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Abstract—In this paper, a new active snubber cell that over-
comes most of the drawbacks of the normal “zero voltage transi-
tion-pulse width modulation” (ZVT-PWM) converter is proposed
to contrive a new family of ZVT-PWM converters. A converter
with the proposed snubber cell can also operate at light load condi-
tions. All of the semiconductor devices in this converter are turned
on and off under exact or near zero voltage switching (ZVS) and/or
zero current switching (ZCS). No additional voltage and current
stresses on the main switch and main diode occur. Also, the auxil-
iary switch and auxiliary diodes are subjected to voltage and cur-
rentvalues at allowable levels. Moreover, the converter has a simple
structure, low cost, and ease of control. A ZVT-PWM boost con-
verter equipped with the proposed snubber cell is analyzed in de-
tail. The predicted operation principles and theoretical analysis of
the presented converter are verified with a prototype of a 2 kW
and 50 kHz PWM boost converter with insulated gate bipolar tran-
sistor (IGBT). In this study, a design procedure of the proposed
active snubber cell is also presented. Additionally, at full output
power in the proposed soft switching converter, the main switch
loss is about 27% and the total circuit loss is about 36% of that
in its counterpart hard switching converter, and so the overall ef-
ficiency, which is about 91% in the hard switching case, increases
to about 97%.

Index Terms—Active snubber cells, soft switching, zero current
switching, zero current transition, zero voltage switching, zero
voltage transition.

. INTRODUCTION

P

Inrecent years, a number of zero voltage transition (ZVT) and
zero current transition (ZCT) PWM converters have been pro-
posed by adding resonant active snubbers to conventional PWM
converters to combine the desirable features of both resonant
and normal PWM techniques [3]-[5], [7]. In these converters,
the turn on or off process takes place under ZVS and/or ZCS
during a very short period of ZVT or ZCT time provided by a
resonance. Consequently, because the resonances occur during
very short periods of time, the converter acts as a normal PWM
converter during most of the time. However, the on and off states
of the PWM operation have a minimum time duration because
of the operation features of the snubber components [2], [8].

Inthe conventional ZVT-PWM converter [2], the main switch
is perfectly turned on under ZVS and near ZCS by ZVT with a
parallel resonance. The main diode is turned on and off with
ZVS. The load current and the reverse recovery current of the
main diode and the energy of the resonant capacitor including
the parasitic capacitor of the main switch are transferred to the
resonant inductor by an auxiliary switch. However, the main
switch is turned off with only near ZVS and the auxiliary switch
is turned on with near ZCS. Moreover, the operation of the cir-
cuit is strongly dependent on line and load conditions. The turn
off of the auxiliary switch with soft switching and the transfer
of the energy stored in the inductor are very difficult to carry out
and require additional circuits. There has been much research in

ULSE width modulated (PWM) dc—dc converters havilis area to solve these problems [2], [3], [5], [7], [9], [12].

density, fast transient response and ease of control. HigiRérfectly turned off under ZCS and ZVS by ZCT with a serial

power density and faster transient response can be achieved@gpnance. The auxiliary switch is turned on with near ZCS. The
increasing switching frequency. However, the more switchir@Peration of the circuit is very lightly dependent on line and
frequency increases, the more switching losses and electrad conditions. However, the main switch is turned on and main
magnetic interference (EMI) noise occur. For this reasofliode is turned off simultaneously with hard switching, so that
the switching frequency can be increased by decreasing ghéhort. cirguit occurs at the same time.. The prevention (_)f this
switching losses through circuits called snubber cells [1]-[1hort circuit causing losses and EMI noise of large magnitudes
In literature, there are many types of proposed snubber celisvery hard to realize. Also, the auxiliary switch is turned off
such as RC/RCD, polarized/nonpolarized, resonant/nonre¥fth hard switching, and the parasitic capacitors of the switches
nant, and active/passive snubbers [1]. discharge through the switches [3], [5].

In resonant converters, switching losses are significantly re-In addition, most active snubber cells are seriously criticized
duced by means of the commutations which are realized wiH€ 0 their complexity and thus high cost and difficult control,
either zero voltage switching (ZVS) or zero current switching '2rge amount of circulating energy and so excessive voltage
(ZCS). But, in these types of converters, excessive voltage &l current stresses, and also narrow line and load ranges [3],
current stresses occur, and power density is lower and contrdii8l-

harder than normal PWM converters [3], [4], [6]—[8]. In recent years, the insulated g_ate_bipolar_transistpr (IGBT)
has been broadly used as a switching device in high power

industrial applications. While an IGBT has high switching
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Le De B. Operation Stages
T Dt . .
T e e Seven stages occur in the steady state operation of the pro-
: L ;,c:’ 0 posed converter over one switching cycle. The equivalent circuit
+ | schemes of these operation stages are given in Fig. 2(a)—(g) re-
Vi (i) S 2R, spectively. Key waveforms concerning the operation stages are
‘ . < . .
D, - shown in Fig. 3.
T_l Ce TV, 1) Stage 1§y < t < t2: Fig. 2(a)]: At the beginning of
! T - this stage, the main transistér and the auxiliary transistdfs,
are in the off state. The main diodey is in the on state and

conducts the curredt of the main inductoL . At the moment
t = to, the equationg;, = 0,i7, = 0,ip, = L,ve, =V,
andvc, = 0 are valid.
tionally, it has a simple structure, low cost, and ease of control.At ¢ = ¢, a turn on signal is applied to the gate of the aux-
This snubber cell basically consists of an inductor, a capacitiiary transistorZs. The devicesD,. andZ’ are turned on under
an auxiliary transistor and two auxiliary diodes. A ZVT-PWN\nhear ZCS. The rise rate of the current throdghandZ?s is lim-
converter with the proposed active snubber cell can also operiégel by the snubber inductdt,.. During this stage> current
at light load conditions. All of the semiconductor devices inses andDr current falls simultaneously and linearly. For this
this converter are turned on and off under exact or near Z\é&ge, the following equations can be written generally as
and/or ZCS. No additional voltage and current stresses on the
main switch and the main diode occur. Also, the voltage and . . Vo
current stresses on the auxiliar i, =i, = 7-(t—to) (1)

y components stay at allowable L,
levels. A ZVT-PWM boost converter equipped with the pro- ) ) v,
posed snubber cell is analyzed in detail. The predicted operation ipp =li—ip. =1 - L_T(t ~ to)- @
principles and theoretical analysis of the proposed converter are
verified with a prototype of a 2 kW and 50 kHz IGBT-PWMIn the interval of this stage, first at= ¢;,75 current reaches

Fig. 1. Circuit scheme of the proposed new ZVT-PWM converter.

boost converter. I, and Dy current falls to zero. Ther¥, current continues to
rise andDg current continues to fall. As a result, at= ¢.,
II. OPERATION PRINCIPLES AND ANALYSIS the reverse recovery current bfx drops to— I, thus the main
A. Definitions and Assumptions di(_)deDF is turned off under ZVS and this stage finishes. For
: this stage
The circuit scheme of the proposed new ZVT-PWM boost
converter is shown in Fig. 1. The proposed active snubber cell L,
basically consists of a snubber inductds. ), a resonant capac- for = Voli )
itor (C), an auxiliary transistofZ» ), and two auxiliary diodes . . V.,
(D; andD,). Naturally, the auxiliary transistdr, has a lower b, =tn, =1L+ L_,,(t —t) )
power rating and is faster than the main transigtor In the ) V.,
proposed converter, the capacitdr in parallel with7} is not tDp = _L_,,(t —t) ®)
required, and the diod®r, in antiparallel withZ; may not be In,, =ir (t2) =in,(t2) = L + Inn (6)
used. The diod®,. in series withL,. can be used for the same I . _
i D, =tpp(te) = —In (1)
purpose as that in the normal ZVT-PWM converter. The capac- 2 I
itor C,. can be assumed to be the sum of the parasitic capacitor tio =ty = —1,, (8)

of 77 and the other parasitic capacitors incorporating it. Vo

The following assumptions are made to simplify the steaq:y

. L A . .. can also be written. Heré&.. andt,, are the reverse recovery
state analysis of the circuit given in Fig. 1 during one swnchln&ment and the reverse recovery time of the main diby

cycle. _ respectively, for the values df- = I, and—di/dt = -V, /L,..

a) Input voltageV; is constant. ~ Therefore, at the end of this stage, the main dibgeis turned

b) Output voltageV, is constant or output capacitfr is  off with ZV'S, and the input current; and the reverse recovery
large enough. currentl,, of the main diode are commutated to the snubber

¢) Input currentl; is constant or main inductdt  is large inductor L, and the auxiliary transistcfs .
enough. 2) Stage 2§, < t < t3: Fig. 2(b)]: Priortot = ¢, the main

d) Resonant circuits are ideal. transistorZ; and the main diodd are in the off state. The

e) Main inductorLr is much larger than snubber inductorauxiliary transistof is in the on state and conducts the current
L,. I; + I... At the instantt = tQ,iTl = O,iTZ =1, + Irr,iDF =

f) Voltage drops and parasitic capacitors of semiconductoyuv. = V, andvc,, = 0 are valid.
devices are ignored. At the moment = ¢,, a parallel resonance betwegén and

g) Reverse recovery time of all diodes except the main diod® starts to resonate via the resonant path- D, — L, — 1>
Dp is ignored. under the input curren; and with the initial current;, , of
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Fig. 2. Equivalent circuit schemes of the operation stages in the proposed soft switching converter.

the inductorZ,.. The following equations are obtained for thisare derived. In these equations

resonance:
Vo W1 = 1/\/ L,,CT (14)
i, = i1, :Ii—i—IrrCOSqu(t—tg) +Z81nwl(t—t2) 7z, = \/L,/—Q (15)
)
ve, = vr, = Vocoswi(t —ta) — Zilsinw (t — ta). are valid. It should be noted that the capacitrincludes the

(10) parasitic capacitors of the main transisfgr, the main diode
Dy, and the auxiliary diode®; andD- in this stage. The par-
asitic capacitors of ; and D; are discharged fror#, to zero,
and the others are charged from zeroiio Moreover, in the
proposed converter, an additional capaciipris not required,

or the capacito, can be assumed to be the sum of these par-
asitic capacitors.

3) Stage 3{; < t < t4: Fig. 2(c)]: Before this stage, only

Iy = L+ V2 ZRI2 ) 21 (11) the auxiliary transistofl} is in the on state and conducts the
1 ) 1 , 1 ) maximum current of the inductdt,.. At ¢t = ¢3,i7, = 0,i1, =

Wi = §L7*ILT.W = §L7*(Ii + )" + 507“/0 (12) It . .ip. = 0,uc, = 0anduvc, = 0 are valid.

V. Just afte . become$ att = ¢3, the antiparallel diod®,
VI Carctg—2 (13) T - '
e T of the main transistdf? is turned on, and it conducts the excess

At t = t3, the transfer of the energy stored in the capacitor
to the inductorL,. is completed, angi-. becomes). The cur-

rent and energy values of the inductfar reach their maximum
levels at the same time. From (9) and (10)

toz =
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Cp is charged from zero to exactly, with the transfer of all
the energy in inductaoL,., from the equations above

VCB = Vcp (ti')) = VCB max ZQILmnax =V, (20)
tys = g\/ L,Cpg (21)
1 2

1 1
3L}, = 508V, = 508V (22)

are obtained. If the value @z is smaller than the value above,
Cpis charged up t&, again and the excess energy is transferred
to the load. IfC' is larger than the value above, the voltage of
Cp does not reachly,. In the equations above

wy =1/y/L,Cp (23)

are valid. The capacitar’g limits the growth rate of; voltage
in this stage. Thusls is turned off under near ZVS. Moreover,
the parasitic capacitors @t and D, incorporate the capacitor
Cpg in this stage.

At t = t5, as soon as the inductor currépnt drops to zero,
the auxiliary dioded,. and D, are turned off under near ZCS
throughL.., and this stage stops.

5) Stage 54; < t < t6: Fig. 2(e)]: During this stage, the
main transistoff; continues to conduct the input currdhtand

- - - -

i '\

Tl
:If D, is not used" ;

Voz| :oGifi : Lo : NG the snubber circuit is not active. The duration of this stage is a
th it {4 ts t i, ta=t, large part of the on state duration of the normal PWM converter
and is determined by the PWM control. For this stage
Fig. 3. Key waveforms concerning the operation stages in the proposed soft .
switching converter. = 1; (25)

] ) ) ~can be written.

of the mduct(_)rL,, current from the input currert during this 6) Stage 6§ < ¢ < t-: Fig. 2(f)]: Before this stage,

stage. For this stage ir, = I iy, = 0,ip, = 0,v¢, = 0 andve, = V, are valid.

(16) At ¢t = tg, when the gate signal of the main transisteris re-

. moved, the main transist@r, is turned off under near ZVS and
Dry =1Ly — i A7 the auxiliary diodeD; is turned on with ZVS because of the

can be written. The duration of this stage, in whibh, is in capacitorCs charged toV,,. During this stage(. is charged

the on state, provides basically zero voltage transition (ZVT) f@dCs is discharged. At instartty, whenC,. voltage reaches

the main transistof; . Whereas the diodBr, is required in the V> andCp voltage falls to zero simultaneously, the main diode

normal ZVT-PWM converter, itis not needed, and the followindr IS turned on with ZVS and the auxiliary diod#; is turned

stage can be started directlytatin the proposed converter.  Off with ZVS, and this stage finishes. In this case

ir, =tr, = Ip ..

4) Stage 44, < t < t5: Fig. 2(d)]: Atthe beginning of this I
stageir, = 0,ir, = I1, ... ip, = 0,vc, = 0 anduc, =0 ver =vr = Vo~ ey = Gra (t—te) - (26)
are valid. C, +Cpg C, +Cpg

At t = t4, aturn on signal is applied to the gate of the main ter = T, T = I Vo @7)

transistorZ; and the gate signal of the auxiliary transistior
is removed simultaneously. At the same tirfig,is turned on
with ZVS and begins to conduct the currdptand?z is turned
off with near ZVS throughC'z. A serial resonance betweén
andCp starts to resonate by the way bf — D, — Cg — D,
under the maximum inductor currefy____ . Here, the auxiliary

diode D, is turned on with ZVS at,. For this resonance, the
following equations are derived:

are found. In this stag&/p restricts the rise rate df; voltage.
Thus,1; is turned off under near ZVS. Additionally, the para-
sitic capacitor ofD g incorporates the capacitofs. andCp in
this stage.

It should be noted that if the load current is decreasés,
voltage does not readh in the interval¢, —¢5). Consequently,
the snubber effect &'z decreases proportionally in the interval
(ts — t7), but the duration of this stagg; does not vary. This
ir, =ip, = Ir, . coswa(t —1ty) (18) feature provides operation at light load conditions for the pro-
(19) posed converter.

7) Stage 717 < t < ts: Fig. 2(g)]: During this stage, the

During this stage the energy stored in inducfgris trans- main diodeDy continues conducting the input currefitand
ferred to the capacito€. If it is assumed that the capacitorthe snubber circuit is not active. The duration of this stage is

Vey = VU, = ZQILM““ Sinwg(t — t4).



a4

a large part of the off state duration of the conventional PWH}
converter and is determined by the PWM control. For this stag

in, = I, (28)

. \Y
can be written.

Therefore, at the moment= ¢z, one switching cycle is com-
pleted and another switching cycle starts.

I1l. DESIGN PROCEDURE

The following design procedure, which is developed by corfg. 4.

®

200V
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R,

Experimental circuit scheme of a 2 kW and 50 kHz IGBT-PWM boost

sidering the design procedures presented before [5], [7], is baSgerter.

not only on the soft switching turn on and turn off requirements
of the main transistor;, the main diodeDr and the auxiliary
transistorZ;, but also the transfer of the snubber energy to the
load.

TABLE |

SOME SIGNIFICANT NOMINAL VALUES OF THE SEMICONDUCTOR DEVICES

USED IN THE PRACTICAL CIRCUIT

1) Snubber inductof,. is selected to allow a current rise SOMPONENT | PART NUMBER |V (V) |1 (A)| t; (1)) € (nS) | try (n5)
be the maximum input current at most, within T IXSRISNI20AUT 1209 | 35 | 130 | 700 -
rate to . P \ ’ . T, TXGHIONIO0A | 1000 | 10 | 100 | 500 | -
three times the nominal reverse recovery time of the mai By MURS60 o T8 - - 0
diode. This case can be defined as D.,D,, D, MURB60 %00 1 8 N N 60
V.

_(;3trrn S Iz max- (29) TABLE I

LOSSES OF THESEMICONDUCTOR DEVICES AND TOTAL EFFICIENCIES

2) Snubber capacita¥s is selected to charge up to approx- oF

imately the output voltage, when the energy accumulated

THE CIRCUITS IN THE HARD SWITCHING AND THE PROPOSEDSOFT
SWITCHING CONVERTER

in the snubber inductor is transferred completely to it. Foi

Vi=200V, Vo=400V and fp =50 kHz

this stage, from (12) and (22) To |Hard POWER LOSSES (W) Pi | Po | n
GV S°’f Ti | T2 | DF |Dr+ |ADD.|TOT.| W) | (W) | (%)
1 1 1 oft | DT D1+
§L1(I7 max + Irr 1113.)()2 + QCTV;Q = QCF)'V;)Q (30) D2
10 H 30 - a1 9 | 43 1443 14001903
be derived. Herd. is th 3 13 6 | 2 13 | 4 [ 28 [ 428 400|934
can be derived. Heré; max is the reverse recovery cur- 55T g 61 T8 |- 14 | 85 | 883 | 800 | 9.6
rent of the main diode, for the valuds = I; ...« and S 20 9 1313 4 39 | 839 | 800 {953
—di/dt = —=V,/L,. 30 _H 89 - 1121 - 1 21 [ 122 [1322]1200190,8
- . S 28 (124 | 3 5 52 11252112001 95,8
3) Addmpnally, the snubber inductak,. and the sn_ubb_er a0 & 9 T - T75 T - 127 [ 161 [ 1761 1600 909
capacitorCp are selected to allow the voltage rise time S 34 |15 5 | 3 6 63 | 1663 | 1600 | 96,2
rates of the main and auxiliary transistors to be minimally 5.0 | _H 149 | - 1 I8 ] - { 31 | 198 1219812000 | 91,0
their fall time ratings. In this case, from (21) and (27) S 1 40 117161316 | 72 |207212000] 965

by = g«/L,,CB >t (31)
Co+C
tor =~ 2V, > 1, 32 2

are obtained, respectively. In these equatiopsandi z,
are the fall time ratings of the main and auxiliary transis-
tors respectively.
3)
IV. CONVERTER FEATURES

The features of the proposed new ZVT-PWM converter can
be summarized as follows.

1) All of the semiconductor devices are both turned on and
off under exact or near ZVS and/or ZCS. The main tran-
sistor7; is turned on perfectly under ZVS provided with
ZVT, and turned off with near ZVS. The main diodg-
is both turned on and off with ZVS. The auxiliary tran-
sistorTs is turned on with near ZCS, and turned off with

4)

near ZVS. Moreover, the auxiliary diodds3,., D; and

D, operate with soft switching.

The converter has a simple structure and low cost.
Whereas the proposed converter is about as simple and
cheap as the normal ZVT-PWM converter [2], it over-
comes most of the drawbacks of the normal ZVT-PWM
converter.

The converter has ease of control. For the control of this
new converter, a normal PWM control signal is applied
to the gate of the auxiliary transist@s by the timeT}
voltage drops to zero, and after this time it is applied
to the gate of the main transist@i. Furthermore, the
emitter terminals of; and7; are connected to the same
point, and this feature makes control easy.

The circulating energy is minimal. In the ZVT-PWM
converters presented before [2], [7]-[9], [12], there is the
snubber capacitof,. in parallel with the main switch,
and this capacitor insreases the circulating energy signi-
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(e) ®

Fig. 5. Oscillograms of (a) the main transisir, (b) the auxiliary transistdf?, (c) the main diodeD », (d) the auxiliary diodeD.., (e) the auxiliary diodeD,
and (f) the auxiliary diodeD, with 100 V/div, 10 A/div and 2«s/div scales, in the practical soft switching converter.

ficiantly. In the proposed new converter, whereas there voltage and current stresses on the auxiliary transistor

is no C,., there is the capacitdr's, which is located in T, and the auxiliary diode®,., D; and D, stay at al-

a different place and is larger th&r.. While the capac- lowable levels.

itor Cz performs the duties af,. more perfectly, it does 6) The converter acts as a conventional PWM converter

not increase the circulating energy. Moreov€ pro- during most of the time, because the time periods on

vides both the turn off of the auxiliary switch with soft which the snubber cell is active are very short.

switching and the transfer of the snubber energy to the 7) The converter can operate at wide line and load ranges.

load. As a result, the circulating energy and additional The operation of ZVT-PWM converters is generally de-

losses are minimal in the proposed converter. pendent strongly on the load current values, and so the
5) No additional voltage and current stresses on the main line and load ranges are not wide. However, in the pro-

transistor7; and the main diodd)r occur. Also, the posed new converter, when the load current decreases,
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the time periods,; and¢;» fall proportionally, the pe- . oo
riod ¢o3 rises very lightly, the periods., t45; andtg; do (%) 98
not vary. Therefore, as long as the active snubber cell % SoftSwitching
is designed for the maximum load condition, the pro- =
posed new converter can operate over wide line and load ~
ranges. 2 Hard|Switching

8) The proposed converter does not require any additional 80
passive snubber cells. 88

9) The proposed active snubber cell can be easily applied "
to the other basic PWM dc—dc converters and to all 6
switching converters.

10) The presented new converter has many more advantage: 8 !

than the other ZVT-PWM converters. In this converter, o w @ e 0 s e o
most of the drawbacks of the normal ZVT-PWM con- Po(%)

verter [2] are overcome both perfectly and eaS”y' Fig. 6. Overall efficiency curves of the hard switching and the proposed soft

switching converters comparatively.

V. EXPERIMENTAL RESULTS

To verify the predicted operation principles and theoreticPrter: the main switch loss is about 27% and the total circuit
analysis of the proposed new ZVT-PWM converter, a prototyﬂ)%ss is about 36% of that in its counterpart hard switching con-
of a 2 kW and 50 kHz IGBT-PWM boost converter given iyerter, and so the overall efficiency, which is about 91% in the
Fig. 4 has been realized. hard switching case, increases to about 97%.

Some nominal values of the semiconductor devices used irf*S @ 'ésult, it can be clearly seen that the predicted operation
the practical circuit are listed in Table | with reference to th@r_InCIpIes and analy5|s of the proposed converter are verified
handbooks of the manufacturers. with all of the experimental results. In the proposed converter,

In the hard switching and the proposed soft switching COIq]ost of the drawbacks of the normal ZVT-PWM converter are

verters, the losses of the semiconductor devices and the tQ4frcome both perfectly and easily. All of the semiconductor
efficiencies of the circuits are summarized for various load cuff€Vices in this converter are both turned on and off under exact
rent values in Table II or near ZVS and/or ZCS. Any additional voltage and current

The experimental results are determined by measuring §iLesses on the main devices do not occur, and the auxiliary de-

temperature rise rates of the switch and diode heatsinks, and\figgs are subjected to allowable voltage and current values.

voltage and current values of the input and the output. Moreover,
in the hard switching converter, the measurements are done with VI. CONCLUSION
the circuit operated at low frequency values to estimate the exq
perimental results.

The oscillograms of the main transistbyr, the auxiliary tran-

n this study, a new active snubber cell is presented to con-
trive a new family of ZVT-PWM converters. The drawbacks of
) e N - the conventional ZVT-PWM converter are overcome in the con-
sistorZ, the main diodeDr, and the auxiliary diode®),., D1 \erter with the proposed active snubber cell. The proposed con-
and D, are given in Fig. 5(a)—(f) respectively. verter operates at light load conditions without any problems.

In Fig. 6, the efficiency curves of the hard and proposed sqffj of the semiconductor devices in this converter are turned
switching converters are shown comparatively. Oscillogramg$, and off under exact or near ZVS and/or ZCS. Any addi-
concerning the hard switching converter are not given in thignal voltage and current stresses on the main devices do not
study because they are given in most of the similar studigge place, and the auxiliary devices are subjected to allowable
presented before. voltage and current values. Moreover, the converter has a simple

From the oscillograms given in Fig. 5, it can be seen thafrcture, low cost and ease of control.
1y is turned on perfectly with ZVS and turned off under near A zvT-PWM boost converter implemented with the pro-
ZVS. T is turned on under near ZCS and turned off under negssed new active snubber cell has been analyzed in detail.
ZVS. Also, the devicedr, D;., D, and D, operate with soft The predicted operation principles and theoretical analysis of
switching. Moreover, additional voltage and current stressgfe proposed converter have been completely verified with a
on the main device§; and Dr do not take place, and theprototype of a 2 kW and 50 kHz IGBT-PWM boost converter.
auxiliary devicesls, D,., D, and D, are subjected to allowable |t has been observed that the proposed converter has operated
voltage and current values. It is also observed that the propoggdight load conditions without any problems and all of the
new converter operates at light load conditions without a’emiconductor devices have operated with soft switching.
problems. Additionally, at full output power in the proposed soft

In connection with Table Il and Fig. 6, it can be seen that thevitching converter, the main switch loss is about 27% and the
efficiency of the proposed soft switching converter is larger thaatal circuit loss is about 36% of that in its counterpart hard
that of the hard switching one, especially at high ouput powswitching converter, and so the overall efficiency, which is
levels. At full output power in the proposed soft switching corabout 91% in the hard switching case, increases to about 97%.
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