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Research of Isolated Bi-directional DC-DC Conversion Technology based
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Abstract: Magnetic integration technology is an important approach to achieve high power density because it reduces the
number, volume and weight of magnetic components in power converts. A planar transformer structure and parameter design method
are proposed based on matrix magnetic integration schemes for CLLLC resonant converters, such as large volume, small leakage
inductance adjustment rage, etc. The structure adopts a combined winding placement method, integrating the primary and secondary
resonant inductor, excitation inductor, and transformer into one magnetic component. The primary and secondary resonant inductance,
excitation inductance, and transformer turn ratio adjustment and control are achieved by controlling the cross-sectional area of the
magnetic core column, the combination of winding turns, and the air gap. The experimental results show that compared with discrete
magnetic components, the proposed matrix magnetic integrated structure has the same function and effectively reduces the volume and
weight of magnetic components, which can provide a reference for the lightweight and miniaturized design of servo power supplies.
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Fig.2 Diagram of the magnetic core external integration method
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integration of magnetic core combination
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inductance coupling integration method

I8 A R T TR IR . oo, R Ay
FE L BOREBEL. N N AR T S0 A B 38
SR A P77 2o AR e 5 T 8 1 0 R
e R AR S R R R TR, Mk AR AL
FRRE b B A BRI TR, SRR I B Ty 2 2
FE, {EL TS e TR e, BRI IR R AT
59, RBE RCRE, SRR LRI IT A B A U R
AN, SERE R RO

Np4 lp2 e
Ny (3
I Rgé

8 EERBEFRBMEEERSNHERE

Fig.8 Diagram of reluctance model of the transformer's self-

leakage inductance coupling integration method
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Fig.9 Series structure of the matrix transformer

B 10 2788 e 45 0 B R £ £ i 45 1) — 4 485 1) A
WEBHARE RS, Hodr, R AN R CARECS I FE R AR 1 (¥
BH o 1P 77 v i 6 i 3 R 2H 4y RN RN T S 3
RGBS 5y BN I N, TS 2 B OGN A
NG T —A EERES 1 — ANk b, N RN ST
—ANEE WL A — AN b, R ED S R g Eh
Nygion Ny~ Noi BN i 72 A2 B8 75 PR AN AT Y RS
By BESHARE AR R S IR B S . 8 O Ix Y
AR GedH I T A B DUAN I 43 W38 7 1) DA R G2
AR AR AN, TR F IR & R 5L M
YT KN

JRllBIE

= s

a) ATEAEER R S A4
El10 FEREMEHFESERS N = HEMAERE
Fig.10 3D and reluctance model diagram of the matrix magnetic

coupling integration method



80 T 5 R 2 BB ROBSED

2025 4F

e NpSip3 Np()i]ﬂ e
e NsSis3 Nssiss 9
I Rg7 RgS Rg7 I

b ) AE 25 MERER S HE R BE AR AR
ZE 10

SR R R S B BT 3CR A RS B TR
5 IR HL RN AR [T 45 S AR i . R, DA
SRR A NS B a1 I I i O R 7 w028
LG AT LR = WA B i ek, A A TG4l
FERIDEAL . ZR b, BT AR He 8% X 1) RE AR A oK
Iy SEREVE TR T RIARRR. BRI GEAH KR,
1113 2K P R B A 5 B BSR4 BT U 1) T AR T 2%
B 5 3 S 4 I 52 5 R mh A O R s T S B e K
MO, BEARBETE T AR AN R B RN, X T
B e £ Al P AR 4 % ) Th R FERBUR W R . PIEA
SRS TR B A B B 5 ) PR S T AR T A R T
Pt

2 ETHEMHERNTEEERTSMMN

P4 7 2R K CLLLC A% 46 4% Hh Ji ) i1 145 41
HLJEOP A2 s A ) SR R T A, O 1 (B i
RIRERE BT, PDREAR TR 38 T 25 55 235 i B A A A0 Ry
M A RLEEA . AR S BN 11 R e L, A
L 3R R0 IR &, MR K

V'S

E11 MBEERRE
Fig.11 Coupled inductor model

MR YR RERHAR Y, AT SR A 1. WA 2 AT A 3 1
Tdom o TR AR R B L AV ELR v, FERAS O
FR L, A1 AR L, RIS R
| _ IBS9R, + 1859R, = 143N,i R,y = 169N R,y + 26N, NuR,,

m 1R, (R, + 2Ry5)

(11N, - 13N4)(2N,5 - 13)
- 11(R,, + 2R)

Ly

Q)

Forb, WG L AR IR L, 7E 2 SE A 1
TR A, R EERAS R I R, (R LUAE G T N AN,
= (2 fis:

R
—£ = ) 8148999015425008205N —

g7
2.2279922243821160789N, — 1 + (2
0.35460235404695276953N; -
0.43306152331423089546N s N

SEIN, AT DURRAE R, R R, 056 i 2PN B T 44
RS FE BB ik 7, T 0 LA/ 31 46 B R 1K/
5N RN 5, LA PR 0 A T

75 TR AR b, PR RIS £ K £
PEALUEEF, AT 42 5 P T 9 B9 204 DC-DC
e S R O M B
21 ETAEMHERNFEEE B TSMKL

ST SR RS T % R RS IR R L 4
MEBHLL AR DA & RS B2 L W70 R
ST /N i 28 4 oL T v, 3 B S 20 T 4
NI FR, AT SR B BB N N AL
By o IVE BT NGOl R
S RE R A5 KA A R, b 7 i A B
Kt g, BN N LA

y 2 750 2 Nys

E12 OEHERKERN N ZHSH
Fig.12 Distribution diagram of the maximum magnetic flux in

the side leg with the variation of N;and N4

[FIINE Vw187 328 BT 2 S A 320 Al BEL AT A L
MR/ B 13 25t 1 rP R 1 BEL AN G A T BEL LU AR B v
N A AT o BRI/ R KN, O 7R
M TRESEEL, 75 B T e B mP A o PEL M A 4 FEL P L
B, EHRAZMELRKR, REEGHE A,



553 3 B EESE TR PR A R B S XL DC-DC AR e BRI 5L 81
62 mm
25 5 mm
20¢
15t 8.525 mm [, | 8:525 mm| | 6mm
< 10
> 16.95 mm 5mm
St N
a) IEWLE
0r L
-5 = )
1W2
NSS 2 00 2 NpS
) N o ) e 1 2 3 20.7 mm
E13 iR E L E &R KERE N, N, BT
Fig.13 Distribution diagram of the maximum ratio of the central
leg's reluctance to the side leg's reluctance with the
variation of N; and N b)

LA HIE ERPIA YRR, R R RS
FA /N HA AR S A R P B AR 20 1, s
PN =8, N~=4, R /R,~=1.27. FJiT5 H G
T 7 B AR AR 4, N 163.3 mm?, AT A 4,
N 326.6 mm?,

22 ETIEMHERNTEEERFEMRK

N PR R AR SRR, SRR, thabikE
J=50 A/mm’, PCB Ze2H 4 JE K, B il Ge 2H 58 1 B
AN, RIS RS R, 2757508, PCB S k£ H
FI 0 20z 6 JE, WX R ¥ PCB %8 41 %5 B 1%
2.5 mm.

N T D AR AR e RE, b T E e
M5 R . = B YA G5 A R 4 ST A 2 F R I Sl Bk K
o 3PP EE M SR IR A A IR e A4S Rk 1
Fios. = BIRSEHAAA8 i S i SR 0 FEAH ZE A K,
A2 S 7 BN R 2, RIS i e 2% %
=R 4R, /NG ARE

R GHARFEMZREBAMESR

Tab.1 Simulation results of winding losses and AC resistance

B4 SR

Fig.14 Integrated magnetic core dimensions

3 FEREREER AR ITIEIE
3.1 EEFSHILL

ARSI IR BT (R R A A SR RS A A T
WEANSHAT TR IE, I 570 S R AT 45
RIS W2 PR,
®2 DUNHAFMEREERNENSENELE R
Tab.2 Measurement results comparison of various parameters

between discrete magnetic components and magnetic

integrated transformer

B wH
ZH o3 3L TR PR 4
L, 85.77 86.95
L, 61.4 6035
L 83 84
L,(L) 2.77 2.92
L,(L) 1.98 2.02
M 70.23 70

R2, L ML, 9 7y SE A REE ) JRAL IR
MBI ER AR, L, AL, 73 ) Jtig AR AR I 25 1) iR

TR A B 3 K

LR L4 A T 98 S5 1 1

HeAi 77 X GREUFE/W S L RH/Q
W S 45 4 236.62 0.167
BN 163.33 0.115
AR LK 158.31 0.111

BT B ASMGe A Tt RA BT RIRGS

JSFunE 14 fros.

AR 2 ) v 1 2 (B R (o, RS S 4 D 0 4 Ao
1, L, A% T 28 Bl 40 5o 11 2), Moo 1 1 Al
2 W EE, L, 78 a8 i i . s 2 m] 1,
Tl B A5 T 28 PR 4% N S BORN oy Sr G R A — 3, 36
UE TAZEE R it S5 IR

BI15 N3 A e A, 1B 16 A BT vk I 4
R 2



82 T 5 R 2 BB ROBSED

2025 4F

35 mm

PRI e FRLAR

75 mm
E15 34oriaitt
Fig.15 Physical drawing of the three discrete magnetic

components

I 70.2 mm
E16 mERTESS

Fig.16 Physical drawing of the magnetic integrated transformer

Horp 34> 79 57 A #E T AF B9 AR BN 75 mmx
35 mmx35 mm, JRE N 177 g; RLEE AR K 4% B AR AR
~70.2 mmx28.9 mmx16 mm, JiE N 100 g. LT3
Ao SLAHEAT, WG O R A AR FR R 2> 64.7%, T
TR 43.5% IR T AR B R AE D3N AR e 2R AR R
5T &7 T AT R
32 ETI EMHERREEEXEDC-DC Tk

HLMR I8 E

A BTV T 1R 1 A AR He 8 S T B 8 XL ) DC-
DC A 3eHE 0L, FF 5 79 37 M 1) B 25 284 XL m] DC-
DC B 2L TAER AT XS LLIRE . B 1745 H T
T o A 1 A S T B 5 2R 0L R) DC-DC A8 48k 85 A AL 5K
K.
WA AT
. 000m

999"

—— ———

‘o= l

B T 4
E17 BT EMHE AR RN E DC-DC TR
Fig.17 Prototype of the isolated bi-directional DC-DC converter

based on matrix magnetic integration

182 ki1 &, BIHE T H Pk
JI I B 25 XU DC-DC 22 e de FEHL . ELHLIR . WA

BRI BT EL R Hh BRI TR
L, A B TR AR L, T A
BT TR A k.

IIHE‘j 7
A

B wiFa
Fig.18 Experimental platform

Pl 19 111 20 43 71 A B 125 B2 X 5] DC-DC A2 4 25 %
HLHF S 2% CLLLC 1 41 722 4 25 5K FH A B R 5 B 7 5 AN
ISR T B ORE R E TARBIE . B 21a 3k
T4 o i B ) o 5 R X ] DC-DC A% 46 88 K L 5 %2
fikph TAER S T o i i 2 BIUAE . B R
TR, Vo Vo N BT RE S, s, HIIREN K
s Vs Vi NI RETRIEN A . IG5 R R,
TERAA AR, A5 4 38 FERLA H R 1, BB K GE [l Jik
PRERN 40 A, IE K FEL IR ZE RIS 7] 2 20 ms,  [R]B
AR ¥R B WS K R E RN 25 A, OBE Rk [) B8
FE230 ms, E A UEAEFMEF BRI BE . Bl 21b
N IE A T 3 2R A R 7] ) B 25 24 XX ) DC-DC
AR ERFENL ARSI &5 J 3R I B R B R AL
Aoy SE AR RENL TAE PO B IR I o) — 8k, 58
UE 7 AR SC RT3 HH (G5 R AR T 3 180 1182 FH 174 I Aff 1 AN
KRS

wwﬁ;

(200 V/*%)

—.

ds_S4)
_J;ﬂ

[™ : " 2 ’

im(50 A/i‘f@)
¥

(1 ps/kg)
a) I TAEM A g oY
E19 FEPEHASR AT X TIER M
Fig.19 Waveform of the switching devices in the matrix

magnetic integration prototype



553 30

Y A FRTHEEREAE R R B B XUR DC-DC AR e B AR 5T 83

- Ss(lOV/iiﬁ);
. /
V. b6(200 V/’f%) I
- f - -
— { —
= L ,LZ(SOA/%E
-1‘\ | ...lr | t\ | /,r" | \a

(1 ps/t%)
b) IE W TAEN B w1 e

™ T T

P 8 10 7259

| A I % # 200 V/Hs)

(1 ps/t&)
¢ ) Ii fi1] T{’EHTEUL%%#F(BZ%

T T T

vl 54(10 wﬁ) |

WK
T HF T |

Lrl(o

N 1‘ \. ,f
] ! /1 i 4

(1 ;;s/’f%)
d) i) TAER A A E
L& 19

4(10 V/t%)

..—-—-'.'ilgb

'i
r—t : ids_sdul)l) VM‘.%)

l

(1 us/’fﬁ)

a) 1E M TAERHEGD# 1 E

t V(10 V/iiﬁ) -
| P i A
0 P2 2
R B —
= | (50 AJHE) :
PN N N
M 7T N
=% 1T A | ?x, | f‘f N

(1 ps/H%)
b) I TAER Rl AR

E20 oI EAHEIFRE TR

Fig.20 Waveform of the switching devices in the discrete

magnetic components prototype

= = T

V1 (1o'wm

V5,200 V/fr%)

p——-;—-—-ul [ f_-J-— '—;——
..... - | - IIW(:},OA/Q!' : R

7 | .‘_/ ; F, I \
| -

(1 ps/#%)
¢) Jin) IAERT Rl g4 e

E VL0V

| ¥ A ir - ¥
I S 072 e U/ B .

i e . Lrl _A/-%)- i : o IR L
| T -"""\\‘: T .1!*“{/.-\\*. —F 7

(1 us/t%)
d) Bm CAER R #R T
& 20

HaP 5 Icap(zo A/1<§)

#70 r;ls/*%)
a) FEFEREAE BURERLUETE
V(100 V/i&)

&/“’

~R0AdE ) 4
¥

— | p—

= 280ms

#70 ms/#&)
b) o3 A EFREDLTE
21 JEMERESR RIS R B 5 ST RIS R
Fig.21 Experimental waveforms of the matrix magnetic
integrated prototype and the original discrete magnetic

components prototype
4 LERE
N T PRI R K DR, ASOT R T #E
Pk T 45 K o A e 45 Ty % BE I R i e A BT



84 T 5 R 2 BB ROBSED

2025 4F

FC, RPLE T CLLLC 18 4I% 32 #i a5 fiff 1 B B AN e iod 4% ]
A2 s s U JE R S I LUK A s A B T 1 S 5 R AR
GRS E, 18 AR AEREVE TSR RR AN S R A AL
REEI R IR B R R ASERUN FERA
TSR AR, ST, KA
SR GICE MR SRR, KR B ER B
S L LA T 2 4 RGN TT I R RRAE — G
Ho 50 LA F AT X L 5 IR 50AE, 45 AR W
B L R PO 1 B P Y AE R Bt FEL ISR 7] D) BE PR R
UZERS O RN AGRUS AV =R LR RN Y A IR 4 0
ittt 1 5%.

2 % x W
1 FEWEGE, AT, T, S HLRAR R GRS R IR R
R FHSHRIZEBAR, 2017(2): 57-60+79.
YAN Liyuan, ZHENG Zaiping, LU Erbao, et al. Research on

—

[

combined-type energy technology of mechatronical servo system[J].
Missiles and Space Vehicles, 2017(2): 57-60+79.

(21 BN, e . By A BoR S L A e 3 0. 8 T AL RESHT
AR, 2000(2): 32-36.
CHEN Wei, HE Jiannong. Power electronics high-frequency magne-
tics technology and their development[J]. Advanced Technology of
Electrical Engineering and Energy, 2000(2): 32-36.

[3]1 e, i, xIme i, & B AR AR BB DC-DC A2 #ie s [1].
FLHL T RE2AAR, 2020, 40(24): 8131-8144.
GAO Shengwei, WANG Hao, LIU Xiaoming, et al. A novel double
frequency DC-DC converter with magnetic integration[J]. Procee-
dings of the CSEE, 2020, 40(24): 8131-8144.

[4]  THEZE, MRBE, RS, A SR R SRR LA, ML
R, 2021, 45(7): 2856-2870.
YE Zhijun, LIN Xiaoming, TAN Kaijia, et al. Review of high
frequency transformer technology[J]. Power System Technology,
2021, 45(7): 2856-2870.

[51 ¥r, el . AR BORTE ST 5 RIS b 1 SR AIRIT S D). HL 7o s
5105 BEOR, 2021, 5(11): 29-30.
XU Tao, HUA Lei. Application and research of magnetic integrated
technology in switched power supply[J]. Electronic Component and

Information Technology, 2021, 5(11): 29-30.

[6] #EH, BUHERK, FMBRAR, 45 . SCHETFIRO A CLLC B RAL e dis i

U+U B il 48 B 4% 10 B 1E (3], 1 T8 R 223k, 2021, 36(2):
282-291.
YANG Yugang, WU Yanqiu, SUN Xiaoyu, et al. Design of U+U type
magnetic integrated transformer in interlaced bidirectional CLLC
resonant converter[J]. Transactions of China Electrotechnical
Society, 2021, 36(2): 282-291.

[71 ANSARI S A, DAVIDSON J N, FOSTER M P. Fully-integrated
transformer with asymmetric primary and secondary leakage induc-
tances for a bidirectional resonant converter[J]. IEEE Transactions
on Industry Applications, 2023, 59(3): 3674-3685.

[8] AHMED M H, NABIH A, LEE F C, et al. High-efficiency, high-
density isolated/regulated 48V bus converter with a novel planar
magnetic  structure[C]. Anaheim: 2019 IEEE Applied Power
Electronics Conference and Exposition, 2019.

[91 ZERA, RATE, E3CH, 5 . CLLC WA i PR AT e 8 i -0 1 2%

R A — PR AR B DAL BT (0], FLL AR 4R, 2022, 42
(10): 3720-3729.
LI Junjie, WU Hongfei, HUA Wenmin, et al. Matrix inductor-
transformer integration and optimization design for CLLC bidirec-
tional resonant converter[J]. Proceedings of the CSEE, 2022, 42(10):
3720-3729.

[10] LIB, LI Q, LEE F. Design high-frequency PCB winding transformer
with integrated inductors for a bi-directional resonant converter[J].
IEEE Transactions on Power Electronics, 2019, 34(7): 6123-6135.

[11] ZEPE. T AR BT 10 v D 22 5% T2 I iR B DC/DC A8 i s F 52
[D]. PizZ: Piz2 B T K2, 2021.

LI Geng. Research on high power density resonant DC/DC converter
based on magnetic integration method[D]. Xi'an: Xi'an University of

Technology, 2021.

B &5 & N
B & (1982—), B, i, TR, S EEETCT A A A R
PEHA
WL (1967—), 5, WIJed, LERICTT RN RGBT
WERE (1999—), 55, WitWFeA, S E0T05 15 8 B )T s
WhHER .
FRIRAE (1985—), 5, M4, Zd%, ZEHIIT RV T S
BhHAR . Jogk HBEAR S B R AN R AR A2 T S5 4



