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This article describes a 24-Volit, 3-Ampere
switching mode supply. It operates at
20 kHz from a 120 Vac line with an over-
all efficiency of 70%. New techniques are
used to shape the load line, The control
gircuit uses a quad comparator and an
opto coupler and features short circuit
protection,
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A NEW APPROACH TO
SWITCHING REGULATORS

INTRODUCTION

The function of a switching regulator is to convert an
unregulated dc input to a regulated dc output. The method
used to accomplish this function differs dramatically from
the conventional series pass regulators. In a switching
regulator, the power transistor is used in a switching mode
rather than a linear mode. Efficiencies are usually 70% or
better which is about double that of the series pass regu-
lator. High-frequency switching regulators offer consider-
able weight and size reductions and better efficiency at
high power over conventional 60 Hz transformer-coupled,
series regulated power supplies.

However, a debate continues on the value of switching
type supplies as contrasted with conventional series pass
regulators. One argument, frequently advanced when dis-
cussing switching regulators, is that the electro-magnetic
interference (EMI) problems overcome most of the gains
in efficiency. Eliminating high-frequency transients, not
present in the linear case, adds a new dimension to the
design of switching regulators. Controlling this undesired
output actually requires very little bulk weight. Basically
the necessary techniques come from good RF practice.
Layout and lead length play significant roles when design-
ing effective switching circuits.

EMI can be reduced to acceptable levels giving compact,
fast and efficient control of power. Switching regulators
have found wide use in aerospace and portable applications
where power is expensive. Low loss ferrite cores for trans-
formers and chokes, the use of high permeability magnetic
alloys for shielding, and the wide range of miniature semni-
conductor and IC devices for the switching and regulation
circuitry have contributed to the success of switching type
supplies. The block diagram of a switching regulator is
shown in Figure 1. This circuit regulates by switching the

series transistor to either the ON or OFF condition, the
duty cycle determining the average dc output. Duty cycle
is adjusted in accordance with a feedback proportional to
the difference between the dc output and a reference
voltage.

Switching is usually a constant frequency just above
the audible range (20 kHz typical), although some varieties
show variable frequency with changing line and load.
Higher frequencies are generally less efficient since tran-
sistor switching losses and ferrite core losses increase. Low
frequency unibase transistors (f7-200 kHz} are sufficient
for series pass regulators; switching regulators must use
epibase and triple diffused devices (fT-4 MHz) to operate
efficiently. For the ultimate in efficiency, even higher
frequency annular and double diffused devices can be
used, (fr > 30 MHz). Darlington transistors are also used
in these switching mode supplies; they can provide an
overall gain in efficiency through lower base drive require-
ments even though their saturation voltages are higher
than single chip devices.

A fast recovery rectifier or Schottky barrier diode is
used as the free wheeling clamp diode to keep the switch-
ing transistor load line within SOA limits and to increase
efficiency at these frequencies. Other products used in
these supplies are shown in Tabie 1 below.

TABLE 1
Semiconductors Used in Switching Regulators
CONTROL IC's
POWER DEVICES DIGITAL LINEAR
Power Transistors Gates Op Amps
Flip-Flops Cormparators
Rectifiers Monostaltrle Timers
Multivibrator Regufators
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FIGURE 1 — SWITCHING REGULATOR
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