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ABSTRACT

Two AC-DC PWM full-bridge converters that can shape the mput current to 1mprove mput power factor while
performing de-de conversion are mvestigated m this paper Both converters are simple m that they are simular to the
standard PWM full-bridge converter with a diode rectifier/LC low-pass filter mput, and both can operate with a simple
method of PWM control. In the paper, the operation of the converters 1s explained and their steady-state characteristics are
discussed. The feasibility of the converters and their ability to meet EN61000-3-2 Class D standards for electrical
equipment are shown with results obtamed from expermmental prototypes The performance of both converters 1n terms of

dc bus voltage level, input power factor and efficiency 1s compared and discussed.
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1. Introduction

Power converter manufacturers are bemg pressured by
regulatory agencies to implement some form of power
factor correction (PFC) i their products. The increasing
use of electrical equipment such as computers,
telecommunications systems, consumer electronics, etc by
society threatens to tncrease the amount of harmonic
pollution m the ac utility grid, and regulatory agency
standards on current harmonic content such as EN61000-
3-2 are being enforced to try to reduce the problem For
conventional two-stage ac-dc converters with output
1solation where an ac-dc rectifying stage and an 1solated
de-de canversion stage are used, this has meant replacing
the traditional passive diode rectifier/LC filter mnput
combination with a boost converter n the rectifying stage.
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The boost converter can shape the mput line3-2, but an
additional switching converter must be current so that 1t 13
more sinusordal and with a harmonic content comphant
with agency standards such as EN61000- mplemented.
and the cost complexity of the overall two-stage converter
are therefore increased

Converters that mtegrate the PFC and de-dc conversion
functions 1w a single switching converter have been
proposed to try to minimize these disadvantages 'Y,
Most of this research, however, has focused on low power,
“integrated” forward converters, and there has been much
less mvestigation done on higher power full-bridge type
converters (> 500 W). Of the full-brndge ntegrated
converters that have been previously proposed B most
have at least one of the followng major drawbacks: (i)
They produce an output voltage with a large low frequency
(120 Hz) npple, which hmits them to applications where a
tightly regulated output voltage 1s not required. (1) They
do not have an energy storage capacitor across the dec bus,
which causes high voltage overshoots and ringing to
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appear across the dc bus unless damped by a lossy snubber
{u1) They do have an energy storage capacitor across the
bus, but the voltage across this capacitor 1s excessive (1e
> 500-600 V) (1v) They are complex and require the
addition of auxiliary transformers and extra components
PWM full-bridge converters that can operate with
mtegrated PFC and satisfy the EN61000-3-2 Class D
standards for electrical equipment, but without the above
disadvantages have been proposed by the authors and
studied 1 detall n [15] and [16] Both converters are
sunple n that they are simlar to the standard PWM full-
bridge converter with a diode rectifier/LC low-pass filter
mput, and both can operate with a simple method of PWM
control In the paper, the operation of the converters 1s
explained and therr steady-state characteristics are
discussed The feasibihty of the converters and their
ability to meet EN61000-3-2 Class D standards for
electrical equupment are shown with results obtained from
expermmental prototypes The performance of both
converters in terms of dc bus voltage level, input power

factor and efficiency 1s compared and discussed

2. Converter Operation

The two converieis, which will henceforth be referred to
as Converter A and Converter B 1 this paper, are shown
m Fig 1 and Fig. 2 respectively. Converter A, 1s
representative of typical mtegrated forward and full-bridge
converters where the number of energy-transfer modes n a
single switching cycle 15 matched by the number of times
energy from the mput inductor 1s transferred to the energy
stotage capacitor. Converter B 15 a simphified version of
Converter A and has the property of having a lower
number of times 1 a switching cycle that energy is
transferred from the input inductor to the energy stoiage
capacitor This 15 a property that 1s possible only in full-
bridge type integrated converters and not i forward-type
mtegrated converters, and can result m a lower dc bus
voltage V ¢y, than that found in other integrated converters
The mam difference between these converters and the
conventional PWM full-bridge converter with a diode
rectifier/LC filter mput 1s that the input inductor, Ly, 1s
connected to both bottom converter switches m the case of
Converter A and 1t 15 connected to a single bottom switch
in the case for Converter B This allows the bottom
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Fig 1 Integrated PWM full-bridge Converter A
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Fig 2 Integrated PWM full-brnidge Converter B

switch(es) to shape the mnput current while the convester 15
performing de-de conversion mn a way that 1s sumular to that
of a standard full-bridge converter In order for this to
happen, however, a different PWM techmque than the
standard phase-shift control techmque typically used in a
full-bridge converter must be used In the standard phase-
shift PWM technique, the gating signals have the same
duration and the control 1s performed by shifting the
gatings signals of the switches 1n one converter leg with
respect to those of the other leg. For Converters A and B,
the gating signals of the switches 1 a converter leg are
asymmetrical with the bottom switch having a pulse width
of DT gy,/2 (where D 1s the converter duty cycle and Tgy, 15
the switching pertod} in order to perform the mput current
shapmg.

The converter 1s 11 an energy-transfer mode and energy
1s transferred from the dc bus capacitor on the primary side
to the output whenever a pair of diagonally opposed
switches are on It 15 1n a freewheeling mode whenever
both bottom switches are off. In the case of Converter A,
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energy stored i L, 1s transferred to Cy, whenever the
convertet 1s 1 a freewheeling mode. In the case of
Converter B, the transfer of energy from L, to Cy, may
occur only after every other freewheeling mode, depending
on whether the mstantaneous mput current 1s larger or
smalter than the transformer primary current

Converters A and B can operate 1t any one of several
possible combinations of operating modes. The output
section of the converter can operate 1 either the
discontinuous conduction mode (DCM) or the confinuous
conduction mode (CCM) The input section can operate 1n
DCM, CCM, or a semi-continuous conduction mode SCM,
which is a combmation of DCM and CCM  Regardless of
the combination of mput and output section modes, both
converters pass through several distinet intervals of
operation during a single steady-state switching cycle The
operating intervals for Converter A are as follows with the
case when the mstantancous input current s greater than
the 1nstantaneous transformer primary current bemg
presented first, then the case when the mput current 1s the

smaller current

21 Input current (l;,) is greater than the
transformer primary current (Ip)
The primary-side equivalent circuits and the operating
waveforms of the converter for this case are given m Figs.
3 and 4 respectively

(a) Interval 1 [ty - t1], (Fig 3(a)):

Switches S| and S4 are on at t = tg, and the voltage
across the transformer primary 13 equal to the voltage
across Cp, Vi The input current rises as power 1s being
transferred to the load. Its value at t) 1s

Vin, rec, k Dk Tsw

2Ly M

Tin, k(t1) = lin, k(t0) +

where, Iy k(10) 15 the oniginal mput current before the
start of Interval 1 (this 18 zero 1f the mput current 1s
discontmuous), Vi rec ) 15 the diode bridge rectifier
voltage during Interval 1, Dy 1s the duty-cycle, and Tg,, 15
the switchung period of the full-bndge converter The
current flowing through Sy 18 Ip,k’ the transformer primary
current (the sum of the reflected secondary current and the
magnetizing current, assumed here to be neghgible) and
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Fig 3 Operating mfervals for a halfeswitching cycle for
Convert-er A when the mstantaneous 1nput current 15 greater
than the 1nstantaneous transformer primary current

the current flowing through S4 1s
g4,k = I,k +1p,k 2)

(b) Interval 2 [tg - €], (Fig. 3(b)}:

Switch 84 15 turned off at t = t; and capacitors Cg3 and
Cgq discharge to zeto and charge to V¢ respectively
Energy from the 1mput mductor L, the output inductor L,
and the transformer leakage inductance Lii 1s available for
this task

(<) Interval 3 [ty - t3], (Fig. 3(c)}:

The converter 15 in a freewheeling mode as the voltage
across the transformer primary 18 zero The current flowrng
through Dy 15 Ip k- The remaming current, Iy -k, i, 15
divided between S and Dy, with the voltage drop across
$1 clamped by Dy2 The current {lowmg wmte energy-
storage capacttor Cp, is

Ich =181,k T1Ds3,k =lin, k (3)
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Fig 4 Typical waveforms for Converter A when the mstant-
ancous 1nput current 1s greater than the instantaneous

transformer primary current

The mput current falls because the voltage across the
input inductor 1s equal to the difference between the mput
voltage and Vg (which 1s larger than the iput voltage).

The mput current at the end of Interval 3, tg, 15

(Vbus - Vm, rec,k YTy
2L

I, k(t3) = lin, k(12) —

where, Iy k(t2) 18 the mput current value at the
begmming of Interval 3 and diTg is the duration of the
mterval. Iy, | =0 and Dy + dy < I when the mput current

15 discontinuous,

(d) Interval 4 [t3 - t4], {Fig. 3(d)):

Switch Sy 1s turned off at t = t3. The converter 1s still 1n
a freewheeling mode, but the distribution of the current
between the anti-parallel diode of 81 and Dy 1s different

(e) Interval 5 [ty - t5], (Fig. 3(e)):

Switch S7 1s turned on at t = t4, and the current that was
flowng through S| and Dy > now flows through this switch

The current flowing through Sy during this mterval 1s

~ Vpbus(t— t4))

152,k = lin,k —Up,k Lo
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(e) [t4- t5]

Fig 5 Operatmg intervals for a half-switching cycle for
Converter A when the instantaneous mput current 1s less than the
mstantaneous transformer primary current

and the current flowmg through the anti-parallel diode of
S5 decreases, reaching zero at t = t5.

(f) Interval 6 [i5- tg], (Fig. 3(f)):
At t = tg, the transformer primary current begmns to flow

it the opposite direction and continues to rise untill t = tg
After t = tg, the converter 15 m the same state as 1t was
after t = t(), except that switches Sy and S3 are on mnstead
of §7 and S4.

2.2 Input current ({lj,) is less than the

transformer primary current (Ip)

The primary-side equivalent circuits and the operating
waveforms of the converter for this case are given in Fig 5
and Fig. 6 respectively. The operating intervals during a
half switching cycle when the instantaneous mput current,
Lin o 18 less than the transformer primary current, L i, are
very simular to those when L, ¢ > Iy o with one exception
The tlow of current m the full-bndge switches when the
converter 16 (n a freewheeling mode 15 different. During
Intervals 3-5 (Figs. 5(c)-(e)), the difference between
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Fig 6 Typical waveforms for Converter A when the
mstantaneous nput current 1s greater than the instantaneous

transformer primary current

the transformer primary current and the wput current flows
through S then discharges and charges Cq; and Cgy
respectively after S| 1s turned off. This current eventually
flows through the anti-paraliel diode of S5. Regardless of
how current flows in the full-bridge during a freewheeling
mode, the flow of mput current through the converter

remains the same when [m,k >or< lp,k-

2.3 Operating intervals for Converter B

The operating mtervals of Converter B are a
combination of those of Converter A for one leg, and those
for a conventional PWM full-bridge converter for the
other because Converter B has input inductor L, attached
to only one of its legs. These tervals will therefore be not
be discussed mn detarl except to explamn the cirewt
operation during the particular mtervals shown in Fig 7.
In Fig 7(a), the converter 1s shown to be operating with
switches S7 and S5 on. In this case, the converter 15 1n an
energy-transfer mode as the dc bus voltage 1s placed
across the transformer primary and energy from capacitor
Cyp, 15 transfer to the output. While this is occurrmg, the
full rectified mput voltage 1s placed across L,,, and the
mput current will rise. In Fig. 7(b) the converter 1s shown

to operate with switches S| and S4 on.

Copyright (C) 2003 NuriMedia Co., Ltd.

Fig 7 Energy transfer mode operating mntervals for Converter B

This 18 also an energy- transfer mode, but the net
amount of energy transfer 1s dependent on whether the
instantaneous mput current Ly, | 1s greater or less than the
mstantaneous transformer primary current lp,k' If Im,k 18
greater than Iy, then the difference between the two
current will flow into capacitor Cy, If Ijp i 15 less than Ip k
then the difference between the two current will flow out
of Cy,. If the Iy 15 zero, which may be the case if the
input current 15 discontimuous, then the converter operates
in the same manner as a standard PWM full-bridge
converter.

3. Steady-State Characteristics

An analysis of the charactenistics of Converters A and B
was performed n [15] and [16]. The key parameter that
was dentved m both cases was the dc bus/storage-capacitor
voltage V(, because 1t 1s only when this 1s determined
that the values for the other parameters can be determined.
Special efforts have to be made to determine V¢, because
15 not solely regulated by an independent ac-dc boost PFC
stage like a conventional iwo-stage converter, and
therefore cannot be kept constant. This voltage was
derived by noting that an energy equmlibrium must exist for
storage-capacitor Cy, when the converter 15 m steady-state
operation, The energy pumped mto the capacitor from the
nput section must be equal to the energy that Cy, provides
to the output, so that the net dec current flowing m and out
of Cy, must be zero during a half-line cycle

From the analysis of the converters, the following
general charactenstics were noted

1) When output current I, and input current I, are both
discontinuous, Vi, remains constant regardless of
what the load 1s. It1s dependent on the ratio of L /L,
and on the transformer turns ratio N

2) When Iy and L, are both continuous, Ve again
remams almost constant regardless of what the load 15
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It 15 dependent mamly on the transformer turns ratio
N, and shghtly on the ratio of L,/L, This 1s
particularly true 1f I, and I, are deep in contmuous
current mode CCM,

3) The voltage across capacitor Cy,, Vi, will increase
when the load decreases 1if 1, 15 discontmuous and
output current I, 18 continuous.

4) Vi, decreases as Ly, 1s increased and the other
component values are kept constant, especially when
Ly, 1s fully discontinuous

5) Vi, decreases as L, 15 decreased and the other
component values are kept constant, especially when
Liyy 15 fully discontinuons

6) Vo, decreases as transformer turns ratio N = N1/Ny
1s decreased and the other component values are kept
constant,

Several of these properties can be seen 1 the graph
shown in Fig, 8, which 1s a graph of dc bus voltage Vi, vs
output power for various combinations of transformer
turns ratio N, mput mductor L,,,, and output inductor L,
for Converter B For example, 1t can be seen that when L,
=20 uH and L;;; = 160 pH and N 1s changed from 2 5 to
3.5, the dc bus voltage will in fact be increased Also as an
example, it can also be seen that the curve for N = 2.5, L,
= 20 pH and L,;; = 50 uH 1s more constant under light
load conditions than the other curves due to the fact that
L, 1s smaller and both mnput and output current are m
discontinnuous current mode (DCM)

De Bus Voltage (V)

250
200 T
150 T
—e—N=25,Lo = 20uH,
100 1 Lin=160uH
—a— N=25, Lo =20ul,
Lin = 50uH
50 T —a— N=3 5, Lo = 20uH,
Lin = 160uH
—%—N=25,Lo = 10uH,
0 , . . Lm=160uH, .

50 100 150 200 250 300 350 400 459 500
Qutput Power (W)

Fig & Dc bus voltage vs output powes for V,, = 100 Vrms and
Vo =48 V for Converter B
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4. Experimental Results

In order to compare the performance of Converters A
and B, an expernmental prototype was built to operate
under the following conditions

Input voltage V,,, = 85 — 265 Vrms
Output voltage V, =48 V

Maximum output power P, = 500 W
Maximum dc bus voltage Vo <450 V
Switching frequency Fgy, = 50 kHz

Three different sets of results were obtamned- The first
set was for the case of Converter A designed to operate
across the full input voltage range with L, = 203 nH and
Ly=4.5 uH (Case 1)

The second set was for the case of Converter B
designed to operate across the full mput voltage 1ange with
L, = 140 uH and L, = 32 UH (Case 2)

The third case was for the case of Converter A designed
to operate with the same set of values as those used for
Case 2 except with the put voltage range restricted to
Vip = 85 — 132 Vrms (Case 3} A common value of
transformer torns ratio of N = 2.5 was used for all three
cases 1n order to facilitate the investigation

Figs 9(a) and (b) show the mput current waveforms for
Converter B 1 Case 2 when 1t 1s operating with P, = 500
W and with Vi, = 230 Vrms and 100 Vims respectively
The mput current waveforms for the other two cases are
very similar

'
Lo

|

(a) (b)

Fig 9 Input voltage and current waveforms for Converter B
operating at Py = 500 W, (a} V,; = 230 Vrms, scale V 200
Vidiv,1 4 A/div, t sms/div, (b) V,; = 100 Vrms, scale V 40
Vidiv,1 10 A/div ,t Sms/div
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Fig 10 Input current harmonic content at V,,, = 230 Vrms and
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Fig 11 Input cunient harmome content at V,, = 230 Vrms and
P, =300 W, (a) Case 1 (b) Case 2 (c) Case 3

Figs. 10 and 11 show the worst-case mput current
harmomic content for Vi, = 230 Vrms and 100 Vrms for
all three cases Thius will occur under full-load conditions
at Py = 500 W for all three cases Fig 10 shows the
harmonic content for Cases 1 and 2 when V;;, = 230 Vrms
and Fig, 11 shows the harmonic content for Cases 1, 2, and
3 when Vy, = 100 Vrms, Although the EN61000-3-2
standard for Class D electrical equipment 1s valid up to an
mput power of 600 W (after which Class A standards
apply), and the mput power in some of the cases exceeded
the 600 W level, the Class D standard was used since the
maxunum nput power 15 close to the 600 W level and 1t 1s
more stringent than the Class A. Since the Class D linmts
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Fig 12 Expermmental dc bus voltage vs outpyt power

are satisfied for the worst-case current 1n all three cases
under mnvestigation, then so too will the limits be met
under lighter load conditions

Tigs. 12, 13, and 14 show graphs of dc bus voltage V.
mput power factor, and converter efficiency vs. load for
various values of V,,, rangmg from 100 Vrms to 230
Vrms (which was the maximum nput voltage available to
mvestigate Cases I and 2) It can be seen that the dc bus
voltage can be kept at a maximum of about 400 V with a
230 V mput (and can be kept at below 450 V fora 265 V
mput), that the mput power factor can range from
approxmmately 0.8 to 093, and that a maxitmum converter
efficiency of approximately 85% can be aclhieved

The characteristics of Converter A and B operating in
the three cases described above and somewhat different
than those found n a standard two-stage converter system
with a boost converter front end supplymg power to a full-
bridge de-de converter These differences come from the
fact that the dc bus voltage 1n an integrated converter 1s
not constant smce there 1s no ndependent means of
controlling this voltage as there 18 1n a two-stage converter,
The dc bus voltage will vary depending on operating
condition,

When looking at Figs 12 —14 and comparing all three
cases, 1t can be seen that Converter B (Case 2} generally
has the better performance Most of the improvement n
performance 1s a result of the fact that Converter B can
operate with a lower dc bus voltage than Converter A
because energy from the mput nductor 15 pumped less
often mto the energy storage capacitor for the same
operatng point. In order to mamtan the de bus voltage of
Converter A at a level less than 450 V for a high line
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Fig 13 Experimental mput power factor vs output power, (a}
mput voltage V,, = 230 Vrms, (b} input voltage V,,, = 100 Vrms

mput, the output mductor has had to have been made fairly
small to produce a lughly discontinuous output current
The output current 1s much more continuous for Converter

B

Converter B has a higher efficiency than Converter A
operating both 1n Case 1 and m Case 3 mamly because 1t
can be more easily designed to have a lower dc bus
voltage than Converter A Since Converters A and B were
implemented expermmentally without soft-switching, a
lower dc bus voltage would result in less voltage bemng
placed across the converter switches and therefore fewer
switching losses This phenomenon also explains the fact
that both Converters A and B exhibit a hugher light load
effiency at low line nput voltage when the dc¢ bus
voltage 1s lower than at high line mnput voltage. Converter
B can also operate with a ligher mput power factor than
Converter A when 1t 1s operating m Case 1 or n Case 3 In
the case of Case 1, Converter A 15 operating with a larger
mput mductor that Converter B 15 m Case 2 (L, =203 uH

vs L,y = 140 pH).
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Fig 14 Expenimental efficiency vs output power, {a) mput
voltage V,,, =230 Vrms, (b) mmput voltage V,,, = 100 Vims

Since Converter B 1s operating with a smaller input
mdugctor, 1ts mput current 1s much more likely to follow a
simnusoidal envelope than 1s Converter A, therefore 1t will
operate with a higher input power factor When Converter
A 15 operating as 1t 18 m Case 3 with the same mput
mductor as Converter B in Case 2, then Converter B will
operate with a mgher mput power factor for the following
reason Sice Converter B can be made to operate with a
lower de bus voltage for a particular operating pomt, 1t
will operate with a higher duty cycle than Converter A wall
for the same duty cycle D. If output voltage V, =
VpD/N then D will be igher for Converter B than 1t will
be for Converter A for the same V|, Smce the shape of the
mput current for an integrated converter 1s determined by
the converter duty-cycle, operating with a larger duty-
cycle means that the input current will start to rise sooner
m the line cycle, making 1ts overall shape more spread out
and therefore more sinusoidal and/or making its
fundamental component more w phase with the mput
voltage The latter situation can be seen in Figs 10, 11 and
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I3 for the graphs of the varous cases when P, = 500 W
where there 15 Iittle varation in put harmonic content
among the various cases but there 1s variation 1n power

factor.

5. Conclusion

Two PWM full-bridge converters that simultaneously
petform mput power factor correction and dc-de
conversion were examined in this paper Both converters
have a simple topology as they are very similar to the
standard PWM full-bndge with a diode rectifier/LLC filter
tront-end except for some shght modifications. The first
converter, Converter A, is representative of typical
integrated forward and full-bridge converters where the
number of energy-transfer modes m a single switching
cycle 1s matched by the number of times energy from the
mput nductor is transferred to the energy storage
capacitor. The second converter, Converter B, 15 a
simplified version of Converter A and has the property of
having a lower number of times 1n a switching cycle that
energy 1§ transferred from the wnput inductor to the energy

storage capacitor

In the paper, the operation of both converters was
explamed and theirr general steady-state characteristics
were iscussed. Both converters were implemented with
an expenimental prototype. It was shown that both
converters are feasible, and that both can be designed to
meet EN61000-3-2 Class D standards for electrical
equipment while mamntaimng a dc voltage of less than 450
V, an mput power factor ranging from 0.8 to 0,95, and a
maxinum efficiency of approximately 85% Converter B
was found to have a superior overall performance than
Converter A, maimly because of 1ts ability to operate with

lower dc bus voltages for the same operating points

References

[I] M Madngan, R Erickson, and E Ismail, "Integrated high
quality rectifier-regulators,” [EEE PESC Conf Rec, pp

1043~1051, 1992

{2} R Redl, L Balogh, and N O Sokal, "A new famly of
single-stage 1solated power-factor correciors with fast
regulation of the output voltage," IEEE PESC Conf Rec,

pp 1137~1144, 1994

[3] F-S. Tsa, P Markowski, and E Whitcomb, "Off-line

Copyright (C) 2003 NuriMedia Co., Ltd.

flyback converter with mput harmonic current correction,”
IEEE INTELEC Conf Rec, pp 120~124, 1996

[4] M Danele, P Jan, and G Joos, "A single stage power
factor corrected ac/de converter," IEEE INTELEC Conf
Rec ,pp 256~262, 1996

[51 S Korotov, R Miftakhutdmov, A Nemchinov, and S.
Fraidlin, "Asymmetrical half-bridge in a single stage PFC
AC/DC converter," IEEE APEC Conf Rec,pp 484~488,
1997

[6] L Huber and M. M Jovanovic, "Single-stage, single-
switch mput-current-shaping techmique with fast-output-
voltage regulation", IEEE Trans on Power Elec, vol 13,
no 5,pp 476~486, May 1998

[7] C Quac and K M Smediey, "A topology survey of single-
stage power factor corrector with a boost type mput-
current shaper," I[EEE APEC Conf Rec, pp 460~467,
2000

[8] M J Schutten, R L Steigerwald, and M H Kheraluwala,
"Characterisitcs of load resonant converters operated in a
high power factor mode", IEEE Trans. Power Elec , vol 7,
no 2, pp 304~314, Apr 1992

[®1 R L, C Q Lee, and | Bataresh, "A unified approach to
the design of resonant power factor correction circuits,”
IEEE PESC Conf Rec, pp 181~188, 1992

[10] Y lang and F C Lee, "Single-stage sigle-phase parallel
power factor correction scheme”, JEEE PESC Conf Rec,
pp 1145~1151, 1994

[I11] H Bengassmi, J-P Ferrieux, and J Barbaroux, "Current
source resonant converter . power factor ¢orrection,”
IEEL PESC Conf Rec,pp 378~384, 1997,

[12] G Moschopoules, P Jain, G Joes, and Y -F L, "A
single stage zero-voltage switched PWM full-bridge
converter with power factor correction," m [EEE APEC
Conf Rec ,pp 457~463, 1997

[13] 7-G Cho, J-W Baek, D I Song, and G-H Rim, "A
smgle stage zero-voltage switched PWM full-bridge
converter with power factor correction," JEEE APEC Conf
Rec ,pp 471~476, 1997

{141 P K Jamn, ] R Espmnoza, and N A Ismail, "A single-
stage zero-voltage zero-current-switched full-brnidge DC
power supply with extended load power range," IEEE
Trans on Ind Elec, vol 46, no 2, pp 261~270, Apr
1999

{15] Mer Quu, Gerry Moschopoulos, Humberto Pinherro, and
Praveen Jain, "Analysis and design of a single-stage power
factor corrected full-bridge converter,” IEEE APEC Conf
Rec,pp 119125, 1999

[16] Gerry Moschopoulos, "A simple ac-dc PWM full-bridge
converter with mtegrated power factor correction," to be
published in JEEE INTELEC Conf Rec 2001



116 Journal of Power Electronics, Vol. 1, No. 2, October 2001

a design engineer in the Advanced Power Systems
Division of Nortel Networks in Lachine, Canada. From
1998 to 2000, he was a postdoctoral fellow at Concordia
University where he performed research in the area of
power electronics for telecommunications applications. He
is presently an Assistant Professor at the University of

Western Ontario in London, Ontario, Canada.

clectrical engineering. Presently, he is a Professor and
Canada Research Chair in Power Electronics at Queen’s
University in Kingston, Ontario, Canada. From 1994 to

Copyright (C) 2003 NuriMedia Co., Ltd.

Gerry Moschopoulos (5'89, M'98)
received the B.Eng, M.A.Sc and Ph.D
degrees from Concordia University in
Montreal, Canada, in 1989, 1992, and
1997, respectively, all in clectrical
engineering. From 1996 to 1998, he was

Praveen K. Jain (5'86, M'88, M'91)
received the B.E.(Hons.) degree from
the University of Allahabad, India, the
M.A.Sc and Ph.D degrees from the
University of Toronto, Canada, in 1980,
1984, and 1987, respectively, all in

2000, he was a Professor at Concordia University,
Montreal, Canada, where was engaged in teaching and
research in the field of power electronics.

Prior to this (1989-1994) he was a Technical Advisor with
the Power Group, Nortel Networks, Ottawa, Canada,
where he was providing guidance for research and
development of advanced power technologies for
telecommunications. During 1987-1989, he was with
Canadian Astronautics Ltd., Ottawa, Canada, where he
played a key role in the design and development of high
frequency power conversion equipments for the Space
Station Freedom. He was a design engineer and production
engincer at Brown Boveri Company and Crompton
Greaves Ltd., India, respectively during the period of
1980-1981. He also has considerable consulting
experience with the industry.

Dr. Jain has published over 150 technical papers and
has 25 patents (13 awarded & 12 pending) in the area of
power electronics. His current research interests are power
clectronics applications to space, telecommunications and
computer systems. He is a member of Professional
Engineers of Ontario and an Associate Editor of [EEE
Transactions on Power Electronics.



	A Study fo AC-DC PWM Full-Bridge Integrated Converter Topologies
	ABSTRACT
	1.Introduction
	2.Converter operation
	3.steady-State Characteristics
	4.Experimental Results
	5.Conclusion
	References


