
Texas Instruments’ UCC3895
offers a good base for building a

high-efficiency, pulse-width-modulat-
ed, switched-mode power supply that
suits either current- or voltage-mode
control. Designed for driving a full-
bridge power inverter using two sets 
of complementary outputs, Out A
through D, the circuit controls power
by phase-shifting outputs C and D with
respect to A and B. The manufactur-
er’s data sheet provides a detailed
description (Reference 1). However,
when lightly loaded and configured for
current-mode control, the controller
can produce asymmetric-width pulses
on its lagging outputs, C and D, under
start-up conditions. Reference 2 pro-
vides a complete description of the

problem and a workaround.
Unfortunately, the workaround

evokes other problems when you use
the IC in other circuit implementa-
tions. Figure 1, from Reference 2,
shows a partial schematic featuring the
UCC3895 in a peak-current-mode-
control circuit in which R1 serves as a
pullup resistor, providing a dc offset for
the voltage ramp. However, for a sig-
nificant portion of the ramp waveform,
diode D1 doesn’t conduct and therefore
narrows the power supply’s dynamic
range by cutting off a portion of the
ramp voltage at IC1’s Pin 3.

Figure 2 shows another approach that
requires additional components but
delivers the full magnitude of the volt-
age ramp to Pin 3 of IC1 and provides

the approximately 1V-dc offset that Ref-
erence 1 requires. Transistors Q1 and Q2,
resistors R1 and R2, and LED D3 form an
emitter-follower amplifier for the ramp
voltage available at IC1, Pin 7 across
timing capacitor C1. This arrangement
provides reliable current-mode opera-
tion over the full range from no-load to
full-load output current by delivering a
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Figure 1 An added resistor, R1, helps improve light-load operation
of a popular switched-mode power-supply controller by eliminating
output asymmetry.
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Figure 2 For even better performance, add a level-shifting
amplifier to the ramp-voltage path.
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“The unfortunate relationship
between servo systems and

oscillators is very apparent in thermal-
control systems,” says Linear Technol-
ogy’s Jim Williams (Reference 1).
Although high-performance tempera-
ture control looks simple in theory, it
proves to be anything but simple in
practice. Over the years, designers have
devised a long laundry list of feedback
techniques and control strategies to
tame the dynamic-stability gremlins
that inhabit temperature-control servo
loops. Many of these designs integrate
the temperature-control error term
TS�T in an attempt to force the con-
trol-loop error to converge toward zero
(Reference 2).

One tempting and “simple” alterna-
tive approach makes the heater power
proportional to the integrated temper-
ature error alone. This “straight-inte-
gration” algorithm samples the tem-
perature, T, and subtracts it from the
setpoint, TS. Then, on each cycle
through the loop, the loop gain, F, mul-
tiplies the difference, TS�T, and adds
it as a cumulative adjustment to the
heater-power setting, H. Consequent-
ly, H�H�F�(TS�T).

The resulting servo loop offers many
desirable properties that include sim-
plicity and zero steady-state error.
Unfortunately, as Figure 1 shows, it
also exhibits an undesirable property:
an oscillation that never allows final

convergence to TS. Persistent oscilla-
tion is all but inevitable because, by the
time that the system’s temperature cor-
rects from a deviation and struggles
back to T�TS, the heater power
inevitably gets grossly overcorrected. In
fact, the resulting overshoot of H is
likely to grow as large as the original
perturbation. Later in the cycle, H’s
opposite undershoot grows as large as
the initial overshoot, and so on.

Acting on intuition, you might
attempt to fix the problem by adopting
a better estimate of H whenever the
system’s temperature crosses the set-
point, T�TS). This Design Idea out-
lines a TBH (take-back-half) method
that takes deliberate advantage of the
approximate equality of straight-inte-
gration’s undamped overshoots and
undershoots. To do so, you introduce
variable HO and run the modified servo
loop, except for the instant when 
the sampled temperature, T, passes
through the setpoint, T�TS. When-
ever a setpoint crossing occurs, the
bisecting value (H�HO)/2 replaces
both H and HO. As a result, at each set-
point crossing, H and HO are midway
between the values corresponding to
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Figure 1 A simple integrating control algorithm virtually guarantees that the
system’s temperature oscillates and never converges to the setpoint temper-
ature, TS.
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sawtooth drive with a dc offset to IC1’s
ramp input. Diode D3, a yellow LED,
performs a 1.7V level translation with-
out introducing any substantial signal
loss. The component values not shown
depend on the application.EDN
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