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1-kW Dual Port DC/DC/Converter with Galvanic Isolation Based on Current-Doubler and Buck Chopper
Yoshinori Matsushita* (Shizuoka University, Yazaki Corporation), Toshihiko Noguchi (Shizuoka University)
Makoto Ishii, Noritaka Taguchi (Yazaki Corporation)

This paper proposes a novel topology of a dual port DC/DC converter composed of an H-bridge inverter, a high-frequency
galvanic isolation transformer, and a combined secondary circuit with a current-doubler and a buck chopper. The topology has
lower conduction loss by multiple current paths and smaller output capacitors by means of an interleave operation. Results of
1-kW output experimental tests operated with 400-kHz switching frequency demonstrate proper operations and results of the
efficiency evaluations indicate the maximum efficiency is 78.2%.
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Table 1. Operation modes of proposed circuit.
Operation mode 1 2 3 4 5 6
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Fig. 3. Operating waveforms of each operation mode.
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Fig. 4. Equivalent circuit and current flow of each operation mode in
secondly circuit.
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Table 2. Specifications of experimental circuit.

Parameters Values
Vin 300 V
Cin 330 uF
Vout (current doubler side) 48V
Vourz (buck chopper side) 12V
Switching frequency 400 kHz
FPGA XC7K70T-1FBG484C
Clock frequency of FPGA 200 MHz
S1, S2, S3, S4, S5, S6 SCT3030AL (ROHM)
D1, D2 FFSH4065A (ON Semiconductor)
Transformer turn ratio N1:N2 =4:2
L1and L2 15 pH
L3 and L4 3H
C1l 44 uF
C2 188 uF
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J
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L2
] S5 Jl S8 Jl Ciy Ve [Voun
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D1 D2
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Fig. 5. Configuration of experimental test circuit.
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Fig. 6. Block diagram of proposed circuit controller.
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Fig. 11. Efficiency vs. output power of current doubler side.

80 7 e Poutl = 159W
© e Poutl =292W
sl 3 8 Poutl ~ 482W
2 o Poutl ~585W
7
’ 12 o
70 ° 6, 11
65 10¢
1, ® e ge
%000 200 300 400 500
Pouz (W)

12 BEET = v MU E - R R
Fig. 12. Efficiency vs. output power of buck chopper side.

5/6



2o THEY, Pour BKEWIHMEEEIIKT 5 ARHEOE
BAMRENZ ENHEERTE D,

Fig. 12 12kl 2 Pouwe & L72 A= % 787, Poun 235 159 W
DEXDEENZFEERTH DD, EID Poun 23T
HDIONTHENRADFEIZRE L R>TD, i
Poutt 3BT HIC SN TARENEER LY b RE 2o
TWNWDEWNWIZETHD, Pour 1T KRBIREMES S BD
BHFHHELY REWVWE ZAICHDDITH LT, Por 1% Pour
=14TW O L ZITREERREAEFWMECLESTWNE S
e, AREEZKEIET DL, Pore Tix7e< Pou % K&
TNCTDONREE LU,

(4:3) BERHIH

WIE L7 & EOERR, BEERENS, —KMA N —H,
bT oA, TR DA B REFRE Lz, T ORER
% Fig. 1312”7, 72k, WET — & OFFHIZIZ1X 0.1 ns T,
BIEE SN 20 JAH (50 ws) T D, WG LIm&EHMOEL,
EIEHRIRHE O R 2 M E R W TR o %, WEBMChRREST 2
ZELICEYWANES, FIUA—EMES, FT AT A
B, M ENEENENFE L, AR O@E Y §XTo
HWEEFTZRECHEST 2 2N TE VWD, Bkoqt
BUCHZENE LD RN DD, 22Tk, AJIEHE b
T A—RWE S DOEE —RMA = F K, FT R
—WRMENE T UAZRME N OEE ST AR, £
LT KT A ZNES) & W )8 O D725y 2 kA
BIREKIAL L L, Zhb 3 FEOBATRIRAE DT
Wwae L7,

Fig. 13 TR S5 &3 0 JIE A & o BER SR ICHR BRI
Aond, BRESITIFEHEThoT, WTLh k(M
TR OB A N EIBEOK 50 %E EH TR, &Y D15
~20 % kT ADHEL, 30~35 %N —EKMA L R—F D
R THoT-, Fig. 81T END L HIZ, S5,S6,D1, D2 D
SRR, AT CHEE O R F—E2 R LT
WDIZH DL T —UBEENRKE Y, J o TR
TR OBRNEHRRO R A HD D DIERYTHY, R
FR[EE ORI ZRMAEEFR R O TH L & HH T
EEZLND,

5. F&®

AfaTlE, PN ARG H L N ET T L
BeIET 2 v 8 &Gk L7z B &2 80 L7z iiIB 7 = 7 1R
— } DC/IDC ==& ZikfEL, J% 400 kHz, H A
) LKW 21T D EEIRREL T o7z, WL b X T T
RO SIESIS80W, BET = v MUl H IS 150 W D &
TR 782 wEER Lz, SBITHICHNELNE B
FCOEERREZ R T2 & &b, FERBRSNTE1T O
FifF T D,

Secondary side loss
Transformer loss

[ Primaly side loss

100

o)
o
1

61

[o2]
o
1

N
o
1

N
o

Rate of power loss (%)

1 2 3 4 5 6 7 8 9 10 11 12
Measurement point

13 K ME RIS 2 R HER R
Fig. 12. Loss analysis result of each operating point.

X ik

@

@

®

*

®)

®)

Q]

®)

©)

(10)

T. Teratani, “Impact of DC48V on Automotive Power Supply
System,” IEEJ Transactions on Industry Applications, vol. 135,
no. 9, pp. 892-897.

R. Ota, N. Hoshi, and K. Uchida, “Improving the Efficiency by
Controlling the Switching Frequency for Secondary-side
Converter of an Inductive Power Transfer System,” IEEJ
Transactions on Industry Applications, vol. 137, no. 2, pp.
95-103.

K. Hata, T. Imura, and Y. Hori, “Simultaneous Estimation of Two
Parameters Based on Secondary-Side Information for Wireless
Power Transfer via Magnetic Resonance Coupling,” IEEJ
Transactions on Industry Applications, vol. 137, no. 2, pp.
104-111.

S. Sinha and S. S. Chandel, “Review of recent trends in
optimization techniques for solar photovoltaic-wind based hybrid
energy systems,” Renewable and Sustainable Energy Reviews,
vol. 50, 2015, pp. 755-769.

M. Hosenuzzman, N. A. Rahim, J. Selvaraj, and M.
Hasanuzzaman, “Global prospects, progress, policies, and
environmental impact of solar photovoltaic power generation,”
Renewable and Sustainable Energy Reviews, vol. 41, 2015, pp.
284-297.

K. Itoh, M. Ishigaki, N. Yanagizawa, S. Tomura, and T Umeno,
“Analysis and Design of a Multiport Converter Using a Magnetic
Coupling Inductor Technique,” IEEE Transactions on Industry
Applications, vol. 51, Issue 2, 2015, pp. 1713-1721.

Z. Ling, H. Wang, K. Yan, and J. Gan, “Optimal Isolation Control
of Three-Port Active Converters as a Combined Charger for
Electric Vehicles,” Energies, 2016, vol. 9, Issue 9, 715.

L. Piris-Botalla, G. G. Oggier, A. M. Airabella, and G. O. Garcia,
“Power losses evaluation of a bidirectional three-port DC-DC
converter for hybrid electric system,” Electrical Power and
Energy Systems, vol. 58, 2014, pp. 1-8.

Z. Rehman, I. Al-Bahadly, and S. Mukhopadhyay, “Multiinput
DC-DC converters in renewable energy applications -An
overview,” Renewable and Sustainable Energy Reviews, vol. 41,
2015, pp. 521-539.

N. Zhang, D. Sutanto, and K. M. Muttaqi, “A review of
topologies of three-port DC/DC converters for the integration of
renewable energy and energy storage system,” Renewable and
Sustainable Energy Reviews, vol. 56, 2016, pp. 388-401.

6.6



