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The aim of the paper is to investigate the bifurcation behavior of the power-factor-correction
(PFC) boost converter under a conventional peak current-mode control. The converter is
operated in continuous-conduction mode. The bifurcation analysis performed by computer sim-
ulations reveals interesting e ects of variation of some chosen parameters on the stability of
the converter. The results are illustrated by time-domain waveforms, discrete-time maps and
parameter plots. An analytical investigation con rms the results obtained by computer simula-
tions. Such an analysis allows convenient prediction of stability boundaries and facilitates the
selection of parameter values to guarantee stable operation.
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1.

The basic practical requirement for power sup-
plies is to regulate output voltage. Moreover, this
requirement has to be combined with that of
power-factor-correction (PFC) in the design of most
practical power supplies [Redl, 1994]. De ned as
the ratio of the active power to the apparent
power, the power factor represents a useful mea-
sure of the overall quality level of satisfaction of
power supplies and systems in such areas of per-
formance as harmonic distortion and electromag-
netic interference. Generally speaking, any type
of switching converters can be chosen as a PFC
stage. In practice, taking into account the current
stress and e ciency, the boost converter has been
a favorable and popular choice. The discontinu-
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ous conduction mode of operation has the obvious
advantage of simplicity since no additional control
is required. However, the PFC can be achieved
even when the converter operates in continuous
conduction, through the so-called peak current-
mode control [Holland, 1984; Redl & Sokal, 1985].
In this case, the inductor dynamics is suppressed
by forcing its current (precisely its peak current)
to track some desired wave shape, which is typi-
cally the input voltage in an appropriate magnitude
for power balance. Such a PFC boost converter,
operated under peak current-mode control in con-
tinuous conduction mode, represents the object of
the present study.

The main purpose of the paper is to ex-
amine the stability problem of this circuit from
a bifurcation perspective. In conventional power
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electronics stability is interpreted asa condition in
which the systemis operating in the expected peri-
odic regime. All those subharmonic, quasi-periodic
(consideredunstable regimes,even though perfectly
predictable) and chaotic operations are regardedas
beingundesirableand should be avoided. Hence,the
traditional design objective must include the pre-
vertion of bifurcations within the intended range of
variation of the parametersand it can therefore be
solved on the basis of bifurcation analysis. Since
computer simulations represett a powerful tool
for gaining intuition about nonlinear dynamics of
physical systems,the presen approad re ects this
practical mode of investigation, i.e. we will start
with a seriesof computer simulations to identify
important bifurcation phenomena,followed by an
analytical study.

The rest of the paper is organized as follows.
In the next section, the circuit operation of the
PFC boost corverter under a typical peak current-
mode cortrol is briey presered. In Sec. 3, a
bifurcation phenomenon is studied by computer
simulations. The results are presened in terms of
time-domain waveforms, discrete-time maps and
parameter plots. They reveal an interesting bifurca-
tion phenomenonunder variation of selectedcircuit
parameters. In Sec. 4, the instability condition of
the inner current loop in terms of period-doubling
bifurcation and the corvertional ramp compen-
sation for stabilization of the inner current loop
are consideredin order to con rm analytically the
simulation ndings. The results of this bifurcation
analysis demonstrate an interesting practical be-
havior of this type of PFC corverters, to which no
simple explanation is o ered by traditional theory.

2. System Description

The circuit schematic of the PFC boost corverter
under study is presened in Fig. 1 [Redl, 1994].The
basic circuit of the corverter consists of inductor
L, capacitor C, diode D, switch S and a load re-
sistanceR connectedin parallel with the capacitor.
The switch and the diode are always in complemen-
tary states during the cortinuous mode operation.
Accordingly, two periodically toggling statescan be
identi ed during one switching cycle of period Ts.
The converter con guration under study is
cortrolled by peak current-programming or in peak
current-mode [Holland, 1984; Redl & Solal, 1985;
Kislovski et al., 1996]. In this con guration, the
inductor current i, is chosenas the programming
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Fig. 1. Schematic of the PFC boost converter showing direct
programming of the input current i_. The reference current
iref IS a rectied sine wave whose amplitude is adjusted by
the feedbad loop to match the power level.

Fig. 2. Programming of input current waveform in the PFC
boost converter.

variable and is compared to the reference cur-
rent ie; in order to generatethe switching signal
for switch S. By turning on switch S at the
beginning of the switching cycle, the inductor cur-
rent i_ increaseswhenit reachesthe referencevalue
iref, the switch is turned o and remains o un-
til the beginning of the next cycle (see Fig. 2).
Thus, the averageinductor current is programmed
approximately by if. Bifurcation and chaotic be-
havior have beenreported previously in this type



