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Figure 3.13. Constant Off-Time Responses at Different Duty Cycles: At duty cycles
close to zero, the response of the constant-frequency and constant off-
time controls are practically identical. At duty cycles close to one, almost
90 degrees phase lead occurs at half the switching frequency with con-
stant off-time control, due to the shorter pulses of information.
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Fig. 3.14 show the perturbation waveforms of Fig. 3.13 more clearly, together
with the modulation information carried by the pulses. The shorter pulses at
duty cycles close to unity advance the information relative to that of the short
duty-cycle system, by half the switching period. An alternative way of looking at
this is that the duty cycle close to unity samples the input modulation signal with
impulse functions {(or an approximation thereof). Impulse sampling does not in-
troduce a phase delay. However, the step-function sampling obtained with the
duty-cycle close to zero produces a phase delay equal to half the switching period,

as is well known from communication theory [8,9].

The constant off-time control scheme, therefore, shows exactly the same response
as the constant-frequency control scheme, when an external ramp equal to the
off-time slope is used, with the exception of a phase-lead of the inductor current
information, predicted by the value of F, given in Egs. (3.22-3.23). The constant
off-time and constant on-time current-mode schemes, therefore, are accurately

modeled by the small-signal model of Fig. 3.4.
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Figure 3.14. Modulation  Information  Carried by  Constant  Off-Time
Modulator: At duty cycles close to unity, modulation-frequency infor-
mation carried by the perturbations in the inductor current is time-
shifted by almost half the switching period relative to that carried by the
modulator at close to zero duty cycle.
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3.7 Conclusions

Several important results were derived in this chapter for the four common forms
of current-mode control. Firstly, a generic current-mode cell was derived for all
PWM converters using current-mode control. The discrete-time response of the
closed-loop control-to-inductor-current for constant-frequency control of the

current-mode cell was found to be

b (k + 1) = — aty (k) + % (1 + o)k +1) (3.26)

The continuous-time representation of the system, derived from standard results

for sample-and-hold systems, is

A
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(3.27)

This equation was used to derive the open-loop gain block H,(s) shown in Fig.
3.4. This block was found to have a common form for all converters and all four

forms of current-mode control discussed in this dissertation:

sT,
He(S) = —e-;-i;:i—l— (3.28)

This high-frequency gain block is sufficient to characterize the current-mode

control. For constant on-time and off-time control schemes, it was found that a
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phase-dependent term, Fe, added to the model of Fig. 3.4, provides a general
model for all control schemes for the current-mode cell. The gain F, was unity for

constant-frequency control.
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