500 % 51 W H, b
2024 4E 1 H

Journal of Power Supply

F M Vol. 22 No. 1

Jan. 2024

DOI: 10.13234/j.issn.2095-2805.2024.1.22 o E 43 % 5 . TM46 HRAR A A

—#hiE AF DC/DC ZoazE A9 W (o) fz /2 I
IR

BARMCPERRELALR), WS KTL HFRE
(PR FHAZEAN S+ ZF LA, A0 230088)

WE A5 X DC/DC EHR B M IH L AGFRE, AT RS EAE T, — R AR B R
W BT LAY R 6w AL T LR B T AR R A AR E AN R Bl R AL 5N E— R
BRI T RS AR B iR R TR EF AR AR TR T AR GEA T EERFR AT E
BOABBANT BESAR MAAT RGN, AT e TR R KA R e s R T R BRI
kA BAT R AT B A R BET — 6 100 W st DC/DC E#H B EWAHI A FERIENT Z#E

B R AR B IR A A TR R T ik,

KPR R R A R AR B R RS

Research on Bidirectional Magnetic Feedback Circuit for
DC/DC Converter

GAO Donghui, Member, CPSS, HE Qifeng, CAI Kehong, XU Chengbao
(The 43rd Research Institute of CETC, Hefei 230088, China)

Abstract: Aimed at the particularity of an isolated DC/DC converter when it is applied in a space radiation
environment, the isolated magnetic feedback circuit is usually used to improve the feedback accuracy and stability. The
working principles for several commonly used amplitude modulation magnetic feedback circuits are introduced, and a
forward-flyback amplitude modulation bidirectional magnetic feedback circuit is introduced and optimized to solve the
problem of the need for an additional secondary power supply voltage. Under the premise of realizing the same function,
a two-winding transformer is used to replace the three-winding transformer, which effectively reduces the volume of the
magnetic core and simplifies the circuit structure. The working principle for the circuit and the design method for a
pulse sampling circuit and a magnetic feedback transformer are analyzed in detail. In addition, based on the magnetic
feedback circuit, a DC/DC converter prototype with 100 W output was built. Simulation and experimental results show
the effectiveness of the proposed isolated magnetic feedback circuit, providing a theoretical guidance for engineering
design.
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Fig. 1 Structure of isolated magnetic feedback circuit

for switching power supply
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Fig. 2 Three kinds of amplitude modulation magnetic

feedback circuit structure
X G 3 0 (981 T S 5 R, PR A X
S A5t v B SO P R L By T B (A SR R
%, — e AR/ D /AR PR W 82 TR
2 ik i B At FEL 6 A 92 A T 77 T R B e



24 25 b

27 Eire 5502 %

{EL 2 P4 384 0 50 A1 1) Bl B e S ] P O 15 5 v B
Bt L R R — e i T i s s, 2 DC/DC i
RO Y SRS A I NN G A S SV S [
T HLR TR IE W AR,

2 IE-REEN W E# e 15 B B
ST 2 o T e A G S e L

T A BUR DA T R I A P e )R, SR 147482 1
T — e B OB R B A5t L A 3 B

I A
>t

Bt

Vi 'TI' CR, L, | .
g f
<

7
V i

Tk i 5 S 5%

B3 IE-REN e SRR
Fig. 3 Structure of forward-flyback bidirectional

magnetic feedback circuit
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Fig. 4 Structure of simplified forward-flyback

bidirectional magnetic feedback circuit
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Fig. 5 Comparison of secondary key voltage and

current waveforms between two circuit structures
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Fig. 6 Schematic of forward-flyback bidirectional
magnetic feedback circuit
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Fig. 7 Key simulation waveforms of magnetic

feedback circuit
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Fig. 8 Working circuit in different modes

Xt 4 B Bei) TAR B R4 7 an F

B B 1to~ta] 00 B 20, WA Q, -3, W S 158
JERR I RGRA IR Viy HIE, “HE CR; Bk,
%K % CRs.CRs #( 1k ,CR,.CR, 38 ,T, T/E T
TE PR, W0 G 1) IR A% i BE A, O IR UAR 5 F
PRULHE R B Ve, BYBC 1 B9 AR ERANIE 8(a) T



26 25 b

27 Eire 5502 %

N TE G T B, G B A5 A8 Hs i 00 9l W PR UL i FR T
Vi WO FE I Z M8 I, B i 30 i 55 F iw SRR
S T B L i 2R, DA R E

By BE 2[11~to] sty W%, W45 Q, S Wr | B I 1%
AR R B T UG 2R i /DN Vi B R, AR
CR; T, W% % CRs.CRs T ,CR,.CR, &
Wi, T, TAEF R, REMES Ve MR B AL 3
BRG, T WUE T R UIEE . BB 2 B TR HL i
Kl 8(b) Ui, FELL I BE,Viw N Vi .CRs Al CR, 38
LI Qs 4 b-e B Sl B R = 35 Z 1 iy ZR PR 08/)N
BLE 1, B2 iy 08/NE O, W8 SR R 2% 58 W 25 1

By B 3[ta~ts] 1 B Z1 iy Yk ZN B O, BE 157 748 TR
TRIERLNE , 1, B ZIIS , Q, PR % Y FEL 25 1 215 il
Tl R Ly 2 A2 38R, B0 IR % CR3~CR; 2
Wk, B o B 20 IS IRES R, BB 3 09 A K
WE 8 () iz, 4 I T Ry

T,=2m\ LyCec (1)
. Coe 9 =S Qo 4R AR RN 2 S5 8] 11 45 0 7
LA

BB d[ts~ta) 215 B ZE RS IR, G 6 52 15722 1
TR E AR 0, — E4ERER) 1, PR E T
—ANEI IS .

4 IE-R B XN E # & 15 B it

W 6 Frow, IE- Bz e) i S 45t v i e
FETT G B SCBEAE TR oh R AE LB L SR AE-DR A
IS R B A A T s R i () N 25 [ 4 A B 85
T, ARV 5 28 2 8 2 () i S5 20010 X i i 5% P
HEHI
4.1 Bk R4 IR

UNTEL 6 Frs , AT LA B ik v SR Ao v B v ) = A
B Qo 2 Bl TARAE WO ML IR o MR Q) HY
AR I SRR v S RT AR A AR A Al
B, YV e FARHL I R R AR L B 1 25 A4 H
E&ANE 9 R,

0 Qy TAE TR, ko RA¥: i B T4
TR, B Q) B IRBURMEECH B, 2 =)

B AT RAR S I, JEE AR LI 4 AR VDN, T 22
At A

~Vox B 2
Vi chXRm_i_Rm (2)

APV O = Q AR L K 3 Ve 2 DC/DC
AR W A R PR HUBE Ry M Ry, 19
JR T TR 2% 0 Q, R BEREMR HL K

B9 Ve AREFRKRIERERELEE
Fig. 9 Equivalent circuit of pulse sampling circuit when

Viuse is at low level
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Fig. 10 Key simulation waveforms of pulse sampling

circuit in constant-current mode
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Fig. 11 Key simulation waveforms of pulse sampling

circuit in constant-voltage mode
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Tab. 1 Comparison of circuit characteristics in two

working modes
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Fig. 12 Simulation waveforms of magnetic feedback
transformer during switching between light and

heavy loads

HIE 12 7] 0L SR B R i IR RE S Vi
P RS /N B A5 705 S 4 4 2 T P ) 50 94T 18, 265
PEAMFLRAS , Bl 75 3 ) AV B9 KN 3B G B S 51
AR FE AR R B U AR AR R Bs  S 5f2 TR
TAE T IEMB R A I 8] T, AN B 5 W s 122
R S A, — B E T,=(15%~25%) T, F'H.,
4.3 HRGTERIEIT

2157 28 T 24 AE — 1 JR A PN 7 52 1 T D T
R0l R LS IR AN T 7 BT b DR PRI R T
LW AE AR I TARIRES 5 E A TR RS 25,
] 42 JEOE A TR 1 B T O ik R T R R A R A
WHEE T, KHAHEBE Ve e KR#E 10V,
WA AL LI i, e KON 10 mA, B R S 457 AR
s 5 04 B K 1 D0 %R P =0.1 W, 4% i D) 32 3R 5
AN IRAE T LA S AT 25 2 BB RT Rk B ik
ISR () I8 0 AT A

Jefli ] A P A e i A 8 RT B

99P,
AP= ° (12)
](Bm

o f N G SRR R RS T AR AR B, R R Fu i
P e R R 3 % | 5 B SR W (Magnetics ) A F) F M K}
) R SRR R LS | A B T B B B,=0.3 T, fii i JF 56
WK =500 kHz, AR =0 (12) 3 H 58 nT 45

AP=6.6x10" ¢m? (13)

WP RSB AP, W EAS N
YF40502TC B #5345 , G ¥R A28 2.24 mm, S5l
3.94 mm, 5 K 1.27 mm, H A P=0.0003 cm*, i# £
TR,

8 A8 e 2 W IR G — 3, W] R

_ubpr
V= AAB (14)

o Uy Ry R R A8 T 25 8 21 7K 32 (1 i HL TR 5D SRy
W R 5t 78 TR A AR RSO0 s b T o G
TR AR FE A TAE AT A A s S5 s O B AB A i
R A8 i bl i %

¥ U=10 V,D=0.2,T=2 ps,A.=1.05 mm> AB=
0.13 T AR A (14)45 3] N=29.3, e n] % B 04 S 1 A8
FEAR 00 G2 P B0 30, H 1728 FR 28 A 4 i o A oy 6
AR/ e BB AR 0.10 mm AUk Sk BT |




iR AR A5 . — Bl T DC/DC 78 e 25 189 X1 52 157 H B AT 5 29

5 ZLWHER

T UE B A B R LA R0 IE A
TE - B2 R ) G S H i 0 B — 3k 20~50 'V
i 6.3 V/16 A i i DC/DC & # 25 , tn il 6
JToR . PWM il #5 R H TI 28 719 UC3843, 114 fit
HLHLRIR BN 11V, AT HrEs 1 L bre
6 I FHEESR i R A HL B 1 S 0B AN 3% 2 B
®2 MEBEBRSHIZT

Tab. 2 Parameter design for magnetic feedback circuit
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Fig. 13 Key working waveforms of magnetic feedback

circuit under no-load and full-load conditions
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