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Characteristic Analysis of LCC Type High Frequency
Resonant Inverter using ZVS
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ABSTRACT

In this paper, the resonant inverter of SEPP-LCC type is proposed and described the operating principle. As adding
two capacitors in the switching devices in parallel, the proposed inverter can reduce switching losses, noise and voltage
stress at Turn—on and Turn-off. The analysis of the proposed circuit are described by using the normalized parameters.
The data of design are got by the characteristic values and an example of the design’s method is proposed. In addition,
the justification of theoretical analysis is verified by comparing to the experimental waveforms.

Key Words: SEPP-LCC Type, Switching loss, Noise, Turn-on and Turn-off, Normalized parameters

- AoPgete
mEbA, B Ao e 38 J2e 7122 ¢ i
DF0 AEg ueA] Akl A8sle AW Al xEC] T I8 Bl nFg 7@%011 A go| 7153 SEPPY 1
nEE3 nAlFE A8 - AT} PsEl Hn, o]E AlA Fub FZWEI S A7 e s Telm, 7] 8 oy
B 1Ad B3 A ulelAl Aaislo] gt AHg 3) El3) 29 ZVS(Zero-Voltage-Switching) 71 &S T3
2L vlgAdy FAEeR qEE & ot v FE FA) FAANANEE ELFoE A[AES AA 2
3|2 WAe &3 AloPHA T W FHo] AR 291FA e d& + sle IS TG d7U% 2=
2993 ofetoll Q17}ElE di/dt B dv/dtE Qlsle] AHA F o] BAeiAe Faigls SeEl S melste] WEA S Fo
sl BBl 283 229 Zte) ol WE 2 AEH sfplom 3l2o) TSR (TS AW L3R
22 nFustd] eAlFe| itk m2 54 5)< Bt
v 2 E 2L AT E A¢Ho] sk, A9 &, o] EEAXE 7EAER § s 24HA9] g o F AA|

Ao ARG B AR 29T 294 &4 3L, o1& 2% MOSFETE 29jdaxte & 492 3
28R a7t U AEHAE IA Y F Yo} nFs} st dgA|el o] 8XE vl - AET O ZH o] Bl F



312 BHETHE RGE $48 F4% 19994 8H

4

o

AEsta et
2. ZVS-LCCH STIeltE 227y

a8 18 ZVS7I¥E =4% SEPP-LCC(Single
EndedPush Pull-LCC)& mFst 331 IHE s 28 e}
Wi let
A9A2AHSL82)E AEE 75E e HHE
EA 29 a7l de] 2=2(D1.D2)E AUA AL
2 MOSFETE 24134712 AHSE A% W tol =g
olgFor oo e FrHe Fart gl
< AL gdeoln, (C1.02)E £&& FAHAY
2 Clo] 20 vlel iets] & A5, C12 A9FE & A
NElZ BRsteg 1] AEY IR e TH2a% &
4 9lth. ol 2HAHH(Ve)S A% 1/29] DCHTZ
Eetgith v, C2=0%] A%, 22 FHIE
(C3.C4)E ZVSE AMNEHE 292 & QI 291
ool wHekE dv/dig ARAIR o 2AEd T 290
2ale] @ 2EHAE Hrslehe GTE s, U8 A
SATE C20l| Bla) YnkA o2 w$- 2L §FE et

o T

3. 3|2l

a3 19 QWEI R AL gl e 2 Pe A
et

(1) Wed]) 29347 9 gol 8= ©-2 Al Y# 99)
Uil golx, B-9% Al ¥ Jud e PR o34
o) - axlE sp gt

(i) BAL (L, Cl, C2) % ZVSE (C3, C4)e FE4Y
ol A0l Axjeln HjME A FA RHo] mHOR

[¢]

_L A +VL-  +Vcl- L2
E - >
T i 1 €1
1
s2 F +
W D228CA7- Ved2
H
B

a2l 1 ZVSE 0|83 SEPP-LCCH BEQIHE
Fig. 1 ZVS-LCC Type High Frequency Resonant Inverter

E +7- +Vc- +¥R-

ir L C | |

P

(@ LC¥ (b) LCR &

J8 2 LCH Y LCRY
Fig. 2 LC & LCR Type

1 7|50 fAs
Table 1 Reference and normalized values

| ~

Reference Normalized

Values Values
Voltage E, VI(Z)=V(OHIE,
Current I=E,/Z, iZy=in/1
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Table 2 Circuit Parameters

ChpatVotage | 50 W) W
| swichin " MOSFET © Vs = 500 (V]
! DW‘ 0 } “RFP46OJ DS(ON) :0.27[~Q] ’
%ﬁimf 1, =20(A)
Resonant
165 L) |
F‘@UQO“ | |
‘ Resonant 150 [nF)
’ Capacﬂor_i i B
Capacitor
| 10 F i
| foravs e
k Load @@_q
Resonant
; 45 [kHz)
. _Frequency |
o hmax 14.86(4] |
Vamax 7# 342.33(V] |
|y max | 0.685(4]
Tek EIITR 10“1/15/5 [ 17 Acqs

(Current : 10A/div, Voltage : 200V/div

O3 8 s[Re Metny
Fig. 8 Waveform of Output Current & Voltage

Step 5, 293 A%

AIAE A, R ARE A1

3719 WAgEd e seyepe dzehd E 29
%D}.
o, A p=2s0[w], E, =50[V]. f. = 46[ KHz]
2 o}‘ﬁv}.

1Y 8 AAR <% sl2Adsa AA AwEsas 7
ot A2 AEHY (RalAF i, A ve)e Vel
Atk 45393 27 69 o] E08 9 Pspicentyl} Hlm
3 & A7, A AX3He 4 3= gin)

I 99 13108 Z:-H’ébJH Bl-2 - QIA] 29144
AHST) Gl ZVSE AFAE 7L gl 799t gli=r 2o



316 BHETEE FWIGE

4% £45% 19994 8A

1 Acqgs
¥

Tok EII 100MS/s

(b)

(Current : BA/div, Voltage : 20V/div)

7 9 AQX|YUch He Y MR (AR 81 H-22A)
Fig. 9 Switch Current and Voltage Waveforns

Tek B 100MS/s

Tek HXOTE 100MS/s
\
I

b)

(Current : bA/div, Voltage : 20V/div)

0210 Afix|oct MY W MF ok (Ax| S1 EH-2Al)
Fig. 10 Switch Current and Voltage Waveforns

S

(Current : 4A/div, Voltage : 50V/div)

a2 11 A9t Mo o MF ot (8T (S, (1)A 89
Fig. 11 Switch Current and Voltage Waveforns

Aot 2 AFHE S Yehha ek 23#9%e 293 LA e
B-9 2 Azglgoln, 2102 ©-2A19 d3ugor
= 33g Hws) B9, ZVSE AWAEHE F-AT B9t F
aeiz] o AFoMETE 2903 Aol the 293 &4,
1%} Ringing®% 2 2Ed 27t @A3] £ EA&< &
A F Ut

o
=1L B 45 9o, ZVSE AMAEE B4 T Peakd
=
=

tlo
A
=
mgl_:
Y
A
i
Y,
njo
112
4
2
v

7VSE AAEE Bagtoz A9A AAjoAe] AEF
Zd 4 912S #AE F U} =&, FHE AHA
B2 2gdsto g 03 27 ¢uE Mgt 2FH 2 FH S
:‘,:
Yo

or LCCPes Ao e &5 Hds 2

gl oINS BaA Ae ST 7I2E 3o 3
22 H7A81% 1, Power-MOSFETE ~=9A 422 dlo} 3]
28 745 Qe APATs o EaNel Fne va -
AEs ol2ajAle] HPAE BT



ZVS-LCCH 13yt 23 AuEe 484 317

(1

(2]

(4)

(5]

(8]

1%

o238

F. M. Magalhaes, F. T. Dickens,
Westerman and N. G. Ziesse,

G. R.
“Zero-Voltage
switched resonant half-birdge high-voltage DC-
DC Converter’, HFPC Porc. pp.332~343, 1988.

K. H. Liu, R. Orugauti, F. C. Lee,
switches—topologies and characterstics’,

“Resonant
IEEE.
Power Electronics Specialists Conference,
pp.106~116, 1985.

S. Yuvarayan, “Waveform Generator-Based Sin
PWM Scheme for Resonant DC Link Inverter ,
IEEE APEC, Vol.1. pp.247~252, 1994.

Yimin Jiang, “Soft-Switching of IGBTS with the
Help of MOSFET’s in Bridge-Type Converter
[EEE PESC, pp.151~157, 1993

EX Yang. F.X Lee and M.M.Jovanovic, “Small
Signal Modeling of Power Electronic Circuit Using
Extended Describing Function Technique”,
Proceeding of the Virginia Power Electronics
Center Seminar, pp.155~166, September 15-17,
1991.

K. H. Liu and F. C. Lee, "Zero Voltage
Switching technicques in DC/DC converters
IEEE. Trans. Vol.5, No.3, pp.293~304, July.
1990.

I. Batarseh, R. Liu, and C. Q. Lee,
parallel resonant converter with LCC-Type

“Design of

commutation”, Electronics Letters, vol. 24, no. 3.
pp.1779~179, Feb. 1988.

A, K.S. Bhat, "Analysis, optimization and design
of a series-parallel resonant converter , IEEE
Industrial Electronics, vol. 1E-36, pp.485~498,
Nov.1989.

M. K. Kaxinierczuk, W. Sxaraniec,
voltage switching inverter and de/de converters”
IEE proc.-B, vol. 139, No. 4, pp.387~3%, July.
1992.

MY, g, 188, mad, o)ge. UVSE o) &
& SEPP-LCCE n3u} R0 E o] EAs| Ao 2
& A7, ARG e =23 pp.14~19.
1998.7.

“classD zero

ME4 (e

196751 4% 19204, 19974 25y
‘c'SI-_T_Il. = (_E_I-A
SU(HAD. 1997A~ER £ Cheiel 7|
AR, SIRY 70| 1CkSt Rt Zelms

§ 200 MA=E
). 1997 Sl o) Mo |Z5tnt

5
=i

£l

OI:J 0]»
=

S (&FER)

1950 113 20444, 1973 etcl oy A7

Bstn} Zei(EA. 19764  chetel H7|zet
o ZEA(MAD. 1987 Kobellst Z¢4(3ul).

1987H~1989 $HE7 (01T TBIRIA} 947

2% #A ddtl 3o WIRKBEE T4

2t 83| Eojgl,

LY. 1961d M2 3 AN
A(SAD. 19754 Hdth Sl M|
(A, 19784 & Cigtel My(Z3
8h). 1982:4~1983 E7| Fg
. 1968~88) Ath B XM}

HEM (RAiE)

19644 11 20248 199049 Y
I EQU(SAY. 19921 etch By M7I=

ZU(MAD. 19974 £ CHEtel {‘j?l% t

(B, &% ol 1cket J7 (2t Zelma:

o}a
o
2
2
N
OH
Lo

g

ok
_E
U
i)

M AR (Fkig)
196714 3% 232M 198414 LM 2o MY|E
S0} B, 19864 S Chetel ZUIZE)
BA(MAD. 1998 & chstel A|@st
(3. &) BT obvas MK} oipst

[od]

0
o]

=

=0
=

r

o
B
iy
o2
_]ol
5
0
w
rhe
ofn
R
J.,_
_&i
N
OH
\-.I

r
& Tz r &

I} =g

i

a). Sz ’“’“EH -‘—EH H|OJAHIS:



