















































TABLE 4.7

Summary of Gain Parameters for DCM

Buck Boost Buck-Boost
K _ DIy R; _ DT R _ DTy R
f L L L
DT, R;
ky Z : 0 0
Fn m (Constant Frequency)
ST (Constant Off Time)
F. 1 (Constant Frequency)
esDTi/2 (Constant Off Time)

4. Complete Small-Signal Model for Current-Mode Control

Copyright Ridley Engineering, Inc. 2008

104



4.5 Conclusions

The complex expression for the sampling gain, H,(s), derived in Chapter 3 was
simplified with an approximate expression. A second-order polynomial was suf-
ficient to accurately model the effects of the sampling action of current-mode

control up to half the switching frequency. The approximate sampling gain is

given by
s 52
H (s)~1 + + 4.27
e( ) anz Q)i ( )
where
0,=5% (4.28)
and
T
W, = — (4.29)
n Ts

This simple transfer function gives remarkable accuracy in approximating the
exact transfer function, both in gain and phase predictions. At dc and half the
switching frequency, the functions are identical. It is not surprising that the sec-
ond order transfer function is adequate, since the nature of the problem in the
current-feedback system is an oscillation, normally associated with a pair of
complex poles in the system. It will be seen in the next chapter how the complex
zeros of the approximation to the sampling gain produce a corresponding pair of
complex poles in the closed-loop system. An interesting feature of the sampling

gain approximation is that it has complex zeros in the right-half plane. The im-
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portance of this in modeling system performance will also be discussed in the next

chapter.

The small-signal model for continuous-conduction mode was completed with the
derivation of feedforward gains from the on-time and off-time voltages across the
inductor. These gains were then used to derive the individual feedforward gains
for specific converters from the input and output voltages. The invariant form
of the model with feedforward from on-time and off-time voltages is very useful
for circuit modeling. The model with feedforward from input and output voltages
can provide more analytical insight into some of the observed phenomena of
current-mode control. The impact of the feedforward gains on the small-signal

performance will be discussed in the next chapter.

Finally, the small-signal model for current-mode control with discontinuous
inductor current was derived. Simple arguments show that a current-feedback
loop is not even needed in the small-signal model, and sampled-data analysis is
not needed for the DCM model. Feedforward gain terms provide the complete

model for the system when coupled with an accurate model for the power stage.
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A Powerful Combination
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The AP300 Analyzer and POWER 4-5-6 Software are POWER 4-5-6 greatly accelerates your design process
designed specifically for the power electronics engineer.  in topology choices, magnetics, and control. A special

Now, they communicate with each other to show version of the software predicts the response of your
measurements overlaid on theoretical curves. power supply and compares it with data collected from
the AP300.

The analyzer has advanced features including a high
power output, variable source vs. frequency curve, and
high noise immunity from 0.01 Hz to 30 MHz.

Each product is the best available in the industry.
Together, they will take your design and testing skills to
the next level.
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