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A New DC-DC Full-Bridge Converter with Using Regenerative
Transformer

J.H. Kim, B.C. Hyun, J.M. Lee, BH. Cho and D.Y. Lee"

Seoul National Univ, Samsung SDI’

ABSTRACT

A novel full-bridge converter with a new
energy-recovery driver implemented a regenerative
transformer is proposed to improve the efficiency for
wide input voltage range and load variation. The main
switches achieve ZVS independent of the load current
condition. During the free wheeling period, conduction
loss is minimized by recovering the circulating energy
to the source. The principle of operation, design
consideration and experimental result, including
efficiency, are presented in the case of large variation
of the input voltage or load. A proposed 1kW
converter prototype i1s compared with a PS-FB
converter

1AM E

gl ExelA AYEHe g Fxot IA
2t (Zero Voltage Switching)2] A|o]7} &olsle =
Ag/dAdgg&oz dg AL EHI Q. o] FAHEH
e dd3da 294A(S, 9 F$+ IFHUGH
(Lp ¢ 289 J49H A" dyAE ol &
st gHtel FAHT, HAHAT 2HA(S S
dqME @A FWJAYE AZdE YA TS o] §
ko] FAYe] FPH BAEEA FHAG =9
olgA Hrh ol& 3 AFF AT FAY &
AHe] 7t 329 A7 FAPF ol

2 =FdAe 7189 Ex2X AYEA R}
SFIZE AZAS AYEHE AU FrrI =9
AR E o] &3at] A 2929 FHAG2=H Al 7}
Totn duyAe] dEE HHhoz HEHORA 7]
E9] 9dHe] EREA ZAWEY a8 FAAZ
o, A" ZYEe FARdee 5
A Ag43E T3 Bl

O

2. =

21 Hotel ZuE 2= 24

Ate gI4Ho]l EneA AWHE 19 20 =
Astdth. $AH2E 29A(S, Sp, Hele=
(Da Dyp), BARAZIRD), FAALE(L)Z 7
4ol ok F 7 REW FaEde few

=2
2= 0 (fgtg) : tstooé [IH Sl—\o:‘ on, D3% off%l
o 29 QYEAF LE 23 dol2= D, D,

O, EE Rioss

J3 1 7|E fAMF0| EEE|X| #HH{E
Fig. 1 Conventional PS-FB conver ter

a8 2 HekEl EE22|X| HHE F=2
Fig. 2 Proposed FB converter circuit

- 395 -



=

—

&) a2 2
E MODE 11

MODE 10

a8 3 2 re=o| SuiERet sEE
Fig. 3 Equivalent circuit and conduction path for each mode

|

e

n

1 f\

{a]

N

Vi ls
IVIA] v (

'y

ViLA)

Vi ks _—\ o=
L/

fia

A / /

v W g g g

8 4 HekEl E=22|X| HHH Tk

i

,~--;¢“§';’: SN e IN

v Yo

A\
\‘::.\
by b ll}

Fig. 4 Key waveform of proposed converter

B 1 (te<t<t) @ 4B Iyt
ond o 3IAUY7] Gule] o3t
aVo2 Ip°l A%83ez 3

AFe 458 D& §3f Ade=

z20 Sy7t

Aol ( V,

hereh s AEgt7) el

S

BT 2 (t,<t<ty) : toA S7} off H Lo}
2932 S, S 7IAAMNANELY FFlo] ot
Vae 022 ZHAgT. 34 €¥gr7] "o]lE o]
ld GALY =4 HFA7,
3 (t3<t<ty KLY W St 94dY onH
I 3L HF1n Ag3xo=w 743
4 (t<t<tg) : I,& 0°] 53 D, offstH
(Zero Current Switching)S w+3kc}
(ts<t<tg) : &8 ®W Sgp7t 0°] =i (d
) Sl S,Z AWHY "AF7 28

6 (tg<t<t;) : td =W Sl offI¥ Col
i GF wAdEn. dEHAYEs S8 =
Voe 022 #A3T
T (1,<t<tg) : 4 @ Sp°] on¥e] ZVS
kg 1,01 DelAM SE 3

8 (tg<t<ty) : Y @ Syt offs] iz L%
S8l 71 AHAE 2] FRo] dojn}t
V& F7hgot
BE 9(tg<i<itp) ' Ipe 483 4a
Ll AZE duAE deoz =HEdUA.
EE 10 (tp=t=tp @ Y2 9 S7F ofisfx
Lt C GO &3] dojdnt. Vye 0°] 51
Ige)l SelM D= &t

tpelF Sy, Sy $° THLE HAo] R HEG

oli

[t

o H

i

(0 of b & | o W H [ oo K

LS e P g A O [

td

> o
[

fa
N
&

k!
N
~ fir

- 396 -



22 ¥y 2918 =A

2 20A A" AHE #HAHz 29A
29 Ho] o]FojATL} o] W F
xaog d%e te A3 o] FAHPY JAHY =
AL A A BAANoZRE A 49 7ol F
At webA ARG dHl a9 g2 05 7
gho] =z ojof girt,
] - (a—DV.
zw(t):-i-ﬁ% Vgsinat— L&+LVS

Z
—L—kw(lm—lw)(l—msat) )

Ean

il

1

L
iL,(t)=(Iw—IL,0)’—Elﬁ_LL(l—ooswt)— cui

E . (e—1V
T xr “+”2L,(a_l) Vssmwt———L = ’5 tHl s (2)

. L
v ()= Ly —1I 1) Zsinwt+ Ik+lkL -

Uc(l‘g) =0, im(t3):0, iu(ts)ZILﬂ (3)

_ 1
where w_QL,,Ce, C.=C3+Cy

Liﬁﬁi, (=) V<V @

E 1 HetE FB #HHE 29| m2jo|g

Table 1 Design parameters of the proposed circuit
FB transformer core PQA040(32:13)
DC blocking capacitor 4.7uF(63V)
Leakage inductance ( Lp) 25uH
Output filter capacitor ( C) 44uF(250V)
Output filter inductor ( L) 260uH(40A)
Main switch (S}, S5, S3 Sy 2SK2837(600V,20A)
Rectifier diode (D, D) FML34S(400V,20A)
Snubber capacitor 0.33uF (200V)
Snubber resistor 22kQ (2W)
Snubber diode UF5404
Resonant inductor ( L) 5uH
Auxiliary resonant switch ( Sz Sp)| SGSION6ORUF
Auxiliary resonant diode ( D4, D ) | MURBGO(600V,8A)
Regenerative transformer core ( Ty PQ2020(7:24)
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