
Wide Adjustable Range
PNP Voltage Regulator

What happens when the need arises for a regulator voltage
that isn’t matched by your stock of fixed voltage I/C regula-
tors? For the standard NPN pass transistor regulators
(LM340 for example) the answer may be as simple as add-
ing a resistor (R1) in the ground pin (Figure 1). The new
output voltage (VO) will then be:

VO = VREG + IQ x R1 (1)

where: VREG is the original regulator output voltage,

IQ is the regulator’s quiescent current.

But if the need is also for a low drop across the regulator,
then a PNP pass regulator is required. Simply adding a
resistor in the ground pin doesn’t work, since the regulator
internal current varies too much because of increased base
drive to compensate for lower PNP beta. However, if a zener
is used instead of a resistor, the higher voltages can be
accommodated (Figure 2). The new output voltage (VO) is:

VO = VREG + VZ (2)

where VZ is the zener voltage.

As VREG is constant, the output voltage regulation will de-
pend largely on the zener voltage (VZ) and its dynamic
impedance.

The zener voltage will vary slightly with the current flowing
through. Let’s take the popular LM2931Z PNP regulator from
National Semiconductor as an example of variation of the
quiescent current. When the regulator load changes from
50 mA to 150 mA, the zener current will increase by 12.5
mA. The zener voltage variation due to this current change
will only be a few hundred mV. That is, the output voltage will
vary slightly, but not as much (as high as a few volts) as with
a resistor to ground. Thus, a much better regulated output
voltage is maintained.

One advantage inherent to this circuit is the ability to achieve
higher output voltages than the normal regulator rating. The
maximum regulator output is limited by the breakdown of its
internal circuitry. However, carefully selecting the zener to
keep the input and ground pin differential voltage well below
the breakdown, the input is allowed to exceed its maximum
rating. For example, a 5V 3-terminal LM2931Z PNP regula-
tor (maximum operating input voltage = 26V) can become a
56V regulator with a 51V zener. And the input voltage can be
as low as 56.6V with a load current of 150 mA or less. Most
of the PNP regulator’s features are still maintained. The
short circuit protection may or may not be there, depending
on the output voltage and the safe operating area of the
output pass PNP transistor.

Capacitors C1 and C2 should have the same values as
those specified for normal operation. However, their maxi-
mum operating voltage ratings should exceed the input volt-
age. Capacitor C3 should be located as close as possible to
the ground pin to get good decoupling and ensure stable
operation. The value of C3 will depend on zener impedance
and noise characteristics. The capacitor types must also be
rated over the desired operating temperature range.
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FIGURE 1. NPN Regulator
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FIGURE 2. PNP Regulator
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Notes

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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