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POWER CONTROL METHODS AND
APPARATUS FOR VARIABLE LLOADS

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims the benefit, under 35 U.S.C.
§119(e), of U.S. Provisional Application Ser. No. 60/608,
607, filed Sep. 10, 2004, entitled “Power Control Methods
and Apparatus,” which application is hereby incorporated
herein by reference.

FIELD OF THE INVENTION

The present disclosure relates generally to modifications to
switching power supplies that facilitate improved power
delivery for a highly variable load, especially at near zero load
conditions.

BACKGROUND

A DC-DC converter is a well-known electrical device that
accepts a DC input voltage and provides a DC output voltage.
DC-DC converters generally are configured to provide a regu-
lated DC output voltage to a load based on an unregulated DC
input voltage which in some cases is different from the regu-
lated output voltage. For example, in many automotive appli-
cations in which a battery provides a DC power source having
an unregulated voltage of approximately 12 Volts, a DC-DC
converter may be employed to receive the unregulated 12
Volts DC as an input and provide a regulated DC output
voltage to drive various electronic circuitry in a vehicle (in-
strumentation, accessories, engine control, lighting, radio/
stereo, etc.). The regulated DC output voltage may be lower,
higher or the same as the input voltage from the battery.

More generally, a DC-DC converter may be employed to
transform an unregulated voltage provided by any of a variety
of DC power sources such as batteries to a more appropriate
regulated voltage for driving a given load. In some cases, the
unregulated DC input voltage may be derived from an AC
power source, such as a 120 Vrms/60 Hz AC line voltage
which is rectified and filtered by a bridge rectifier/filter circuit
arrangement. In this case, as discussed further below, protec-
tive isolation components are employed in the DC-DC con-
verter to ensure safe operation, given the potentially danger-
ous voltages involved.

FIG. 1 illustrates a circuit diagram of a conventional step-
down DC-DC converter 50 configured to provide a regulated
DC output voltage 32 (V_,,,) to a load 40, based on a higher
unregulated DC input voltage 30 (V,,). The step-down con-
verter of FIG. 1 also is commonly referred to as a “buck”
converter. From a functional standpoint, the buck converter of
FIG. 1 generally is representative of other types of DC-DC
converters, some examples of which are discussed in turn
below.

DC-DC converters like the buck converter of FIG. 1
employ a transistor or equivalent device that is configured to
operate as a saturated switch which selectively allows energy
to be stored in an energy storage device (e.g., refer to the
transistor switch 20 and the inductor 22 in FIG. 1). Although
FIG. 1 illustrates such a transistor switch as a bipolar junction
transistor (BJT), field effect transistors (FETSs) also may be
employed as switches in various DC-DC converter imple-
mentations. By virtue of employing such a transistor switch,
DC-DC converters also are commonly referred to as “switch-
ing regulators” due to their general functionality.

In particular, the transistor switch 20 in the circuit of FIG.
1 is operated to periodically apply the unregulated DC input
voltage 30 (V,,) across an inductor 22 (L) for relatively short
time intervals. During the intervals in which the transistor

20
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65
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switch is “on” or closed (i.e., passing the input voltage V,, to
the inductor), the inductor stores energy from the applied
input voltage in the inductor’s magnetic field. When the
switch is turned “off” or opened (i.e., the DC input voltage is
removed from the inductor), the stored energy is transferred
to a filter capacitor 34 which functions to provide a relatively
smooth DC output voltage V . to the load 40 (i.e., the capaci-
tor provides essentially continuous energy to the load
between inductor energy storage cycles).

More specifically, in FIG. 1, when the transistor switch 20
ison,avoltageV,=V_ -V, isapplied across the inductor 22.
This applied voltage causes a linearly increasing current I, to
flow through the inductor (and to the load and the capacitor)
based on the relationship V;=L-dI,/dt. When the transistor
switch 20 is turned off, the current I, through the inductor
continues to flow in the same direction, with the diode 24 (D1)
now conducting to complete the circuit. As long as current is
flowing through the diode, the voltage V, across the inductor
is fixed at V_,,~V s, 4, causing the inductor current I, to
decrease linearly as energy is provided from the inductor’s
magnetic field to the capacitor and the load. FIG. 2 is a
diagram illustrating various signal waveforms for the circuit
of FIG. 1 during the switching operations described immedi-
ately above.

Conventional DC-DC converters may be configured to
operate in different modes, commonly referred to as “con-
tinuous” mode and “discontinuous” mode. In continuous
mode operation, the inductor current I, remains above zero
during successive switching cycles of the transistor switch,
whereas in discontinuous mode, the inductor current starts at
zero at the beginning of a given switching cycle and returns to
zero before the end of the switching cycle. To provide a
simple yet informative analysis of the circuit of FIG. 1, the
discussion below considers continuous mode operation, and
assumes for the moment that there are no voltage drops across
the transistor switch when the switch is on (i.e., conducting)
and that there is a negligible voltage drop across the diode D1
while the diode is conducting current. With the foregoing in
mind, the changes in inductor current over successive switch-
ing cycles may be examined with the aid of FIG. 3.

In particular, FIG. 3 is a graph on which is superimposed
the voltage at the point V- shown in FIG. 1 (again, ignoring
any voltage drop across the diode D1) based on the operation
of'the transistor switch 20, and the current through the induc-
tor I, for two consecutive switching cycles. In FIG. 3, the
horizontal axis represents time t and a complete switching
cycle is represented by the time period T, wherein the tran-
sistor switch “on” time is indicated as t ,, and the switch “off”
time is indicated as t,,(i.e., T=ton+t ;).

For steady state operation, it shouldfbe appreciated that the
inductor current I, at the start and end of a switching cycle is
essentially the same, as can be observed in FIG. 3. Accord-
ingly, from the relation V,=L-dI,/dt, the change of current dI,
over one switching cycle is zero, and may be given by:

1 on T
dlp=0= —(f Vin = Vour)dz + f (—Vom)dt]
L 0 ton

which simplifies to

(Vin = Vour)ton = (Vou T = 1n) =0

where D is defined as the “duty cycle” of the transistor switch,
or the proportion of time the switch is on and allowing energy






