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ABSTRACT - A parallel-resonant converter
with zero-voltage-switching, pulse-width-
modulation (ZVS-PWM) control is proposed.
Similar o the previously proposed series-resonant
cournterpart, it has a stmple structure and can be
controlled at a constant switching frequency using
an active-clamp technique. The nearly constant
current output characteristic of the parallel-
resonant converler lends itself beneficially to pre-
cisely controlled constant current power supply
applications. An experimental breadboard fea-
tured an accuracy of + 1% for an output current
of 2A, with an efficiency of 75%.

1. INTRODUCTION
Many resonant converters have been proposed
[1,2].
used to control the output vollage or current of

Generally, variable frequency control is
such converters. Consequently, the output filter
is designed for the lowest switching frequency,
and so the size reduction of the converter is com-
promised. Constant—switching-frequency opera-
tion is highly desired for optimum design of the
output smoothing filters and noise filters. Re-
cently, resonant converter topologies with  con-
stant-switching-{requency  operation and PWM
control have been proposed[3-5], but their circuit
configurations are complicated.

A novel series-resonant converter with ZVS-
PWM pulse-width-
modulation) control was proposed in [6-8]. This

(zero-voltage-switching,
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converter has a simple structure, and constant-
switching-frequency operation can be achieved by
an active-clamp technique[9].

In this paper, a parallel-resonant version with
ZVS-PWM control is proposed. When the con-
verter operates at a switching frequency higher
than its resonant frequency, it can maintain ZVS
operation, and the output voltage or current can be
controlled by the PWM method at a constant
switching frequency. The output characteristics
of this converter are of a constant current source.
Therefore, using PWM control of an active-clamp
circuit results in a precisely controlled constant-
cugrent power supply. An accuracy of £ 1%
deviations for an output cutrent of 2A and an effi-
ciency of 75% have been obtained with an ex-
perimental breadboard.

2. CIRCUIT TOPOLOGY
The circuit topology of the ZVS-PWM-
controlled parallel-resonant converter is shown in
Fig.1, where the output current is regulated
through the feedback loop.
an active-clamp circuit is composed of a main

The inverter with

switch 81, auxiliary switch 52, clamp capacitor
Ca, and inductor La. This inverter yields an ac
voltage with an amplitude-modulated quasi-
square waveform.  The parallel-resonant circuit
composed of Lt and Cr is connected to the above
inverter.  The output side consists of a center-

tapped rectifying circuit and an LC filter.
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Fig.1. ZVS-PWM-controlled parallel-resonant converter
for a constant-current power supply ‘

3. OPERATION AND ANALYSIS

The switching frequency of this resonant con-
verter is set to be slightly higher than resonant
frequency so that the phase of the resonant current
ir lags behind the voltage across the inductor La.
Furthermore, switches S1 and 82 are tommed on
and off alternately with a short dead time, Dur-
ing this dead-time interval, the output capacitance
of the main switch 81 is discharged by the phase-
lagging current ir .  As a result, ZVS operation
of the main switch is achieved. Figure 2 shows
key converter waveforms, where neglecting the
short dead times, one switching cycle is divided
into four states. A precise analysis can be per-
formed using these four siates, but its process is
too complicated to obtain any analytical expres-
sions. Here, we consider a simple procedure to
describe the PWM control mechanism and to ob-
tain some analytical expressions for the output
characteristics.

First, denoting the duty ratio of 81 by D, the
voltage VLa is derived to be a quasi-square wave-
form with peak-to-peak amplitude of Vin/(1-D) as
shown in Fig.2. Then, this quasi-square wave-
form is expanded in Fourier Series as follows:
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Fig. 2 . Key converter waveforms and
Operating states
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VLa(t)=1 _D--x—'kZ:]{T sin(kD x) sm(kwst*d)k)}
ey
where
w = an - Sil‘l(zﬂ'kD)
s s ¢ =tan [ 1-cos(27rkD)]
@

Considering that this voltage is applied to the
resonant circuit and its fundamental frequency
component only is transferred to the output side
due to the strong resonance, the amplitude of the
ac input voltage of the resonant circuit is equiva-
lently given by

Vo :~VL L2 sin(D n)
LA 1— bo
€))

The normalized quantity VLa(1)/Vin versus D is
shown in Fig3. It is evident that the output
voltage or current can be controlled by the duty
ratio D over a wide range. Namely, PWM control
of this resonant converter is achieved at a constant
switching frequency.

Second, connecting the above equivalent input
voltage to the parallel-resonant circuit, the trans-
former, and the output stage, an equivalent circuit

=]

for analysis is obtained as shown in Fig.4, where
Rs is a parasitic resistance associated with the in
ductor Lx, and Rac represents an equivalent ac re
sistance for a full-wave rectifier and an inductor-

input smoothing filter{10], and is expressed as

@)

As a result, the output current Io is derived from
this linear circuit composed of Lr, Cr, Rs, and Rac
as follows:

4 Vin sin(Dr)
lo= * % *
71'2 1-D N Ro
1
er 2
1+2——u120rL) (wGrRs = )
N“Rac N“Rac

(5)

Third, calculating (5) with some parameter
values, the load characteristics are obtained as
shown in Fig.5. Evidently, the output dc current

is precisely controlled by the PWM method.
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Fig.4. Equivalent circuit for analysis
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Fig.5. Calculated result of 1oad characteristics
(Vin=50V)

4. EXPERIMENTAL RESULTS

To confirm the operation of this converter, a
breadboard was built for a constant-current power
supply with the output current set at about 2A.
The circuit parameters are as follows: Input
voltage Vin=50V, La=63 u H, Ca=0.1 u F
Lr=14.0 u H, Cr=44 8uF, transformer's tutns ratio
N=1, Lo=43 u H, Co=1200 1 F, and switching
frequency f5=220kHz. Figure 6 shows the load
characteristics of this converter. We see a nearly
constant current characteristic.  Furthermore, the
output current can be varied by the duty ratio D of
the main switch. Therefore, under feedback con-
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Fig 6. Experimental result of load
characteristics (ViE50V)
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trol with a current sensor, the output current can
be precisely regulated at a predetermined value.
Figure 7 shows the experimental results of the
regulation characteristics, for the varation of the
input voltage Vin in Fig.7(a), and for the load
variation in  Fig.7(b).  As seen from these fig-
ures, a high accuracy of = 1% is achieved.
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Fig 7. Output-current regulation



Furthermore, these figures show the experimental
results of power conversion efficiency, and we see
that a maximum efficiency of 75% is achieved.
In the case of a higher oulput voltage, a higher ef-
ficiency may be obtained.

Figure 8 shows some experimental current
and voltage waveforms which confirm normal
operation. Finally, Figure 9 shows noise char-
acteristics of the output current and voltage.
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Fig.9. Noise ripples of output current and voltage
(Io=2.2A, Vo=25V)

5. CONCLUSIONS

A ZVS-PWM-controlled parmallel resonant
converter using an active-clamp technique has
been proposed and its steady-state characteristics
have been examined by experiment. It was
found that the output current of this converter can
be regulated precisely by means of a PWM con-
trol scheme at a constant switching frequency.
An experimental circuit operating at 220kHz was
constructed and yielded a maximum efficiency of
75% at an output current of 2A.

The proposed converter circuit shows promise
as a power supply for an optical fiber communi-
cation system[11] due to its accurate constant cur-

rent property.
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