Tutorial

Precision Voltage Sources
You Can Build

How to design and build simple, stable precision

reference supplies

By Joseph J. Carr

source of accurate voltages
can open up new circuit-mea-
A suring vistas for you. With it
you can check out the accuracy of
that nifty new digital multimeter you
just bought or see if your old meter
has maintained its calibration over
the years. The same can be applied to
oscilloscopes, power supplies, and
other equipment. You might even
wish to improve the voltage reference
source of an A/D or D/A converter
in the event that a shabby reference
supply is giving you 4-bit perfor-
mance out of an 8-bit data converter.
This article discusses how to design
and build simple, but effective, ref-
erence supplies that can be used for
the cited applications.

Zener Diodes

The simplest device that can be used
for voltage regulation, and hence
also for some reference applications,
is the lowly zener diode. Figure 1
shows the circuit symbol (inset) and
transfer characteristic curve for a
zener diode. The diode is little more
than a special pn junction diode, so
will behave like any other pn diode
in the forward bias region (+V).
When the applied voltage is positive,
a forward current (+1) will flow.
Below a certain threshold voltage
(Vg), current is the reverse leakage
current (I;). Above this threshold,
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Fig. 1. The characteristic curve of a
zener diode. Note very sharp bend at
the beginning of the zener region.

however, forward current increases
in a linear manner.

In the reverse-bias region, condi-
tions are a little different from ordin-
ary pn junction diodes. Leakage cur-
rent is all that flows for applied volt-
ages (— V) of 0to V,, but when V, is
reached the diode avalanches. In this
condition, the diode will regulate the
applied voltage to the value of V,.

The basic zener regulator circuit is
shown in Fig. 2. This circuit is not
used directly as a reference supply,
but is included here because it forms
the basis of such supplies. Zener di-
ode D/ is in parallel across load RL.
Series resistor R/ limits the current to
a safe value (recall from Fig. 1 that
—Tlincreases dramatically at V). The
output voltage will be regulated to
+ V,in this circuit.
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There are some problems with the
basic zener diode, which become es-
pecially acute when it is used as a ref-
erence source. (Remember, ‘‘refer-
ence’’ implies accuracy.) First, the
voltage specification isonly nominal.
In other words, a 6.8-volt zener pro-
duces a voltage close to—but not nec-
essarily exactly—6.8 voltsdc. Anoth-
er problem is that the voltage drifts
somewhat with temperature, hardly
a characteristic desired in a refer-
ence supply.

Figure 3A shows one crude attempt
at stabilizing the temperature-drift
problem. In this circuit, a number of
zener diodes are connected in a series-
parallel arrangement. Each series
string produces a voltage drop (V1
and V2), so the differential output
voltage is V1 — V2). The idea here is
that all diodes, assuming they are
identical and in the same thermal en-
vironment, will drift the same
amount so that the differential ef-
fects of drift are zero.

A superior idea is shown in Fig.
3B. The regulator shown here is the
National Semiconductor LM-199 (or
LM-399) device. It consists of a 6.95-
volt zener diode embedded in an elec-
trical heater. (One source told me
that the heater was little more than a
class-A amplifier with the input
shorted, with the zener built on the
same substrate to share the thermal
environment.) The heater keeps the
diode at a constant temperature that
is somewhat above ambient room
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Precision Voltage Sources (from page 60)

other manufacturers). Check the
linear and power supply IC cata-
logues from any of the major semi-
conductor makers for data sheets on
other types.

Conclusion

Adjusting the reference source poses
another problem. What does one use
as a reference? There are several al-
ternatives. For those who are intre-
pid, take the finished reference
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source to someone who has a real ac-
curate zillion-digit, multi-kilobuck
digital voltmeter and use it as a truth
and beauty. For most of us, however,
we can adjust the source using a
brand new digital voltmeter (or os-
cilloscope), and then live with any
problems that develop. In most
cases, we can trust our DMMs (or
have them commercially calibrated)
so that they can be used to monitor
the reference source when calibrating
other dc measuring instruments. ME
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