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Method for Reducing Surge Voltage and Turn-on Loss in Push-pull
DC-DC Converters
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e E & BIK A

Hiroshi TAKI Toshihisa SHIMIZU

This paper proposes a new method to suppress surge voltage on diodes used in the rectifier circuit of
push-pull type DC-DC converters. In cases in which the rectifier circuit is connected to the center-tapped
winding of a transformer, a large surge voltage amplitude appears on the rectifier diodes, owing to
commutating operations. Conventionally, an RC-type snubber circuit is connected to the diodes; however,
this results in large amounts of power loss on the snubber circuit and causes a significant reduction
in the overall conversion efficiency of the power converter. In order to overcome these problems, this
paper proposes a new surge suppression method. In this method, the magnetizing current flowing in the
secondary winding of the transformer is transferred to the primary winding during the commutating
period, and the current flowing through the output capacitance of the rectifier diode to turn off is
absorbed. Hence, the surge voltage on the rectifier diode is reduced, and the surge voltage on the
switching devices connected to the primary winding of the center-tapped transformer is also reduced.
The effectiveness of the proposed method is verified through a 3kW experimental setup; a high efficiency
rate of 98.5% was achived, and surge voltage was minimized on all switching devices.
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Push-pull DC-DC converter, Excitation current, Zero voltage switching, SiC-
MOSFET

1. FAHNSF VAT AOMRELED SR TEY Y, #iEH DC-DC
TUN=F DN GRISIIERT L EEDNS.
Mk CO, Bl 95g/km (2020) RKE A1) 7 + v BkW 7 5 20z DC-DCav/N—% & LT—
=7 Mo ZEV #ifil (2019) %% IZ EV/PHEV O A7 V7)) y VHRAEH SN, —k M- Rk
BAdm# L, 2020 4F121E 100 & %8 2 5 B DAL v FHECTEINCAF Ny F o zER LR
CEIET L EFMESRTWD Y. F72, 2025411 DAB (Dual Active Bridge) I > /N—=% V7 F 24 v

ENEERO 2HZB25ETFHINETF—NR Ly F 7 & BRI AR & S vin T O RLAH 7 1S
M7 — 7 BB R HWE L@ B s LBRAETEREE AL TnEz0, BAICIHIZEENT

¥ (—1t) BRFEROTHERT, BRFRHNGEDI Vol137 No2 ppll19-128 & W—EBIIZE L TEH#



AV

—Ji, TN A0 58Tk SIC-MOSFET 251 it &
L, WA A EIRIGYER R Fe 257 7 A &IE M K5
DARBIR O KMAREER KL S HAE 2 HFEEK S, Zh
5% MV EMEBORIELEDO SN TVE 7Y
COXH)BIRWOH, EFLEZT v vaT Vg N
— 7 I ROMFIM DC-DC Iy N—=%IZKH L7 7
vy aT VA N=F R, AL v FEFICLER
i 2V B TR T 0 2 5 D B AL B %% 528, R
PORAA v F ¥ 7RI BN 72 SIC-MOSFET %
vz Z &T, SiIGBT 23 2812~ T, A
Y=y oM LA TE 5. —) T, DC-DC
I N—=F OZRAEERBIE S T, — KA AL v F
DF ¥+ & 7EWEHE D) REEIER LT k%
WHST — T8 2B R — VBETEET LR
M5, KL, —KMST—F N, ZDZAAL v F
YURERET S TER, AP HESEE NV
RIS TN D75, ZHZH O L[] B % o
BHAL: E03H Y, FEH EOBEEICR > T
EBEOIE, Ty vaTNA =7 ROMFEE D
BREZEP LGS, ZKAEEFTH ST — 73 20
Y=V BEEZRRIHH T2 FHEEZRL, EiEo
BRRLMETELIEZWOERIC L. KwTid
XLDIZTy ¥ 27V ERofEE DC-DC I v/ —
¥ O EEEIEE ZIRMEER ST — 7N ZIZHEL S
WELEOMREEMT L. KIS, HFICERLZEE
P DB TR I & AT L 72 Z U B A3 [l B o0 i B £ &
FHBBVEWTE D e AL & ATV, KA ST — 7
INA AL B — VBIE RIS 5 528 T 5.
X512, MY I2L—Ya vk, RO RY
PHEBRES 5 & L b2, MET 3kW OFMERE H v
TeFEBMGEZ ATV, R CTRET 24— VB F
L SEEARR OUHE RN R E AT 5.

2. 7y a7IAROENEE T —
HREAHDZZL

2.1 BEXEHF L EERE
Fig. 1127 v ¥ 27V JiXo DC-DC a3 »X\— % ®
MR %, Fig. 2 12— KA A v F r FHEOBERE

DENSO TECHNICAL REVIEW Vol.23 2018

N

F72, N—= KA v F U TEIERO B EEE— FIC
B ERBKE L Fig. 31T F. ATTEE v 1d 400
V, WHEE v 13300V, b7 2AOBKIE 1:1 &
5 &, duty 0375 T=RMA A v F SW1, SW2 23
RHAZH Y § 50T, BELBRIIZ0.75 &% 5. =B,
Fig. 2 M OIBEEIR itn 1Z, b T Y 2D 4 BHIHN

B BIAE A& dnt, dn2, ivs, ivs DFIE LT, TRtk T
Hzoha.

= Bri+ R s Jpeat deg (1)
= 3 —t | — ——
i TPE ] :'r i
§ ¥ ]
. 5 b .r_ ___' . i.-,- I-I'- = .

e { b '
1 .;'-' ] & F A A

e, R 4 P S ) E =T A, 5 -

Wi L1 [ [EK

Fig.1 Push-pull DC-DC Converter

Fig.2 Waveforms of the push-pull converter
(hard-switching)

IFL®IC, Fig. 2 BLUFig. 3 HWT, —kMWA
A v F SW1, SW2 IZHEL 5% —VEBEICOVWTER 5.
E—FI) T, —RKWAAL v F SW2A+ 2 LTH
D, A ¥ 7 yERLIPEMTS. E—FAD) IZBV
T, —RBMAAL v FSW2Hy =47 L, —kHll%E
e REERBORNA ¥ 72 8 VA Lpe & — %M
AA v F SW2 DM Cal2 XY, LCHIRAFA
L, —KHE AL v F SW2 DUt T BIE vaz \ITREIFE

cnNnm




47

| B2
{ e (1)

9

AEETE Nl TR

(b meade {11
—
.41
l:l- M
- ¥ -
— 1 i A |
Wl SW2 oD
(& prmosde (I11)
I |
i
Tl T
il 5% : L
-
'1—1 R ———
W1 W W] 12
{dy mode (T4 h

Jid

Wi W 11 1t
(&) msde (W)
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Fig. 4 Equivalent circuit when the primary-side
switch turns on
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Fig. 12 Calculated waveforms when the primary-side
switch turns on (proposed method)
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Table 3 Experimental condition.
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Fig. 13 Experimental waveforms when the
primary-side switch turns on (v, = 400V,
Vaut = 300\/, Paut =3 I(W)
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Fig. 15 Experimental result of the converter efficiency
on the proposed method (vi, = 400V, Vo =
300V)
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