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Pulse-width Power Switching converter Load

modulator input e
converts voltage del +
signal v (z) into
duty cycle signal  ¥f® X — VISR
d(t feedback
(t). _ connection
What is the .
i : . transistor
re(le)ttlondbde(t\;;een gate driver compensator
v {f) ana aft): : ' 81 pulse-widih| v v
® modulator = G(s)
&) / vlt) j voitage
|_| ]/\_, reference | Vrof
dr, T, ! — e
Controller
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A simple pulse-width modulator

. s
VM vsaw(t)
Sawtooth v (t
Vol X Z.-—
wave
generator
comparator 0 .
[3
&) 814
analog | I~
input PWM
| waveform
v (1)
0 4T, T, 2T,
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Equation of pulse-width modulator

" For a linear sawtooth waveform: t :
VM vsaw(t)
t
i =" forosvi v, vt
9 e [
So d(t) is a linear function of v (z). 0 .
6(r)n
0 4, T, 2T,
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Perturbed equation of pulse-width modulator

i e i A

PWM equation: Block diagram:
) = "{/(” For0<v.(H) <V, )
M V,+ .08 D +d(s)
—_— VL L
Perturb: M
vy =V, +01)
d() =D +d(®) pulse-width
modulator
Result Dc and ac relations:
5 V. .+ |7
D+d(ty=—+"—- —_tc
® Vi b Vy
3 _ ﬁc(t)
awy=~y>
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Sampling in the pulse-width modulator

The input voltage is a
continuous function
of time, but there sampler

can be only one Ve 1 K
discrete value of the Vi ° ’

Y

duty cycle for each _ 5
switching period.

Theretore, the pulse-
width modulator
samples the control
+ waveform, with sampling rate equal to-the switching frequency

puise-width modulator

In practice, this limits the useful frequencies of ac variations to values
much less than the switching frequency. Control system bandwidth must
be sufficiently less than the Nyquist rate f,/2. Models that do not account
for sampling are accurate only at frequencies much less than f/2.
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