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Circuit Averaging and Averaged Switch Modeling for DC-DC Converters

*Jun-ichi Matsuda and Haruo Kobayashi (Gunma Univ.)

Abstract—

This paper reviews averaged circuit models for DC-DC converters. Adding linearized AC small

signals to averaged voltage and current waveforms in the two-switch circuit of a DC-DC converter yields DC
and AC small signal circuit models. The models predict a voltage conversion ratio, frequency response charac-
teristics in the circuit intrinsic frequency region, etc., and allow us to control the converter with physical images.
We can simply apply the models not only to PWM DC-DC converters operating in continuous and discontinu-
ous current modes but also resonant ones. Using the models leads to efficient DC-DC converter circuit design.
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Table 1: Comparison of equivalent circuit models for
DC-DC converters.
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Fig. 1: Separation of reactive and switch circuits for a
DC-DC converter.
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Fig. 2: SEPIC circuit arranged in the form of Fig. 1.
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Fig. 3: Current and voltage waveforms for the CCM
SEPIC switch circuit of Fig. 2.
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Fig. 4: Averaged switch equivalent circuit of DC and AC
small signal for the CCM SEPIC.
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Fig. 5: DC and AC small signal averaged circuit model of
the CCM SEPIC.
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Fig. 6: Boost converter circuit showing another switch cir-
cuit definition.
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Fig. 7: Current and voltage waveforms for the CCM boost
switch circuit of Fig. 6.
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Fig. 8: Averaged switch equivalent circuit of DC and AC
small signal for the CCM boost converter.
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Fig. 9: DC and AC small signal averaged circuit model of
the CCM boost converter.
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Fig. 10: Buck converter circuit showing another switch
circuit definition.
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Fig. 11: Current and voltage waveforms for the CCM buck
switch circuit of Fig. 10.
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Fig. 12: Averaged switch equivalent circuit of DC and AC
small signal for the CCM buck converter.
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Fig. 13: DC and AC small signal averaged circuit model of
the CCM buck converter.
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Fig. 14: Buck-boost converter circuit with switch terminal
quantities identified.
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buck-boost switch circuit of Fig. 14.
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buck-boost converter.
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Table 2: AC small signal parameters for the DCM two
switch circuit.
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Fig. 25: Low frequency AC small signal circuit model for
the DCM buck-boost, boost, and buck converters.

Table 3: Transfer function parameters for the DCM con-
verters.
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Fig. 26: High frequency AC small signal circuit model for
the DCM buck-boost converter. Small signal model pa-
rameters k;, ko, r1, f1, i, I, jo are extracted from the partial
derivatives of egs. (52) and (53).

Table 4: High frequency pole and RHP zero of the DCM
converter control-to-output transfer function.
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Fig. 27: Frequency dependence of control-to-output trans-
fer function magnitude and phase for a DCM boost con-
verter.
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