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Fig. 1. PCCM buck converter: (a) Schematic; (b) steady-state operation waveforms.
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Fig. 2. Bifurcation diagrams with the variations of
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Fig. 3. Bifurcation diagrams with the variations of
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Abstract

Taking buck converter operating in pseudo-continuous conduction mode (PCCM) for example, through a detailed
description of the switch state of the switching converter, its accurate discrete-time model is established in this paper.
On the basis of the model, bifurcation diagrams of the PCCM buck converter with the variations of circuit parameters
are obtained, including load resistance, equivalent series resistance (ESR) of inductor, inductance, capacitance, reference
current, and input voltage. And the complex dynamical behaviors existing in PCCM buck converter, such as subharmonic
oscillation, period-double bifurcation and chaos, are revealed. Under different load resistances, time-domain simulation
waveforms and phase portraits of PCCM buck converter are obtained by Runge-Kutta algorithm based on the piecewise
smooth switch model. The working states of PCCM buck converter, reflected by the time-domain waveforms and
phase portraits, are consistent well with those described by the bifurcation diagrams. It is shown that the time-domain
simulation results verify the validation of the discrete-time model.

From theoretical analysis and simulation results, some conclusions can be obtained below. 1) When the load
resistance gradually decreases, PCCM buck converter has a unique bifurcation route, i.e. , from PCCM period-1 state,
PCCM multi-period oscillation via period-double bifurcation, chaos, CCM-PCCM multi-period oscillation, to CCM
period-1 state via inverse period-double bifurcation. What is more, the bifurcation analysis with the load resistance
serving as parameter indicates that the PCCM buck converter is more suitable for light load conditions, and its stable
state will be lost and operation mode can be shifted (from PCCM to CCM) with increasing the load. 2) The ESR of
inductor is closely related to the power loss and will affect the stability of the PCCM converter. The larger the ESR,
the more the power loss will be. However, the PCCM converter is more stable if the ESR is larger. 3) Period-double
bifurcation or inverse period-double bifurcation exists in the PCCM buck converter with the other circuit parameters
varied in a wide range except for the load resistance, and there are three working states of buck operating in PCCM,
i.e., stable period-1 state, multi-period sub-harmonic oscillation, and chaos. The research results in this paper are useful

for designing and controlling PCCM switching converter.

Keywords: buck converter, pseudo-continuous conduction mode, discrete-time model, subharmonic

oscillation
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