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Analysis and Design Considerations of a Load and
Line Independent Zero Voltage Switching Full Bridge
DC/DC Converter Topology

Praveen K. JainFellow, IEEE Wen Kang, Harry Soin, and Youhao YMember, IEEE

Abstract—The analysis and design of a zero voltage switching  2) higher EMI due to high di/dt of the snubber discharging
(2VvS) full bridge dc/dc converter topology is presented in this current;

paper. The converter topology presented here employs an asym- 3y yaqyced reliability due to reverse recovery current of the
metrical auxiliary circuit consisting of a few passive components.

With this auxiliary circuit, the full bridge converter can achieve body diodes. ] o )
ZVS independent of line and load conditions. The operating prin- Moreover, the converter with series inductor reduces the effective
ciple of the circuit is demonstrated, and the steady state analysis duty ratio because of the voltage drop across the series inductor,
is performed. Based on Ejhe_analllysls, a criterion for optimal design resylting in higher primary current and larger output inductor.

is given. Experiment and simulation on @ 350-400 V'10 55V, 500 A iternative full-bridge converter topology to overcome the
W prototype converter operated at 100 kHz verify the design and . .

show an overall efficiency of greater than 97% at full load. aforementioned drawbacks has been developed for high power
IGBT Full-bridge circuits [6]-[10]. An auxiliary circuit con-
trolled by bidirectional switches is employed at each leg of the
full bridge to achieve ZVS of the main switches. For lower
power level applications, this topology is rather complicated in

I. INTRODUCTION both power and control circuitry.

ULL-BRIDGE dc/dc converters are extensively applied in Auxiliary commutated ZVS full bridge converter topologies

medium to high power dc/dc power conversion. High efs_uitable for low power applicationg<3 kW) have been

;. . . . - reported [11]-[13]. In these converter topologies an auxiliary
ficiency, high power density, high reliability and low EMI are ircuit comprising of an inductor at each leg of the bridge is

some of the most desirable features for t.hese cqnvgrters, parg'rcrfployed. The proposed topologies provide ZVS of all the
ularly for computer and telecommunication applications.

. switches under all operating conditions including open and
For power evels up to 3 kW, the full-bridge converters N%hort circuits making them very attractive for telecommunica-

employ MOSFET switches and use Phase-Shift MOdu""‘“?fE)n applications where two extreme load conditions are often

(PSM) to regulate the output voltage. In most of these converter5§eSent (e.g., rectifiers for central power plants). Although,

zero voltage switching (ZVS) is achieved by placing a snubbgfose converter topologies have been described in details,

capacitor across each of the switches and either by insertingaRienth circuit analysis and performance characteristics are
inductor in series with the transformer or by inserting an inductgg,; given for the detailed design of the converters.

in parallel to the power transformer [1]-{7]. In a practical |"ipis paper, steady-state analysis of such a converter
full-bridge configuration, the snubber capacitor may be thg |6y is performed to provide design guidelines. Trade-offin
internal drain-to-source capacitor of the MOSFET, the seriggiacting the ausxiliary circuit components is given to optimize
inductor may be the leakage inductor and the parallel inductf herformance of the overall converter. Detailed simulation of
may be the magnetizing inductor of the power transformepe converter is presented to verify the analysis and to demon-
This makes the power circuit of these converters very S'mpﬁrate the key features. A prototype of 500 W, 300-400 V dc to 55

However, the full-bridge converter with the series inductor Ios«g,sdC converter operating at 100 kHz is built and the experimental

its ZVS capability at no-load (or light-load), and the convertetq its show an overall efficiency of greater than 97% at full
with the parallel inductor loses its ZVS under short-circuit. ThR 24 and over the entire input voltage range.

loss of ZVS under these two extreme conditions resultsin:
1) increased size of heat sink due to switching losses; II. DESCRIPTION OFCIRCUIT

Index Terms—DC-DC converter, full bridge converter, soft
switching, zero voltage switching.

Fig. 1 shows the proposed ZVS full bridge converter
topology. It consists of two functional sub-circuits. One sub-
Manuscript received February 19, 2001; revised January 18, 2002. Reca@itCuit is the conventional PSM full bridge converter, which
mended by Associate Editor J. Qian. o s referred to as the power circuit hereafter. The other is an
P. K. Jain is with Department of Electrical Engineering, Queen’s Un|verS|t‘yji il k sh in the shaded in Fig. 1
Kingston, ON, Canada. uxiliary netwqr shown in the shade areain Fig. 1.
W. Kang is with Department of Electrical Engineering, Concordia University, The power circuit employs the following devices: §), Sa,

Montreal, QC, Canada. _ Ss, and Sy, four MOSFET switches, (i)}, the power trans-
H. Soin is with Astec Advanced Power Supplies, Ottawa, ON, Canada.

Y. Xiis with EMS Technologies Canada, Ltd., Montreal, QC, Canada. f‘?fmef With a turns ratio o, (iii.) D, and Dy, two rectifier
Publisher Item Identifier 10.1109/TPEL.2002.802181. diodes, (iv)L, & L,, the output filter, and (v}z,, the load.
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Fig. 1. The proposed ZVS full bridge converter. . A N ™ -
Lo N i ‘t[ \ N
0
The auxiliary circuit is comprised by eight passive device: 0 ; >
i.e., (i) Csp1, Csp2, Csp3, andClyy, four drain-to-source snubber i AN /\L
capacitors, each connected across one switch {iilandC,, o ~ ) ~ -
acapacitor voltage divider, and (iil),; andL,», two auxiliary Al %
inductors. iw P/ i H%
PSM is used as the control technique for output regulatic 0 ] >
in the proposed converter topology. In terms of power transf . AV R——
from the input to load, the power circuit operates in exactly tt r g - >
same way as does a conventional phase-shift full bridge cc A B B
verter, and the auxiliary circuit hardly interferes with this powe tdst B B
’ e - s ) \ \
transfer. However, the auxiliary circuit does have significantir // // L
fluences on the switching transients of the switches: it remov O_f im o
the switching losses from all the switches, at both turn-on ai Uae A \ =t ———
turn-off. o \ / \
2 >
= u
lll. STEADY STATE ANALYSIS A I S ——— M.

) . ) Uds PRY \ SR
Since conventional PSM full bridge converters have beene \ / Bt \ LA
tensively discussed in the literature, its operation willnotbea 3 0 =y ‘/ >

dressed in detail in this paper. Only the operation of the auxilia ) (I — 00 N R T T O L
circuit is analyzed below. To perform the steady state analys Yas 4 1 \ A i "
the following assumptions are made. igst ol ¥ k o Ay
i) The steady state conditions have been established ¢ -
the converter is operating in the continuous conductic totibyts L4ttty ot Ts
mode (CCM), and producing the nominal output voltag time —>
V, and delivering the poweF, to a constant output load.
The input dc voltagéd/; is ripple free. Fig. 2. Keywaveforms of the proposed converter topology. The dead time and

ii) The gating of switches on Leg A, namel§; and S,, Switching transient are exaggerated.
is leading the gating of switches on Leg B, 85 and
S4, by a phase shifted anghg(expressed as a fraction of vii) C,; and C,» have equal capacitance value, and they

a switching period), and is determined by the control are large enough to establish a constant and ripple free
circuit to regulate the output voltage. voltage during the steady state operation.
iii) The switching frequency igs. With these assumptions, the operating principle is illustrated
iv) All components and devices have ideal properties andth key waveforms in Fig. 2. Each switching cycle can be di-
characteristics. vided into eight intervals. For convenience, the following con-
v) Thereis avery short dead timg, between the ON statesstants are defined.
of the two switches on each leg of the bridge. For the power circuit, the steady state current flowing through

vi) Cg1 andCge have equal capacitance values, and so doe output inductor has the saw-tooth waveform biased by the
Copz and Clpy. output dc current,. Currentslt peax aNdI1ovaley are the peak
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and valley values of this saw-tooth shaped current, respectivel

which are given below

(Va = kEV,)V,
ILopeak :W + Io
Va— KV)Vi
ILovalley = - ((jlfTL) + Io-

@)

(2) Csbl
Csp2

For the auxiliary circuit, as the two switches on each leg arqunF)
switched alternately and symmetrically with little dead time in
between, the auxiliary inductors,; and L,» each see alter-
nating positive and negative voltage for equal intervals. Thel
the steady state currents throufily and L,» have a triangle
waveform. The peak values of currefyt andi,, throughL,;

and L, respectively are given as follows

Va (T
I, = R
' Tar,, <2 d)

Va (T
I = L
2 T 4L, < 2 d)

A. Interval 1(tg < t < t1)

3
4

In the last interval of the previous cycle, bathandS; were  Csbs

ON while bothS; andS; OFF. The primary winding of ;. saw
a constant voltage; Vy, andD,; was reverse biased ard,,

Csba

forward biased. Thus the output inductor current was reflecte(nF)
to the primary side vid,» andZ;.. The drain current of; was
the sum of the reflected load current and the auxiliary inducto
currentl,;, and it reached its peak value at the end of last cycle

At the beginning of this intervak is turned off, and no other
switching action takes place during this interval. The duratior

of this interval is the dead timg;.

As S, is OFF, the said peak current starts to chargs, and
atthe same time it discharg€s,, . The drain-to-source voltages
of both switches on Leg A are thus governed, respectively, by

Fig. 3. Example design curves for selecting the auxiliary inductors and the
permitted maximum snubber capacitors:qa),, andC',;- vs.t, andL,; and
(b) Csp3 and Cpa versusty, and L,». fs = 100 kHz, V, = 350400 V,

(5) V, =55V, k=5.5:1,L, =20 uH, and full load at 500 W.

the following:
I+ ILop‘cak
s () =Va = <5t (t o)
sbl
Ty + fopest
UdSQ(t) :T;(t — to)

S4 only consists of,» and that is determined by

Vu 0
=3, <t —to— ﬁ) + Ioo.

ta2(t)
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(6) B. Interval 2(t; < t < t3)

(b)

At the beginning of this interval§; is turned on under ZVS
Owing toCy, ug4s2 €an only rise slowly, providing the ZVS condition. No other switching action takes place during this in-
condition for S, to turn off. Meanwhile,C,, is discharged terval. The duration of this interval is determined by the phase
within this interval. As soon a€’;; is completely discharged, shift angle that is required to regulate the output voltage.
the body diode of; latches in, giving a path for the auxiliary Now L,; sees a constant positive voltage established hy
inductor current to flow. This clampsy,; at zero in the rest of 4,; starts to increase linearly from its negative peak, as governed
this interval, providing the ZVS condition fdf; to turn on. by
Becauses, is still ON, the primary winding off;. will see a
zero voltage aftet 51 is clamped at zero. Then, both,; and
D,oshare the output inductor current in the freewheeling mode,
and this stops the primary curreipt Now, the primary circuit

only sees,; andi,.. Specifically, the current that flows through Because botl$; andS4 are ON, the primary winding df’.
still sees zero voltage. Thus, both output rectifier diodes are for-

ward biased to freewheel the output inductor current, and no cur-

(1)

1a1(t)

Va

2.,

(t—t1)

- Ial- (8)

rent flows through the primary winding. The currégy flowing
throughS, is still determined by (7).
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C. Interval 3(t> < t < t3) E. Intervals 5 Through 8

At the beginning of this intervalS, is turned off in ZVS. The analysis of the circuit in the last four intervals of this
No other switching action takes place during this interval. Thewitching cycle is similar to the first four intervals, except for
duration of this interval is the dead tinig. the opposite switching activities on the switches.

When S, is off, i,> reaches its positive peak valiig,. Sim-  After Interval 8, another switching cycle begins and the con-

ilar to Interval 1, this current starts to char@e,4 and discharge verter repeats the process from Intervals 1 through 8.
C.p3. Thusu,,, Starts to rise from zero while, ;5 starts to de-

crease fromb. - IV. DERIVATION OF ASYMMETRICAL AUXILIARY CIRCUIT
As soon as,;3 decreaseg;. starts to see a positive voltage o o
becauses; is already ON. Thu®,, is forward biased an®., It is understood that the auxiliary inductors are required in

is reverse biased. The total output inductor current, that is at i Proposed topology to achieve ZVS at turn-on by providing
valley value now, starts to flow through, ., forcing a primary the necessary current to discharge the snubber capacitors. How-
current to flow. Therefore the current flowing out of Leg B i€Ver, the auxiliary circuit currents flow through the switches and
i,2 Minus the reflected output inductor current. this results in additional conduction losses. Reducing this type
As this interval is very shori, is almost constant at its peakof conduction losses will optimize the overall performance of
value I,». So is the output inductor current at its valley valughe proposed topology. This can be achieved by using an asym-

Similar to Interval 1, it is found that metrical auxiliary circuit arrangement.
I, — fuovane To successfully discharge the snubber capacitors of the
ugs3(t) =Va — Tk(t — ta) (9) switches of Leg A within the dead time periog, the required
I ,Lovancfb?’ discharging current shall satisfy
a2 — P
Ud54(t) B 20504 (t t2) (10) IA_discharge Z C(Sbl,QV;i - (14)
It is seen that, owing t€';4, 154 Can only rise slowly, pro- ta

viding the ZVS condition forS, to turn off. The gradual dis- Similarly for Leg B it shall satisfy
charging ofC 3 brings downu,s to zero within this interval, Copz.aVy
providing the ZVS condition fosS3 to turn on. I _discharge 2 ———- (15)

t
During this interval, the Leg B current is equalitg minus , ¢ . .
the reflected load curreny. This relieves the current stressf . ON the other hand, the magnitude of the discharging current

at turn-off, but it also reduces the effective current to dischardd Snubber capacitors on Leg A is given by

the snubber capacitor ¢f;. In order to achieve a ZVS turn-on Vy 1 1 [(Va—kV,)V,
of 53, Csy3 must be completely discharged within the dead timeA-discharge = 8Lar \2fs )T 2k | 4f,VuL, L
tq. This required, s to be greater than the reflected load current (16)

i,. Otherwise Cy,3 would not be completely discharged due to

the insufficient magnitude of the effective discharging currerand for the switches on Leg B, it is given by

lanciljsg WOUltd Ioste ZYS. 1;jhi§ sh(t)t\:vs thgt ohppostite ef.'fectts of thIe | 7 1 ~ ~ i ~ (Va — kV,)V,
oad current on two legs during the switching transients. B_discharge = 8. 57, d T —4fSVdLo

D. Interval 4(t3 < t < t4) a7

At the beginning of this interval§s is turned on under ZVS  Equations (16) and (17) indicate that the load current assists
condition. No other switching action takes place during this inhe auxiliary current,; in the process to discharge the snubber
terval. The duration of this interval is determined by effectiveapacitors of Leg A, while it counteracts the auxiliary current
duty ratio required to regulate the output voltage. 142 In the discharging of the snubber capacitors on Leg B.

As S3is ON, L,» sees a constant negative voltage establishedin practice, all the snubber capacitors can be selected the same
by Cs2. Currenti,, starts to decrease linearly, as given by  as it reduces the number of parts in the inventory and there-
Va fore the purchasing costs. Then, as seen from (14) and (15), all

ta2(t) = 260 (t = ta) + Loa. (D) the snubber capacitors require the same magnitude of current
During this interval, the drain currents 6f andS; are de- to discharge and charge them completely for successful ZVS at
termined, respectively, by turn-on and turn-off respectively. Therefore, from (16) and (17),
. g the value ofL,; can be selected higher than the valud.gf in
last(t) =5 —(t —t1) = lar order to reduce the conduction losses. This leads to the asym-
’11 Vi KV, (Va— KV)V, metry of the auxiliary circuit. _ _
Z {T(t —to)+ 1, — W} If mcree_lsmgLa]L is not prefera_ble in some design because a
o 5o largerL,; increases the overall size and weight of the converter,
(12) L, and L., can be selected the same. Then at turn-off, the
iags3(t) = Va (t —t3) — Ip2 switches on Leg A see higher current stress than those on Leg B.
2La2 Thus, to achieve successful ZVS turn-off, the switches on Leg A

L1 [Vd — kY5 (t—to)+ I, — (Va = /fVo)Vo} ~ require larger snubber capacitors than those of Leg B do. This
k kL, ‘ 4fsL,Va supports the arguments of adopting an asymmetrical auxiliary
(13) circuit from another point of view.



JAIN et al: LOAD AND LINE INDEPENDENT ZERO VOLTAGE SWITCHING FULL BRIDGE DC/DC CONVERTER TOPOLOGY 653

TABLE |
PRINCIPAL PARAMETERS OF THEEXAMPLE CIRCUIT
parameter value parameter value/device
Vdmm/ V e 350 V/400 V C s Ca2 1 uF, each
v,/1, 55V/10 A Cot> Cipg Cyzand Cy,y 1 nF, each
k 5.5:1 Ly/L, 200 pH/100 pH
L,,/ Co 20 pH/5000 pF 558588, IRFP460
1y 400 ns Dy1, Dy MUR3020

ATETEA | [AFERA
w_Drain to :llc%lnt { _—_ﬁ V F\Drain to \ E:’g ’ \
e |, 3] e

" " — —

@) (b)

T

\

F f Drain to Drain [
U e, | A

' Npone | o | |
] e [T

(©)

Fig. 4. Simulation results of the current and voltage waveforms of switches on both legs of the bridge at full load caRditerh00 W: (a) at low line,
Va = 350V, (b) at medium line}; = 380 V, and (c) at high line}; = 400 V. Top traces are the waveforms of the switch on Leg B. Bottom traces are the
waveforms of the switch on Leg A Scale: voltage-200 V/div., current-5 A/div. tinpes/8liv.

V. DESIGN PROCESS currents are determined by snubber capacitors, the selection of

The power circuit will not be discussed as it has been extetH-e auxiliary inductors and the snubber capacitors are correlated.

sively addressed in the literature, therefore, only the design fAS seen from (16) and (17.)' to guarantee the comp!ete dis-
charge of the snubber capacitors for Leg A under all line and

auxiliary circuit will be presented here. The following parame= . i : e
ters are assumed known: %oad conditions, the following equation shall be satisfied

i) the design of the power circuit, namely,, ..., C., k, o O < (2] 1
omax o A =C, < —t . 18
etc.; b1 b2 8L,1 2f9 d ( )

..'.') L, full load currer)t; As mentioned previously, the load current assists the auxiliary
1) Vi max ANV min, iUt dC voltage range; current to discharge snubber capacitors on Leg A. When (18) is
V) Vo, nornmgl output voltage; satisfied, the Leg A snubbers can be completely discharged even
\./) Fas swﬂchmg frequency; . under no load condition, not to mention under full load. It is also
V.'.) Dmx,.ma?umum dut'y ratio; seen that ZVS on Leg A is inherently independent of the input
vii) t4, switching dead time. voltage.

A. Selection of.q1, La2, Csp1, Cop2y Capzy Cspa For Leg B, the following equation must be satisfied

To achieve ZVS turn-on, the snubber capacitors shall be com-,, — ¢, < ta <L _ td)
pletely discharged within the dead time perigdunder all oper- 8La2 \ 2fs

ating conditions. Because the auxiliary inductors determine the _ta <I ~ Vamin — KV,
values of the discharging currents, and the required discharging 2kVymin \ 77 AViminfsLo

vo) . (19
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X \ Drain to Drain
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\ /{ L voltage \ / V
) \ Drain to \ Drain \
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E voltage 'Y
()

Fig. 5. Simulation results of the current and voltage waveforms of switches on both legs of the bridge at light load cétyditidrs W (10% of the full load).
(a) Atlow line,V; = 350 V. (b) At medium line,V; = 380 V. (c) At high line,V; = 400 V. Top traces are the waveforms of the switch on Leg B. Bottom traces
are the waveforms of the switch on Leg A Scale: voltage-200 V/div., current-5 A/div. tipeebv.

Itis seenthat the load current counteracts the auxiliary curre, ¢
to discharge the snubbers on Leg B. As (19) is satisfied at th £
minimum input voltage and full load which is the worst case, thi |
snhubber will be discharged under all other operating condition|
In this way ZV'S for Leg B will also become independent of line
and load conditions. :

Drain o \ []
1//

voltage

Fig. 3. shows an example of the selection curves of th |  Drain'o Drain \
snubber capacitors as functionstgfand the auxiliary induc- | f \source - ~-current
tors. It is seen that for a dead time of 400 ns when all th | voltage
shubbers are selected to be 1 nF, the auxiliary inductor for L¢ = VT h
A or the leading leg, shall be about 2081, while that for the | —— — S — —
lagging leg (Leg B) shall be 100H. (@)

B. Selection of’,, C,2, the Capacitor Type Voltage Divider

The two capacitors are employed to establish and hold almos
dc voltages with little ripples for the proper operation of the
auxiliary circuit. Assume the permitted ripple voltage on these
two capacitors is about 2% of the input line voltage, then thei

qu/{ Mo \\ |

"

|v\|nx AR E R NSRRI NN

approximate values are given by Drain to Drain \
2 C C 1 T Nsource —currgnt
2 Gt a2y s = Lo — Lo1| =2 (20) voltage
100 2 2 2 T/ n
Substituting (2-7) and (2-8) into (20), and consider{tig = - — et e
C,2, then (20) yields: (b)
100 |Lg1 — La2| Fig. 6. Simulation results of the current and voltage waveforms of switches on
Cau=0Cu0>—- P (21) both legs under extreme operating conditions. (a) Under open circuit condition,
2 32f5 L1 La2 /3y = 380V, P, = 0 W. (b) under short circuit conditiori/; = 380 V.

In th le. th ¢ it hall b ter th boa% traces are the waveforms of the switch on Leg B. Bottom traces are the
n the exampile, these V\_’O capacitors shall be greater than eforms of the switch on Leg A Scale: voltage-200 V/div., current-5 A/div.
uF, therefore, JuF capacitors are selected. time-5 ps/div.
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(a) ZVS turn-on transient of switchon Leg A.  (b) ZVS turn-off transient of switch on Leg A.
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(¢) ZVS turn-on transient of switch on Leg B. (d) ZVS turn-off transient of switch on Leg B.

Fig. 7. Experimental results under full load conditigh.= 128 kHz, V, = 55V, P, = 500 W, V;, = 390 V.

C. A Design Example quently, the reverse recovery of the diode give rise to the spike,
According to the design criteria given above, the prototyp?@d th,'s spike IS reflected back |n_to the primary §|de qnd ap-
circuit is designed. The principal parameters and selected §&2'S N th? drain current of the switches. In ap_r{:\ctlc_al cireuit,
vices are listed in Table . shubber mlght-be. added to ez?lch of the twlo rectifier dlode; tore-
duce and/or eliminate the spike. Alternatively, Schottky diodes

can be used for low output applications.

VI. SIMULATION RESULTS Fig. 5 shows the voltage and current waveforms of the

Simulation of the proposed converter topology is performeyvitches under 10% of the rated load and different input
by using Pspice software. The principal parameters of Tabl&qltage. Itis seen that ZVS is also achieved on each switch at
are used in the simulation. It should be pointed out that th@th turn-on and turn-off under all these conditions.
drain-to-source voltage and current of the two switches of one19- 6 shows the voltage and current waveforms of the

leg have exactly the same waveforms, although they are outS¥fitches under extreme operating conditions, i.e., open circuit
phase. Therefore, only the waveforms $f and S5 are dis- and short circuit. It can be concluded that ZVS is still achieved

played below under these extreme conditions.
Fig. 4 shows the voltage and current waveforms of th In summary, as seen from Figs. 4-6, ZVS at turn-on and turn-

switches at full load but different input voltages. It is seen thQ' oN each switch is achieved independent of line and load

ZVS on each switch is achieved at both turn-on and turn—o%Pnd't'onS'
under all these conditions.

A switching spike on the drain current waveform of the switch
on Leg A is observed in Fig. 4(a). It is because, the switching A prototype of 500 W, 300—-400 V dc to 55 V dc converter
of the switches on Leg B moves the voltage across the poperating at 100 kHz was built to verify the performance of the
mary winding ofZ;. out of the clamping mode. This will reverseproposed topology. The principal parameters of this prototype
bias one of the two freewheeling output rectifier diodes. Consare given in Table I.

VII. EXPERIMENTAL RESULTS
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(a) ZVS turn-on transient of switch on Leg A.  (b) ZVS turn-off transient of switch on Leg A.
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(c) ZVS turn-on transient of switchon Leg B.  (d) ZVS turn-off transient of switch on Leg B.

Fig. 8. Experimental results under light load conditign.= 128 kHz,V,, = 55V, P, = 50 W, V; = 390 V (to be continued).

In the prototype circuit, an ETD44 core is used for the poweach leg are shown. The other switch has the same waveform
transformer, and an air gapped RM42819 core is used for eawith a 180 phase shift. The drain current is not shown here
of the two auxiliary inductors. The size ratio of each auxiliarfor the reason that measuring the current requires a long loop
inductor to the power transformer is about 1/4 in this 500 Wf wire to be inserted into the circuit and it will interfere with
prototype, and this makes the proposed topology seemingly I&$s normal operation. It can be concluded from Fig. 7 that each
advantageous. However, for higher power level up to 3 kW, tilsavitch has ZVS at both turn-on and turn-off under all those
power transformer significantly increases the size but the awenditions, because the gating signal comes after the drain to
iliary inductor can almost use the same core with a larger @ource voltage completely drops to zero, and it is withdrawn
gap. It is because lower inductance is required such that higlkempletely before the latter rises from zero.
auxiliary current can be produced to achieve ZVS in a higherFig. 8 shows the gating signal and the drain to source voltage
power level. Therefore, for higher power level applications thaf switches on both legs of the bridge under 10% of the rated
size ratio will become much lower. On the other hand, becausad and different input voltage. Similarly, it can be concluded
ZVS is now achieved independent of line and load conditionthat ZVS is achieved on each switch under all those conditions.
the power switches require much smaller heat sinks and thigig. 9 shows the overall efficiency as a function of output
leaves room for the auxiliary inductors such that the overall sippwer. It is seen that, the efficiency is almost constar@7%)
of the converter may not increase. over the output load range from 50% to 100%. The efficiency,

Fig. 7 shows the gating signal and the drain-to-source voltalgewever, deceases gradually below this load range due to the
of switches on both legs of the bridge, under full load and vailbad independent conduction losses caused by the auxiliary
able input conditions. The waveforms of only one switch fromircuit.
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Fig. 9. Overall efficiency as a function of output power. Operating conditio
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