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Abstract: Theoretica/ and experimental resu/t.'> of а SLCCV oper·ating above 200 kHz 
are presented. Circuit waveforms, sma/1-signal model and large signa/ mode/ are given. 
FinaЦv а cmnplete sclteme of а .switch-mode power supp(y built around а Serie.r -
Loaded Resonant Converter With Clamped Voltage i.<> a/so given. The D C voltage f or 
ро~џеr .\·tage is around 350V and it is provided Ьу а рои;ег jactor correction 
preregulatot-.from mai11s (220 Vrms АС). 
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1. INTRODUCТION 

Recently the resonant converteт has been given а great deal of attention Ьу 
both industry and academia [Ј .. 1 0]. Many different topologies exist, and new 
configuratioпs appear in the literature quite frequently. 

Оп this momc:nt, the rcsonant converters are defined as the combination of 
converter topologies and switching strategies that result in zero-voltagc: and/ or zero 
curтent- switching. One way to categorize DC-DC converters is as follows: 

1. Load-resonant converters; 
2. Resonant -switch converters. 

These classification are explained further: 
Load -re.<>onant converter . ., consists of an L-C resonant t:ank ciтcuit. Oscillating 

voltage and cuлent, due to L-C resonance in the tank, are applied to the load, and the 
converter switches can Ье S'l.vitched at zero voltage and/ or :zero cuлent. Either а series 
L-C or а paraHcl L-C circuit can Ье used. Jn these converter circuits, the power ilow to 
the load is control1ed Ьу the resonant tank impedance. which in turn is controJ\ed Ьу the 
switching frequency f . in comparison to the resonant fi'equency fR ofthe tank. 

Resonant -. .,и;itch converlers; In certain switch-mode converter topologies, an 
L-C resonance can Ье utilized primarily to shape the switch voJtage and сштеnt to 
provide 7.ero voJtage and /or zero current S'l.vitching. ln such resonant -switch 
converters, during one switching frequency period , there аге resonant as weJl as 
nonтesonant operating intervals. Therefore, in the litcrature, these converters have also 
been term.ed quaзi-resonant converter~. 
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П. THitOREТICAL CONSIDERAТIONS 

Ву considering а complete design for а specific application, the merits and the 
Jiшitations of SIJCCV can Ье more fu1ly understood. Comparisons Ьetween pп::dicted, 
sirnulated and measured performance vcrifies desigл and analysis tools that havc been 
developed. Тhis allows а designer to use these tools Љr а comparative analysis of 
difterent converters, and Љr detailed designed guidelines. 

The topology ot" power stage is presented in Figl. The circuit vw·orks at а 
switching frequency under resonance frequency. We will have two modes or operation. 
ln mode П the diode Dl and D2 conduct, and this mode is important for DC-DC 
converter application. А detailed steady-state ana]ysis of each mode wi11 Ье done. Also 
for mode П . а small -signal model will Ье present. 

1 VJ 

(~ J.R 

J:'ig. 1 The power .ttage. 

01 

1) characteristic impedance: Z R = ~ ; ve:-; 
2) resonant angular frequency: CtJ R 

7
, 27r 

З) resonant period: R = --
(Ј) R 

4) ~witching period in the secondary side: 7~ ; 

1." TR 
5) duty tactor: и = --

. 2~ 

The output capacitor, 
the load and the 
transformer are 

modeled Ьу voJtage 

source n V о whose 
polarity is determined 
Ьу D3 and D4 

conduction. Siпce the 
circuit's Ьehavior is 
largely determined Ьу 
values of LR апd CR the 
following parameter.; 
are detined as: 

Assuming losses are negligiЬle, the input power equal!l thc:: output power. 
Starting ftom this assumption thc following equations can Ье demonstrate for mode 1 of 
operation: 

1 =~ 1 
2n 

(1) 

147 



v = v, 
" 2n 

(2) 

(3) 

(4) 

where 11, V1 are input cutтent and input voltage, V0 is output voltage and VcRmin ,V CRmax 

are minimum and maximum voltage value ofthe resonance capacitor CR. 
The diode~ D1 and D2 begin to conduct when V \Rn1m has the value zero and 

YcRmax has tl1e value V1• From equation (3) and (4) results: 

R пZR 
:s; 2/in 2 ( 5) 

The Mode П of operation is 1·eached when the values ofR or rs are dect·eased 
(f, i~ switching ffequency in the secondary side). At the moment to (Fig. З) the transistor 
Q1 conducts. The equivalent scheme is presented in Fig.2a. 

1 ~ t ~ The circuit's cuпent is: 

(б) "f]::· 09·"' i"(t) = v, ;:V, sinm ,(t-t0 ) 

AL the moment t 1, the capacitor CR charges to V1 
~ ~ 01 

LR 1я and diode D1 begin to conduct (the equivalent 

[l,~ 0'"
2

' _ ~ :~~~:~ro~i••'(hown) ~:0Fig.2b). The current 

. lLR(t) = lz.R ! 1 - т(t - !1) (7) 
R 

At time t2 the circuit's current reaches the zero 
Fig. 2 The equivalent schemes. value, the capacitor CR wШ Ье charged at the 

maximum value V1• 

At time t3 tlle transistor Q2 begin to conduct. The equivalent scheme is presented in 1-'ig. 
2с. The current will Ье: 

. V1 -nV0 . 
lLR(t)=- SШШя(t-t3 ) (8) 

ZR 
At time t4 the voltage across CR is zero. The diode D2 is open and the circuit current has 
the valuc: 

148 



:------------ -------------------- ----------------;-,;;,:.---------; 
:-- · --' 

............... ............. -------------------- ---- -· - ----------------· ;"...--- --:.. : ---- ·- ,..,..----·~ 

The energy stored Ьу Ск at the mom.enl t3 is : 

W= CRV/ 
2 

(9) 

( 1 О) 

This energy wiП Ье delivered to the load during Q2 conduction. Due to the circuit 
symmetry, the energy delivered to the secondaтy during Q 1 conduction cquals Lhe 
energy delivered during Q2 conduction. The energy delivered to the load can Ье writte:n 
in terms ot'the output voltage and load currcnt: 

CRV/ =V Ј Т. 
2 о о s (] 1) 

в~cause 10 = V 0 1 R the equation ( 11) becomes.: 

V ~vJC,R 
О Ј 2Т. 

s 
(12) 

The equation (Ј 2) suggests that the output voltage can Ье maintained constant i f tће 
s\vitching Jiequency is varied when the Joad алd input voltage are modified. 

с~,,!-. --~--:----:;--~----:',,о 

х •\)' 

Fig. 4 Output 1-'0ltage Vo ver.ш.yfr 

The fig. 4 presents the output -.·oltage 
versu~ t~ for different value ofthe Joad. 

ТЛЕ SМALL SIGNAL MODEL 

Since regulation i8 maintained Ьу 
feedback control, the Јоор gain of the 
system must Ье known in order to predict 
the power converter's perf'ormance. Тight 
d.c. regulation requires high loop gain. 
Good transient load response suppose а 
large bandwidth with the upper lirnit being 
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les~ tl1en the half ofthe switc!1ing Пequency. For ~tability considerations it i~ de~iraЫc 
tor the gaiп to cross О dB with а 20dB/decade !;)оре to guarantee adequate pha~c 
шargin.To control the output voltage а VCO can Ье used. 1Ъе trequency оГ VCO will 
Ье nюdified Ьу the voltage erтor. То find the output-control function we star! fi"oш: 

v 1 = CRV/ f 
о о 2 .< 

( 13) 

( 14) 

but: 

(15 ) 

hence: 

( 16) 

А Fteг thc open loop transfer functioп is detem1ined, compensation and gain can Ье 
added to the ampli!i.er stage to give the desired characteristics: high d c gain, large 
bandwidlh, and а gain v.·ith 20dB/decade slope at О dB crossover. Because о[ the slope 
оГ c lo~ed loop gain at OdB crossover is 20dB/decade, no compensation is needed. 

Ш. CO:\-'IPUTER SIМULAТIOI\' 

·: r : ~-------_._--, _...Ј..__г-__,_---~----'--'-1 
о U(ug1 )- U(U18) о Ufuv2) 

iiМIIJ 7--.-------------------------------.-.-.. . .. -------------: 
: __./' '·- .... ...------: 
:::-~-::__ __ . . . --------- ________ -::-:.:._ ---- _______ ::: ___ --------- ___ ; 
D Utuer) 

1.1111-------------.----.----------------------.-- -. . . . . -------· ; .... ----- - ---... . __.......-----.. ...... __ : 
1.8А ..:.. _________ -------- ____ _: __ :-::-. _ ____ .,., .. - ·-. --- -------------------· 

D HL Ll) 
~н .а._ . . -- -------- ---------· --- - ----------------------- .. 

~.........------...... ---~-....... -------~ 
1'16 .81.--. : ---------------------------------------------- - -. 

а Hu_VЗJ 

;----;==,· - . /~--- ·------- _;;.' · -, ; 

"~~i~ _____ :)-____; ··-----,-----/-~----- .. :-,_ј 
as 1.a.s .l.8Js 'Э.eus 1.0u.a 5. 8112 

n f(D_DЗI• 1 (I_IН) 

Fig. 5 Tl1e simulaJed ~vav~forms 
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То properly analyze tЬе ciп:uit, siшulations have been performed. The Гig. 5 
pt·esents SPICF simulation waveforms for mode ll. А detail of these \Vaveforms are 
shown in Fig. 6 . 

.... 

.,.:.._ 
... "'.,z ~ 

""·""'Г .... /'~::.-\ '-·-- LJ 
1~ 

: ,. \ 
: / 1 

1 \ 
1 \ 

ј \ ;' 
..,, у '---

\ / 
\_) 

~~ ..,. ... ............... . . ................ . 
h <~ L-
t.Yt...-1 

Fig. 6 А detai/_(or Vаю and VCR valtцge. 

IV. PR.<\CТJCAI. RESULTS 

Fig. 7 Upper trace: 1'c:пvo/tage, V: 5 V!div; 

lower rrace: V0 : JI.·J OOV/div; Н: l;..Js!di\' 

!ixperimental results for а maximum 400kllz, 60W power converter <1re 
presented. The IC cit·cuit used to contro] the ST,CCV i~ UC 3865 from lJnitrode [3,4] 
and the POWERМOSFEТs аге dr·iven with the IC IR 211 О trom lnternational 
Rectifier.The input voltage is 350V provided from а power factor correction 
pt·et·egulator [2). The circuiL's scheme is presented in Fig. 8 and the expenmental 
wavefomts are presented in Fig 7. As shown in Fig. 6 and Fig. 7 simulated and 
exper·imental resu]t~ agree quite well. 

L ___ _ 

u:. 

Fig.8 А SMPS bui/t around SLCCV. 
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V. CONCLUSJONS 

А steady-state analysis of' the SI,CCV has been presented with simulated and 
experimental wavefonns. А sшall signal analysis for the control loop has al~o been 
given. Finally, а complete scheme оГ SMPS js given. The advantage ot' resonant 
converter over the conventional PWM is that the EMI filtet·ing requirements are 
reduced and efficient operation can Ье maintained al high switching freque.ncy. 
Ho-w·ev·er. the drawba.ck exist~ that rnore care rnust Ье given to the desig.t1 of' the circuit 
layout and magnetic circuit. 
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