High Stability Regulators

Monolithic IC’s have greatly simplified the design of general
purpose power supplies. With an IC regulator and a few
external components 0.1% regulation with 1% stability can
be obtained. However, if the application requires better per-
formance, it is advisable to use some other design ap-
proach.

Precision regulators can be built using an IC op amp as the
control amplifier and a discrete zener as a reference, where
the performance is determined by the reference. Figures 1
and 2 show schematics of simple positive and negative reg-
ulators. They are capable of providing better than 0.01%
regulation for worst case changes of line, load and tempera-
ture. Typically, the line rejection is 120 dB to 1 kHz; and the
load regulation is better than 10 uV for a 1A change. Tem-
perature is the worst source of error; however, it is possible
to achieve less than a 0.01% change in the output voltage
over a —55°C to +125°C range.

The operation of both regulators is straightforward. An inter-
nal voltage reference is provided by a high-stability zener
diode. The LM108A1 operational amplifier compares a frac-
tion of the output voltage with reference. In the positive reg-
ulator, the output of the op amp controls the ground terminal
of an LM1092 regulator through source follower, Q. Fre-
quency compensation for the regulator is provided by both
the Ry C» combination and output capacitor, Cg.

The negative regulator shown in Figure 2 operates similarly,
except that discrete transistors are used for the pass ele-
ment. A transistor, Qq, level shifts the output of the LM108
to drive output transistors, Qz and Q. Current limiting is
provided by Q. Capacitors C3 and C,4 frequency compen-
sate the regulator.

In the positive regulator the use of an LM109 instead of
discrete power transistors has several advantages. First,
the LM109 contains all the biasing and current limit circuitry
needed to supply a 1A load. This simplifies the regulator.
Second, and probably most important, the LM109 has ther-
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mal overload protection, making the regulator virtually burn-
out proof. If the power dissipation becomes excessive or if
there is inadequate heat sinking, the LM109 will turn off
when the chip temperature reaches 175°C, preventing the
device from being destroyed. Since no such device is avail-
able for use in the negative regulator, the heat sink should
be large enough to keep the junction temperature of the
pass transistors at an acceptable level for worst case condi-
tions of maximum ambient temperature, maximum input
voltage and shorted output.

Although the regulators are relatively simple, some precau-
tions must be taken to eliminate possible problems. A solid
tantalum output capacitor must be used. Unlike electrolyt-
ics, solid tantalum capacitors have low internal impedance
at high frequencies. Low impedance is needed both for fre-
quency compensation and to eliminate possible minor loop
oscillations. The power transistor recommended for the
negative regulator is a single-diffused wide-base device.
This transistor type has fewer oscillation problems than dou-
ble diffused transistors. Also, it seems less prone to failure
under overload conditions.

Some unusual problems are encountered in the construc-
tion of a high stability regulator. Component choice is most
important since the resistors, amplifier and zener can con-
tribute to temperature drift. Also, good circuit layout is need-
ed to eliminate the effect of lead drops, pickup, and thermal
gradients.

The resistors must be low-temperature-coefficient wire-
wound or precision metal film. Ordinary 1% carbon film, tin
oxide or metal film units are not suitable since they may drift
as much as 0.5% over temperature. The resistor accuracy
need not be 0.005% as shown in the schematic; however,
they should track better than 1 ppm/°C. Additionally, wire-
wound resistors usually have lower thermoelectric effects
than film types. The resistor driving the zener is not quite
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FIGURE 1. High Stability Positive Regulator

TL/H/8465-1

©1995 National Semiconductor Corporation TL/H/8465

RRD-B30M115/Printed in U. S. A.

sioje|nbay Aypqels ybiH

SiL-a71



High Stability Regulators

LB-15

'

4t

™ 10 .F
Vour =10V
lout <1A

ﬂ; <
[IE K]

TDetermines zener current. May be
adjusted to minimize thermal drift.

[5

1 < &
22 4F T 560 > mzzzsz "3
%«

£Solid tantalum

TL/H/8465-2

INPUT e Y 3

FIGURE 2. High Stability Negative Regulator

as critical; but it should change less than 0.2% over temper-
ature.

The excellent dc characteristics of the LM108A make it a
good choice as the control amplifier. The offset voltage drift
of less than 5 uV/°C contributes little error to the regulator
output. Low input current allows standard cells to be used
for the voltage reference instead of a reference diode. Also
the LM108 is easily frequency compensated for regulator
applications.

Of course, the most important item is the reference. The
IN829 diode is representative of the better zeners available.
However, it still has a temperature coefficient of
0.0005%/°C or a maximum drift of 0.05% over a —55°C to
+125°C temperature range. The drift of the zener is usually
linear with temperature and may be varied by changing the
operating current from its nominal value of 7.5 mA. The tem-
perature coefficient changes by about 50 uV/°C for a 15%
change in operating current. Therefore, by adjusting the ze-
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ner current, the temperature drift of the regulator may be
minimized.

Good construction techniques are important. It is necessary
to use remote sensing at the load, as is shown on the sche-
matics. Even an inch of wire will degrade the load regula-
tion. The voltage setting resistors, zener, and the amplifier
should also be shielded. Board leakages or stray capaci-
tance can easily introduce 100 uV of ripple or dc error into
the regulator. Generally, short wire length and single-point
grounding are helpful in obtaining proper operation.
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