 10 uV/°C.
To take full advantage of this stability, the dc
base impedances must be matched. This necessi-
tates the inclusion of resistor R;, which has a
value equal to the equivalent parallel resistance
of the R,-R,, divider network.

s Transistor Q3 serves two purposes: First, it
level-shifts the high collector voltage of Q2 (by
necessity = Ep,) down to the base requirement
of Q4 (3Vy’s). It is also a convenient point to
frequency-compensate the amplifier with a Miller
capacitor, C,, from collector to base. @3 also con-
tributes significant forward gain to:the ampli-
fier. ’

# The triple Darlington connection of Q4-Q6
exhibits a phenomenally high hy; characteristic.
Thus large collector-current variations of Q6 re-
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sult in minimal variations. in current through
level-translation transistor @3, and even smaller
variations in the differential pair Q1-Q2. The
differential amplifier therefore experiences a
constantly balanced operating point, where Q1
and Q2 conduct equal current, the condition of
maximum g,,.

Typical gain figures for Q4 and Q5 show the
natural hrz to be 7000-8000 at an I, of 5 to 10
mA. The V,. of Q6 (about 1 volt), together with
R, force Q4 and Q5 to operate near this gain
peak. In addition Q6 exhibits a typical hyy of 100
or more at an I. of 300-500 mA. The resultant
combination exhibits large forward transfer
gain over all reasonable operating levels of cur-
rent. This, coupled with the high ¢, of the dif-
ferential amplifier and that of 3, results in a
high composite ¢,..

m The circuit’s upper limit of current capa-
bility is determined primarily by the current
rating of @5. Each transistor of the CA3018 has
an I, _ rating of 50 mA. Since not all of this is
available for base drive, and since some restric-
tions must be placed on the IC’s dissipation, a
reasonable upper limit would be on the order of
30 mA. This is easily established by choosing R,
to cause Q4-Q5 to saturate. The required value

of R is: .
R, _ V(@6) + }'a(m, (@4,25)1
@3 must be prevented frommg'ying to drive Q6
directly (and destroying itself) by a similar
saturation resistor, R,;. However, even with this
amount of base current, @6 should reach collector
current approaching 1.5 to 2 A. The dissipation
gituation of Q6 is aided in a negative voltage
regulator (such as this design example) by
clamping the collector shell directly to a ground-
ed heat gink and avoiding the additional thermal
interface of an insulating washer.

High-level performance achieved

The design approach of Fig. 2 results in a
regulator that achieves some remarkable levels
of performance. At the design level of 12 volts,
the circuit exhibits a current threshold, or
“knee,” of 18 mA, beyond which little or no
change in voltage is measurable. Within the cur-
rent design limit of 1 ampere, the voltage change
is less than 1 mV, which is better than 0.01%.

A Dbetter figure of merit for the degree of
regulation can be arrived at by an ac test. If an
ac ripple current is superimposed in series with
the dc input current (sometimes called ‘“‘purr-
ing”’), the resultant voltage swing attributable
to the regulation impedance can be observed with
a high-gain oscilloscope. The equivalent regula-
tion impedance, R,, is

Ro = AEo/ Al, »
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where AE, — the peak-to-peak ac voltage ob-
served on the scope, and Al, is the peak-to-peak
input ripple. For the circuit of Fig. 2, Al, is 0.4
A and AE, is 200 pV, giving a regulation imped-
ance of

R,=2 x 10+/4 x 10 = 0.5 milliohms.

The figure of 200 uV for a 0.4-A change in
current tends to justify the assumption of the dc
case—namely, that the AE, is less than 1 mV per
1 A load change.

Temperature tests on the circuit bear out the
claims for the 2N3638 temperature-compensated
zener (see reference). The measured temperature
coefficient of the circuit of Fig. 2 is less than
0.01%/°C. Although this percentage is not as
impressive as that of the load regulation, it is
good considering the simplicity of the circuit. It
is apparent that the limiting factor in the de-
gign is quality of the reference element (=~ 700
pV/°C versus 10 uV/°C V., drift of Q1-Q2),
and therefore attempts to improve temper-

‘ ature stability should be concentrated on the

selection of a tightly controlled diode.

Although the design example of Fig. 2 has
modest power capabilities (12 V, 1 A), the basic
design techniques can easily be extended to
higher voltages and currents. The CA3018 is lim-
ited by a V.., of 15 volts per transistor. If high-
er voltages are necessary, a high V., matched
pair could be substituted for @1 and Q2. Also
Q4 and Q5 could be replaced by a discrete pair
or one of the plastic Darlington devices on the
market. Q6 has a V.., of 70 V and I. of 15 A,
Therefore it is more than adequate for extended
range operation.

If premium temperature performance is the
objective, D, should be replaced by a fully speci-
fied temperature-compensated diode, such as the
1N829. And the zener current should be carefully
maintained at the test level, um
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Test your retention

Here are questions based on the main
points of this article. Their purpose is to
help you make sure you have not overlooked
any imporant ideas. Yow'll find the answers
in the article.

1. What is the basic disadvantage of a
shunt regulator?

2. What are its advantages?

3. Why is a high hpr and g, desirable in
a shunt regulator? .
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