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Design Procedure Based on Loss Analysis for
a Current Resonant Type Half-Bridge Converter

Satoshi Miyawaki*, Student Member, Jun-ichi Itoh™, Member, Kazuki Iwaya™ *,

Member

This paper proposes a design procedure in the efficiency of a resonant type half-bridge converter for a high efficiency isolated

DC/DC converter. The design procedure is based on the loss calculation. The relationship between the loss element and the

efficiency characteristics was clarified. The loss analysis method based on the parameters of the circuit element is formulated.

The analysis results agree well with experimental results. In addition, the highest efficiency of 96.8% is obtained using the

half-bridge converter. Finally, design procedure in the efficiency was clarified using a design procedure flowchart.
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Fig. 1. Current resonant type half-bridge converter.

Step down chopper Resonant type half-bridge converter

I—E_:i-l B . 1_

]i z£ ‘ ‘%_ 4 m VDU{
m |
T T~ I

(a) Series connection of the step down chopper
and resonant type half-bridge converter.

Resonant type half-bridge converter

[ 7|0
T e

o

=1

oJ -

Auxiliary circuit

(b) DC/DC converter using series voltage compensation
Fig. 2. Circuit example using resonant type half-bridge converter.
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Fig. 3. Transformer current (i7) and S,,, terminal voltage of DC/DC
converter using series voltage compensation (Load: 100W).
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Fig. 4. Relationship between the loss element and
load characteristics.

WIKIE L2V ERR (K, T]) DA LRy, RIEROARK
RPN OEDNRT Rk s TIREENS, 2L,
A LT D BREIEG AN—T TV oV a "—=21%, Z
NHEECTEIEHEZFT 9 bOTIEARL, 2. 28 TR LZ@EDY
R o v "= 3k s T AL D FAIED L I3
EEAT, MBEIC L > CTHADBEORIEEITS 2 & %
BifEE LCWB, ZDD, NIV ADRMEA X0 5 v
AFRhA U F 7 R LU TIHERFICRE L, il
BIROEBA MR TE D X OICERET 2, 2B, BBEER
IZEHRIT S mIZTHRIBT 5,

F£72, FET OFEFBENFTMEIND Z L THRAET HH
RERFT UIAER, BIBEEOERL L TE TH/AE
Wz, BRFFEXTIIEEL TV,

(3-3) FETi&%

1 A0 FET (2 & 2H8K0%, kT ZCS BER I TE
D, AL v F U THENER THD LRETHE, ETD
FUARPUC L A EEEADOHATH D, 1 WM FET —f@lc
VAL D EI iper IX(ONTRIN, FEW T & ITEZR R D
BTN D, 12720, wp (ZHIEABEE, T, IXIEREEH
Thb,

T,
E(ZIi,l)sin o |0<r<=2
bk ’ ©
FET — T .......................
0 (70<ISTOJ

L7ciio T, FFOFAIZ Ry e QT2 &, 1 R

FET — &7 0 TRAET DK Py pd WHE(DHH L 725,
1

_ +2
loss _FET = "}, RnniFETlFETdt
0

 —— (7
T

_ 2
- R(mﬁFETIin

4

2 AN D [FHIEE i aR I LRNCRIB L CAL v F o 7T 5
72, 1 Wl FET &R U< E@EELOALTHD, 2 KAOD
FET —fBIZ A 2 B i 1X(B) TR I D,

T,
%Iam sin @t (0 <t< 7"}

Lee =Y pa TN e (8)
0 (%<ZSTOJ

R OF A Ry o[ QIET DL, [FHEEIRERD FET



— 8D 7= THRAT DK Pl o WHEO)RE 2D,

1 % B
[ﬂSS7}‘€C :FOJ.O RG}‘I rec YPL‘dt
s e, )
4 2

Eﬁmmm

(3-4) arvTIUHELX

IR N—T TV v Va =220, 7y VEHER
THOERA T EHADFEa TR D, A
T OBEKIE, arT o OEMESIKRIIE 2T oY
WCRBEBSNDERPORO OGNS, iR T
3?)71 W2 b7 U ADATNTHA D HRE IR D 253 13 i
57, iR o7 Y OERR ic resonant (1) TR S D,

lC_re:omzm - 2 in

ij\:ﬂ\_é = ‘/? ‘/"j'@ 'fﬂﬁ ﬁlﬁ:—&#% RCfresonant[Q] & j—é k ’
%Eé_:‘j* % E;’E PIosstJesonant[W] j:(l 1)it & fi % °

1 2
— 0 :
Ijloss _C_resonant — F 0 RC _ resonant lC _ resonant dt
0
S (11)
4 2
= 8 RC _ r@sonam[in

iz, Whar 7o yoEiRiE, EREOFHEEZ R
ELTHRBESIND 2D, H=ar T gyl b &t
ic oI 2(12)F L 725,

. T .
e ou = ‘510“’ S R B (12)

)= 7 o OFGEIES A Re , [Q1E T 5 &, %4
jﬁ %) E;’E PIosstiout 01(13)it k 73? }_:)O

1 2
loss _C _out = FO (fﬂ RCﬁou! lCﬁout dt
2N e (13)
= [? - IJRC uutlozuf
(3-5) +SUREME
N7 U ATRAET DKL, BROBIULIC K D8

L a7 OBRENIZ L 0 BAET HEBICOBECE 5, £,
B OFE T ELATRT, NI AOHEBIIREELEE
LTBRIREI bRk 5, 582 (m]DOHIRICIS T 2 KED)
o B LIS e Wi S[m*)iX(14)RE 72 D,

S:lﬂz—Q—5Y% ................................................ (14)

72720, qmlITEAREE D DRFBOTFES TUAS)XTRD
HZLINTE D, 12120, y[Hm]iXiERER, ofS/m]iZeRoiE
BETHD,

N S (15)
Wy UT

IED, REGREBE L E M 7 SR o BB
Ryiin eeed QUEAO)FTRD B D, 72721, [mIFSFRO K

SThD,
1!
Rmﬂmzz;g ........................................................ (16)
kT > AT 1 KA, 2 REIZFRENDOBROREST TR

oD, FFUAO T RMA, 2 WARANZHEALD B v, i
EENEN1T), I TRENDTZD, R T U ADRED
REZBE LU 1 IAPEBIRELE Ry, [Q), 2 RAIPEHIKHL %
Ru[QIET DL, 1 RIAPEHROER Py i[WIE 2 RAUEHR
DK Py n2 1219 E QO)RTRD BN D,

iy, z@gﬁm%t ................................................... (17)
iy, L SIN@GE et (18)
U 1o
Pross wi :F o RNlllN1| dt
; ......................................... (19)
=34%m
L 1 op
Poss w2 :F o RN2|IN2| dt
e (20)
R I?’U
8

(3-6) h~SUREKE

b7 U AOERIFBEEOELICLY M T U RITHEAET D
WRBE L, a7 DRIk TIESND, T RAIC
FHRWEILE AT 256, RKBEHEE B, [TIIEZCDHRT
RKOBHZENTED, 2120, NiZhT 20 1 kS,
AHZIFAA > F o R, Am’liE = 7 O FEh WS T H
2,

BRI, a7 OMBHC > TS a7 0 AE—BIRE
JERHED 7T 7 2 A, BEREFEN D 27 v AE P, [W/m’]
BRDBH, 2L, —RIC, a7 MEOF—2 v — MIER
HEN TV EKNED VT 7 X EREHEHREFM L &
XORMETHY, ZOHE, BRII=ZAKE DD, &

TOBEENEGEEND, T T, TOEELMOELRL L
RTHH/PENLE L TERLCND, 20X, FTUR
DEI Prans o 1 ZQOXTRD BN D, 72721, V[’ liZ=aT
DEBERTH D,

Prs 1o =PV oo (22)

L7eRo>T, b7 ZAOEBITERITKFET, 270
WPk & ANEBIE, A v F o Z ol E A EEHELT
b5,

(3-7) HRAFV21EX

ER LTz b7 v 2ADIRNA v F 7 2 AT T, +5
A VHE I AMEERR LR E X, HHEICHWDS A
VEI R AR LT N T U ACEINCE T D, — %
W2, WA v Z 7 8o A REKFHT D B0 8ML,
T ADBNENBE(T L7280, ROBENDILRA >
I REBMLIEIZI DI, A X7 X2 ZAOEKIT
TR LRBEID, S LEIBICOBECE B, MBIXNT
A L RARICE R % B LI BRI o IREiE 2> 53R
Y AR

A, FTA U H I FICRETHELEEZRD D, R

IEEJ Trans. 0@, Vo.0®,No.®, 00 0@



T A L7

A UHF T ZICFEATHELEL, HWIRICEY LCM2BET 5
TRAFX—TREDZD, ()REE—7 LT 25 EZHE &7
Do

14

L _ peak =

a7 OBEREENFEHTENE, bT U RAOEME L FEEE
W2, QDR ORMRHEE 2B L, 27 10 AE &K
B DEHEZ RO LW,

4. FERERLFREEROLERKRE

1 WCRTIHBEAN—T7 7Y v oar "—=FExtR b L
T 48 V-12V, 200W D EMEA1ERL L CEBRAIT -7, 24T,
FBHER LA R RO LBBREF 21TV, BRFHRE O M
EWRFET 5720 TH D, BT A—2F# | \IRT, 72
B, EBRCIER—DaT7E2HNT NI U RAEH%E N, - N, =
2:1 &N N, =4: 2\ ZER LTEREITH7Z, ZHUE, b
T URATRAET LHB ESBELELITE LD TH D, i
B2 3 O LEHERZHAVWTWS, =721, A1y
FoTFa—T 4% 50%—ETHY, AFEME & bIcH
HEEMEFT 2728, FHRICITERICE D JIE LB
EERNTWS, E7-, BAMRFCHBRINFEET D720,
A RRFOBRLEWE L THERKRIIIME LTS, Th
[ZOWTIE 5 B TR~ 5,

X 5 \CFEHEFERR L HBRFIRIC X D AT SR & Ll
FLIREREZRT, BRLY, NTURAOEBKEEELLT
BATYH, ERMEEFHRMTARTIIH L URIERET—%
LTHEY, FEFCHEORWEATRRTELZ LEZRL
TWb, £, MNFUABHEN, : N,=4:2 L LT2BE
HE R 96.8%, AT 200 W T 94%LL_EDEWVEIERNE &
nTWns,

T AEKE N, N,=2:1¢L LEEA, FTUADRE
HREENRELRDTOBENIHEMT D, 2k, &

Table 1. Circuit parameters.

Element Symbol Value
Input voltage Vin 48V
Output voltage Vout 12V
Switching frequency f 210 kHz
Resonant capacitance C 0.1 puF
Resonant inductance L 2.4 pH
MOS-FET on-resistance Ron rer 15 mQ
Rectifier MOS-FET on-resistance Ron rec 4 mQ
Transformer core material PC95 (TDK)
Core effective cross-section A, 134 mm?
Core effective volume V. 4658 mm’®
Primary wire turns N; 2or4
Secondary wire turns N, lor2
Primary wire resistance Ry, 5.00r 17.7 mQ
Secondary wire resistance Ry> 1.8 or 5.0 mQ
Wire resistance of L Ry resonant 17.7 mQ
Resonant capacitance ESR R¢ resonant 12 mQ
Output capacitance ESR Re ou 9mQ
Primary interconnection resistance | Ryire primary 3.8 mQ
Secondary interconnection resistance | Ryive secondary 3.8 mQ
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Fig. 5. Comparison between the experimental results and the
calculation result.
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Fig. 7. Zero current switching waveforms of FET (P,,~60W).
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