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Abst.ra.ct. Device voltage and current stress analysis is performed for zero-current-switched (ZCS) quasi

rcsonant (QR) halfbrigde power converters. Results are normalized in terms of converter specifications and 

dimcnsionless design constraints to permit stress comparison in terms of peak-, rms- and average-quantities 

for tllrec halfbrigde converter circuits without any detailed design - hence the stress diagrams obtained 

rcprcscnt a powerful selection guide and design tool. 

Kcywor~. Quasi-Resonant Converter, Component Stress 

1. INTRODUCTION 

Looking for ncw switch topologies for switch-mode power sup

plies suitable for switching frequencies in the megahertz range wi 

thout deteriorated efficiency characteristic as compared with to

day used PWM-converters leads among other topologies to quasi

resonant switches (QRS). QRS, consisting of a power transistor 

together with one or more diodes for halfwave- (HWO) or full

wave operation (FWO), an inductor and a capacitor - forming a 

resonant circuit- can turn- on and - off either at zero-current (zero

current-switched quasi-resonant switch, ZCS- QRS) or at zero

voltage (zero-voltage-switched 4uasi-resonant switch, ZVS .. QRS) 

depending on the arrangement of the resonant elements, minimi

zing the switching losses. Quasi-resonant converters (QRC) can 

be derived from PWM-topologies, replacing the active switch by 

a quasi-resonant one (Liu and Oruganti, 1985). 

Analysis of quasi-resonant converters (e.g. Jovanovic et al. 1987, 

1988, 1989) reveals that ZVS-QRC are suitable for switching fre

quencies up to 10MHz significantly decreasing weight and volume 

of the reactive converter components and improving the dynamic 

behaviour. Unfortunately ZVS-QRC can not be applied to off-line 

unclamped (i.e. non bridge-topologies) applications with a wide 

Ioad range because of excessive transistor voltage stress. 

ZCS- QRC can operate 'only' up to 1- 2 MHz but can bc used for 

off-line applications with wider Ioad and input valtage range (Jo

vanovic, Lee and Chen, 1989). Analysis results in dc-conversion 

ratio diagrams ( converter gain diagra.ms) for halfwa.vc and fullwave 

operation and dcsign hints considering difrercnt dcsig11 constraints, 

e.g . to guara.ntee zcro-current switching even at minimum input 

voltage a.nd ma.ximum Ioad current. To optirnize the dcsign and 

as will bc shown in this paper to choose the best converter to

pology knowledge about the component stress is essential. Three 

diffcrc11t isola.ted ZCS- QR halfbridgc convcrters with different lo

ca.tion or the resona.nt capa.citor C~' and with rcspectivcly without 

frcc\\'ll<'C'Iillg diode have beeil choscn to visualizc this. 

l11 t.lw following sC'ction t.hc nla.Lhcnlat.ical a11alysis of thc COll\ 'c•r

ters in thc time donHtin is shown. General solutions for pca.k-, 

a.verag<'- a.nd rms-qua.ntitics a.re derived. In section 3 thc worst

ca.se coJl(litions for the stress quantities are a.na.lyzed leading to 

normalizcd cqua.tions for the maximum pcak-, a.veragc- a.nd rms

strcsses . A compa.rison of thc t.hrec convcrter topologies is given 

in scction 4. General problems \\'it.h ZCS-QnC are discusscd in 

scction 5. 

2. DERIVATION OF STRESS QU ANTITIES 

The analysis of the three ZCS- QR halfbridge converters is perfor

med in the time dornain with the following assurnptions: 

• ideal components, 

• constant input voltage, 

• !arge output filter leading to ripplefree filter current . There

fore, the L-C-output filter tagether with the Ioad can be 

treated as a constant current sink, 

• lossless transformer with negligible rna.gnetizing current . 

The leakage inductances are taken into consicleration only 

if they can be utilized as a part of the resonant incluctance, 

i.e. if the resonant capacitor is placed on the secondary side 

of the transformer, see fig. 1 b and 1 c. 

One cycle of opertion of the converters can be described by four 

topological stages with the equivalent circuits shown in fig. 2 and 

3, described in detail for example by Jovanovic, Hopkins a.ncl Lee 

(1987). 

Time domain equations for the most important quantities of the 

three converters are summarized in table 1. 

With the results given in table 1 equations for average- and rms

quantities can be derived depending on several design-specific com

ponent values of the converter as can be seen below for the a.verage 

current in switch Sl, ls 1 Av, as an example. More cleta.iled infor

mation is given by Lüdeke (1989) and Fröhleke (1991). 

fstAV 
1 { U; T:f I a U; 1 ( 'T' ) } ( ) - - · - + - · Tb + --- 1 - cos Wo.L b 1 

Ts 2L 2 N ,2Zowo 

with Ts 

Tu= t1- lo 

n = t2- t1 

Zo = J(L/C) 

u..·o = J(LC) - ] 

Swit.ching period 

Duration of inductor-charging stag(:' 

Dura.tion of the resonant stage 

Cha.racteristic impeclance 

nesonant frequency. 

Insertiug the expressions for the time clurations Tu, Tb, T.:: . 1"d of 

the four stagcs 
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Figure 1: Circuit diagrams of the ideal ZCS-QR halfbridge 

converterso a) HB, prim, b) HB, sek 1 and 

c) HB, sek 20 
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Figure 2: Equivalent circuits of the ideal ZCS-QR halfbridge 

converters HB, prim and HB, sek 1. 

a) inductor-charging stage [ta, t1], 

b) resonant stage [t1, t2], 

c) capacitor-discharging stage [t2, t3], 

d) freewheeling stage [t3 , t 4] 
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Figure 3: Equivalent circuits of the ideal ZCS- QR halfbridge 

converter HB, sek 2. 

a) inductor-charging stage [ta, ti], 

b) resonant stage [ t 1 , t2], 

c) capacitor-discharging stage [t2 , t3 ], 

d) freewheeling stage [t3 , t4 ] 

Ta 

n 

Tc 

Td 

2L fa 

U;N 

. ( 1 a 2 Zo ) / ! 0' arcsm --- wo=-
NU; wo 

CN U; , CN 
uc(tz)- = -(1- coswon)-

fa 2 la 

T 1, 1, 1' ( Ts) S- a- b- c --:) 

~ 
dep. '"' pe1·iodicity 

and defining the following design constraints 

• normalized switching frequency fn = fsl fo 

(switching to resonant frequency) 

• converter gain M = (Ua o N) I (U;/2) 

(output to input voltagc reflccted to thc primary ::;ioe) 

• normalized Ioad resista.nce Q = (RL o N 2 ) I Zu 

(2) 

(3) 

(4) 

(5) 

(load resistance to characteristic tank impedance rcflcctcd 

to the primary side) 

and abbreviations 

a = arcsin (- ~) 

coso = 1'~ 1 - ( ~)' - : HWO ; + : FWO 

. Mrn szn2a = ±2 Q · 1 - Q + : HWO : - : FWO 

normalized equations are obtained for peak-, avcragc- and nns

quantities only in terms of the input voltage, the output current, 

the normalized frequency and the dimensionless ra.tio QIM ddi11cd 

as (, 

fstAV 

IaiN t; U ~ + arcsin (- ~) + ~ (I ± ~ I -( ~ )') } 
(G) 

where the correct sign of ± depends on w!Jetll('r t.ll(' nmvC'rf.<or 

operatcs in halfwave (HWO) or fullwa.vc (FWO) 1110d<". Tltc \,as<" 

quantitics for thc norma.liz<üion an• /" a.nd UJ!. n·sJH"ct.ivc·ly /,,/ N 

and U;j(2N) for qua.ntities on the prirnary sidc·. 

3. MAXIMUM STRESS QUANTITIES 

Design constraint ( dcfincd as ratio of normaliz<"d Ioad rcsist.a.IIC<o 

to convcrter gain also rcprcscnts lhc ratio of p<~ak rcsona.nt La11k 

currcnt to consta.nt output CIIrrcnt (rdlccted t.o t.hC' pri1nary sid<"). 

If line and Ioad V<tri<ttions an· considc·n:d, i.c·. (j"., "' ~ (j 5 (j",.u 

and Mmin ~ 1\1 ~ A1w""' t.hc convert.crs ll<tvco to Iw d<'sigll<'d l"or 

thc worst-casc, i.c. full Ioad (CJmin) a.nd low inp11t. volt.a.g(' ( M".,,J) 

to achicvc zcro-currcnt.-switclling; for t.lw wl1olc Ii neo <tnd lo;td r<wg< 0
• 

For ( this Ieads {.() 

0 I 

(= ·. ·-=~> 1.0 c~c -~ J\1,"'lJ" - (7) 

as has bee11 siiOWII by Lotfi (I <Jkx). 011 t.lw <JLiwr l1<t11d i<~I-g<' v;tl1ws 

o[ ( increasc the n!sonant. t.ank CIJIT('IIt. a.mplit.IHic aJHI tlwrC'l>y tlw 

conduction Iosses cspccia.lly of tlw qii<tsi-rcsonant switcl1. llc ·uct· 

to minirnize the condi1cl.ion Iosses a.nd t.o s<ll.isfy llw ;,l,,,;c Jl't'JnJu 
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HB,prim HB,sek1 HB,sek2 

!ft . t 2i!~L 't 22)/hl . t [to, td 

ist 2L sinwot + ~ ___ß_ sinw0t + ~ 42z~~2 sinwot + ~ [ti, t2] 2Zo 2ZoN2 

0 0 0 [ t2, 2t4] 

ts2 analogous at interval [t4, 3t4] 

0 0 0 [to, it] 

uc ± [%- (1 - coswot)] -fJV (1 - coswot) ± [2-fJV (1- coswot)] [tl, t2] 

± [uc(t2) -ltc · t] uc(t2)- ~ ·t ± [uc(t2)- -k: · t] [t2, t3] 

0 0 0 [t3, t4] 

0 0 0 [to, td 

zc ± [&- sinwot] u . t '2NZ; Slll Wo ± [2 2}fz0 
sinw0t] [th t2] 

±[-~] -Ja ± [-lt] [t2, t3] 

0 0 0 [t3, t4] 

± [ft. t] ± [2~ L. t] ±22~Ll . t [to, tl] 

iL ±[2L 2Zo sinwot + ~] ± [2~Zo sinwot + ~] ± [4 2~zo sinwot + ~] [th t2] 

0 0 0 [t2, t4] 

ft + 2i!L · t [to, tJ] 

la + 2 2}fz0 
sin Wot [tl, t2] 

ZL1 corresponding to corresponding to ~ [t2, t4] 2 

iDI(t) iDI(t) ~-~-t 2 2NL1 [t4, ts] 

-22}fz0 
sin wot [ts, ts] 

~ [ts, 2t4] 2 

!ft·N·t fm·t ft±~·t [to, lt] 

lDI la fa + &z; sinwot ft±ft [tl' t3] 

0 0 ~ [t3, t4] 2 

0 0 analogous, ' -' valid [t4, 2t4] 

ZD2 analogous at interval [t4, 3t4] 

0 Q;_ 0 [to, tt] 2N 

UD2 2ß {1- cosw0 t) ß (2- coswot) 2~ (1- coswot) [ti' t2] 

-k [uc(t2) -ltc · t] 0 uc(t2)- -k: · t [t2, t3] 

0 0 0 [t3, 2t4] 

uni analogous at interval [t4, 3t4] 

Ia- ft · N · t la- -&r • t [0, ti] 

ZD3 0 0 [ti' t3] 

la la [t3, t4] 

0 0 [to, tt] 

UD3 fJ\; (1 - cosw0 t) ~ (1- cosw0 t) [ti, t2] 

-!J [uc(t2) -ltc t] uc(t2)- ~ t [t2, t3] 

0 0 [t3, t4] 

+: S1 on -: S2 on 

Table 1: Time domain equations for ZCS-QR halfbridges 
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Table 2: Normalized equations for maximum average- and rrns-quantilics 
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ned constraint ( should be as close to 1.0 as possible. For higher 

input voltages values of 1.05 ... 1.3 for ( seem to be appropriated. 

For lower input voltages ( ~ 1.3 has to be chosen because of the 

more accentuatcd damping influences of the parasitic elements in 

the resonant tank circuit. 

It has been found that Qmin and A1max represent just the worst

case for the rms- and average-current values except of the current 

in the frecwheeling diode. lts maximum rms- and average current 

values appear at Uimax and lamu.x, i.c. at Qmm and Mmm, bccause 

under these conditions the duration of the freewheeling stage be

comes ma.ximum. The maximum rms- and average quantities for 

thc threc convcrLI'l'S in normalizcd form are summarized in ta.blc 2. 

The maximum pcak strcsscs appcar a.t fullload and high input val

tage, i.e. at Qmin and Mm;n, and arc independent of the switching 

frequency. The maximum peak stress quantities in normalized 

form are shown in table 3. 

HB,prim 

(~)max 1 + 9.mm. 
Mmm 

(~)max 2 

(~)max 2 

(iJ,v) max 
~ 
Mmtn 

( UDJ 2) 
ct:(2N max 4 

CD!2) 
-=t;="" max 

1 

(u;FiN )max 2 

(~ )max 1 

* Uc reflected to the primary side 

** ic reflected to the primary side 

HB,sek1 HB,sek2 

1+~ 
Mmm 

1+4~ 
Mmm 

2 2 

2 * 4 * 
9min ** 2~** 
Mmm Mmtn 

3 4 

1+~ 
Mmin 

1 

2 I 
1 I 

Table 3: Normalized maximum ratings of ZCS-QR-halfbridges 

The above derived equations for the stress quantities Iead to stress 

dia.grams - normalized average- or rms-stress quantities versus nor

malized switching frequency with Q/M as parameter - for each 

converter affering the feasibility to compare different converter io

pologies not only in terms of the peak stresses as has been clone 

by Lotfi (1988) and to choose an optimum input and Ioad range 

without any detailed dcsign. Pigure 4 shows the stress diagrams 

for different quantities of HB, prim. 

4. COMPARISON OF CONVERTER TOPOLOGIES 

With thc results of the strcss ana.lysis, the 111a.in advantages rcsp. 

disadvant.agcs of tlw thre<> convert.<·r t.opologies can IJ<' pointcd out. 

HB, prim 

On one ha.nd, by pla.cing t.he resonant ca.pacitor Cp on the primary 

side thc transformer leakage inductanccs cannot be utilized as re

sonant elements. Therefore the transformer has to be designed as 

for a P\.VM-converter, i.e. with minimum leakage inductances to 

reduce parasitic oscillations on the secondary side. On the other 

hand, for applications with low output volta.ge and high output 

currcnt C1, has to carry ouly a. relative low a.c-curreni compa.red 

with the convcrtcrs with scrondary side resona.nce (IIß.sek 1 a.nd 

sek 2) a.nd thc transfomwr has to bc dcsigncd for much less rt>ac

tive power rcducing its volunw and wcight. 

HB, sek 1 and HB, sek 2 

The converter variants HB, sek 1 and HB, sek 2 utilize the trans

former leakage inductances as resonant inductance eliminating the 

problern of parasitic oscillations caused by the leakage inductances 

and the parasitic capacitances of the rectifier diodes. The transfor

mer has to be designed for a higher volt-ampere product compared 

with HB, prim because it is part of the resonant circuit. 

In HB, sek 1 the rectifier diades Dl, 02, which are also located 

in the resonant circuit, cause additional losses. This converter 

can only operate in halfwave mode because 01 and 02 prevent 

bidirectional current ftow in the resonant tank circuit. Yet, the 

design of the quasi-resonant switches is quite simple because dis

crete blocking diodes are not necessary (see Jovanovic, Hopkins 

and Lee, 1989). 

5. GENERAL PROBLEMS WITH ZCS-QRC 

The analysis of ZCS-QRC reveals the following restrictions for the 

application of these converters: 

• They arenot suitable for wide input voltage range, if a good 

efficiency characteristic is required. 

• High input voltages cause significant discharging Iosses of 

the parasitic transistor output capacitance Goss at turu-on 

of the transistorproportional to the square of input valtage 

(P1 = 0.5 Goss U; 2 fs). 

• A small switching frequency range 6.fs can only be attained 

by fullwave operation of the converter.leading to a quasi

resonant switch with at least two diodes, increasing compo

nent count and conduction losses, while it causes parasitic 

oscillations at turn-off of the antiparallel diode because of its 

reverse recovery characteristic (see Jovanovic, Hopkins and 

Lee, 1989). 

Most of these restrictions and drawbacks can be overcome, if re

sonant converters, e.g. series-parallel-loaded resonant converters, 

Operating above resonance are applied (see Lüdeke, Fröhleke and 

Gratstollen in this conference record). 

6. CONCLUSIONS 

A stress analysis for zero-current-switched quasi-resonant conver

ters has been performed permitting the comparison of different 

converter topologies in terms of peak-, rms- and average-stress 

quantities. The analysis has been applied to three different ZCS

QR-halfbridge converters revealing advantages and disadvantages 

of each topology. 

According to experience, damping in the resonant tank circuit and 

valtage drops of the diodes lead to deviations for example of the 

waveforms in the resonant tank circuit and of the converter gain 

from the results, obtained by the ideal analysis. Consequences for 

ZCS-QRC operating in fullwave mode are much more significant 

than for ha.lfwa.ve operation, because damping prevents, that tht> 

resonant tank current reaches its theoretical amplitudes lea.ding to 

an earlier loss of zero-current-switching. Expansion of the analysis 

to the non-ideal case has to be clone in the future. 
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Figure 4: Stress diagra.ms for different converter quantities 

for HB, prim as an example 

a) Normalized AV- and b) RMS-transistor current 

c) Normalized RMS-resonant inductor current 

d) Normalized RMS-resonant capacitor current 

e) Normalized AV-current in a rectifier diode 

f) Normalized AV-current in the freewheeling diode 

(negativ values are of no practical meaning 

because the cliode never conducts) 
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