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Low-dropout regulator, SMPS cascade
suppress ripple, maintain efficiency

Scot Lester, Texas Instruments, Dallas, TX

A step-down SMPS (switched-
mode power supply) efficiently
converts unregulated power to a regu-
lated output voltage. However, un-
wanted switching-induced ripple and
input transients may appear on the out-
put. Applying noisy power to an RF
power amplifier can inject spurious sig-
nals or modulated noise into the broad-
cast spectrum. Analog- and RF-system
engineers favor traditional low-noise
power-supply designs that comprise a
transformer, rectifier, and filter followed
by a linear voltage regulator. A low-
dropout linear regulator’s low output
noise and high PSRR (power-supply
rejection ratio) ensure clean power that
imposes no interference on a power
amplifier’s output.
Unfortunately, a transformer-and-

rectifier power supply delivers a fluctu-
ating output voltage that depends on its
input voltage. As the difference be-
tween its input and output voltage
increases, a low-dropout regulator’s effi-
ciency decreases, and its power dissi-
pation increases. To remain in regula-
tion at low ac-line voltages, even a low-
dropout regulator requires a certain
amount of head-room input-to-output
voltage.

To overcome the disadvantages in-
herent in both circuits, you can use an
SMPS to maintain high efficiency and
a low-dropout regulator to reduce the
output noise and ripple voltage of the
SMPS. Setting the output voltage of
the SMPS slightly higher than the low-
dropout regulator’s minimum dropout
voltage reduces the regulator’s power
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dissipation, accommodates the voltage
margin you need for good switching-
noise rejection, and maintains high effi-
ciency. The regulators’ PSRRs add, and
the combined circuits’ PSRR exceeds
that of either the regulator or the
SMPS alone.

Figure 1 shows a cascade circuit com-
prising an SMPS followed by a linear
regulator. This circuit’s output voltage
ranges from 1.5 to 5V at an output cur-
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Figure 1 Connected in cascade, a low-dropout linear regulator and a switched-mode power supply improve output-volt-
age ripple and maintain overall efficiency. (Note: In IC,’s part designation, “XX" represents the regulator’s output voltage.)
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rent as high as 400 mA. Although a
fixed 6V supply powers the cascaded cir-
cuit, its design accommodates any input
voltage at least 0.5V higher than the
cascaded pait’s desired output voltage.

Adjusting the reference voltage,
Ve over 0 to 1.105V linearly varies
the circuit’s output voltage. Resistors R
and R, and reference voltage V..
determine the low-dropout regulator’s
output voltage and thus the cascaded
pair’s output voltage. Resistors R, Ry,
R,,andR 4 divide V. to maintain the
SMPS’ output voltage, V,, at a con-
stant 0.2V higher than the regulator’s
output voltage, reducing the regulator’s
power dissipation to 80 mW at full out-
put current and any output voltage.

At its maximum output current of
400 mA, the cascaded supply reaches
a maximum efficiency of 89% with a
6V input and a 4.69V output (Figure
2). The overall efficiency decreases as
the output voltage decreases. Figure 3
compares the PSRRs of the SMPS
alone and of the SMPS cascaded with
the regulator, which improves PSRR by
46 dB at 500 Hz—essentially that of the
regulator alone at 500 Hz.

Over a frequency range of 100 Hz to
100 kHz, the low-dropout regulator
improves PSRR by at least 25 dB (Fig-
ure 3). Circuit-layout and -measure-
ment techniques compound the diffi-

EFFICIENCY
(%)

3 3.5 4 4.5

OUTPUT VOLTAGE (V)

Figure 2 The regulator cascade’s combined efficiency improves as the
unregulated output voltage increases.
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Figure 3 The power-supply rejection ratio improves significantly (blue trace)
when you cascade switched-mode (yellow trace) and linear (red trace) volt-

culty of making accurate small-signal
measurements, and the graph’s PSRR
values may not appear additive. The lin-
ear regulator governs the circuit’s
switched-load  transient  response,

which may represent an improvement
over the response of the SMPS. How-
ever, the cascade circuit’s low output
ripple and high efficiency make the cir-
cuit well worth investigation.EDN






