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Influence of Weak Excitation Inductance on Full-bridge DC—-DC Converter and

Its Autonomous Soft-switching

HU Xiangyu, HONG Feng, SHAO Dongwei

(School of Electronic Information Engineering ,Nanjing University of Aeronautics and Astronautics ,

Nanjing 211106, Jiangsu , China)

Abstract: Switching power supply is now developing towards high-frequency soft-switching and high power
density, the volume of magnetic components is greatly reduced, and the excitation inductance of transformer no
longer meets the assumption of large excitation inductance in traditional analysis. Under this background, the
influence of the weak excitation inductance on the full-bridge circuit was analyzed, and proposed that the full-
bridge circuit can achieve autonomous soft-switching through the charging and discharging of the capacitor under
the condition of the weak excitation inductance. The autonomous soft-switching of the full-bridge converter can be
realized when the duty ratio is large. Through principle analysis and calculation, relationship between the charge
and discharge of the switch body capacitance and the inductance current and the time constant was obtained, and
the above principle through simulation were verified . Finally, an experimental platform with a working frequency
of 200 kHz was built to verify the above analysis and simulation results.
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Fig.1  Full-bridge circuit topology
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Fig.2 Theoretical waveforms of traditional full-bridge converter
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Fig.3  Theoretical waveforms of full-bridge converter

under weak excitation inductance
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At B M 2 SR 7, TR A S
LI

ZS() = ij\L() + //R() ( 1 )

jo.C,
Horp w, = 2f,
Ao L R IR R €O IR I HL A s RO T
oo, HIF AR,
A8 ML Y ER A R, = 17|, A8 R AR T
Eb A, D) E 205 | 380 D50 ) L REL R, PIT 36
R.=n’-R, (2)
P D5 300 A5 3 B 28 R i L P W, 1 A R 4
FHABIEV, BV, =V, , NI Z&5 a8 R,
P i P PR 3 251 1, 7T AR

LV
R (3)
Jil s P SR P L ) 8 (A
V«)L‘ Vin
Y — (4)

""ol, wl,
H L L, A7 2Bl o A U
TATF G I LI 1 T 2R Ry
I =\I+1? (5)
BBt 2(1,—1,) 1, BF %1, S, &S, W, LT S,&S,
AR L 2, S, &S, IR LS TR LR 7o H , il T b
WEHLIR i, ANRESEAE | 24 S, &S, M L 258 H i L 22
lia] A B S R S, &S, B TR A S,
W S, &S, 19 St A4 HEL FE A2 22 0, o4 S, &S, 813 X H,
JE T30 1 45 o A 200 Fi 3% v el 38 B9 1) A ]
5h R
3 6 A B T A AT, R A I Jl e e JR
BRI /INKGS T A e 8 e vl RS R 52



WAT, 5 B R A DC-DCEH B Hra it g T84

WA 20245 HS54K F 124

TR TFIRAE W A A LA FE R N A 45
AL

T 1

Tc, Tc,

—

T, £|:C :;.(t)l

B7  TAEM B2 M B 4 S50 0 1%

Fig.7 Equivalent circuit of operating stage 2 and stage 4

A 2 A FL A A i ) TR e, () DRl G L SRR
Ui R LT A, (), 7288 P 5 520 25204, OEL 19 i )
H:jil ue(t) ,/E\:EF‘ um(t)=ue(l) ,ﬁﬁﬁ@@%/ﬁjﬂ
6, () o PLi, ()5 u,(¢) 722 HEH Y LAY KVL 5
KCLJ7 7% :

di.
L,—+2u/(t)=V, (6)
dz
G L ()= ¢ d (7)
-+ - -
nge T &
o G. = 1/R.

o CH TIPSR R LR
AP (6) (T BRSL A :

2.

d lm dim .
L.C + ZG%LmE +2i,=0 (8)

de?

A (8) FFE A
L,Cs+2G, L ,s+2=0 (9)
] FL 5% 1) [T A 0% A
G,

S, =~ %

C

ML, > 2CIGE I s, s, AP ASH A B SEAR | Ui
HL B BB 1Y 5 24 L, = 2CIG2 1), s, , 5, A WA
ISR, LR LA I AR E s S L, < 2C/G LI,
5108, MALHER BN, LA LS A R B
FEA SO A B i FL B i FLAS S R OGS TR
25, 0 pF G, AR SR R 5T, A i i Ab
SEBRJEARAS  FE KRG LT, FEL K 1Y) Rl e 3 i
TR AR IR I FE BT R
FERLBL)E TARRES T B fE A 5 R
584, LB IR R 7 R T R
i, (t)=K, e" + K,e* (11)
H IR 2 B A FL 2 LT w, (0) 5 il i P JB L
i, (0)ATHfE K, 5 K, H (A -
1

Sy T8

K, = [Vin_zuc(o)_im(o)sl] (12)

1

AR 3R A TR, 25 HE T A LR u, (2)
5w r R i, (6) AR IR (E v, (0) 5 4,(0), Tl
AT AR Y L2 H R A R A A I, B AR A R E
250, ST EE B SR R DR LA
J %) 70 R B T DT 150 T 5 A8 2 e T 3
(AR YRl . FEAR SCTH R ) FL B, (0) =V,
i,(0)=1,, iHE=(4) T3 1 A E

T A A5 AR I T AT HE AR R A I R 3 R
i, () kN

i.(t)=1i,(t)+ G, L,

K, =

[V. = 2u,(0)-1i,(0)s,] (13)

(14)

di, (1)
di

A (1)=0, A]F5 H AR R 25 JEL 0 L O T B o &
(R IE] 2,0 o, J5 78 R 48 DR 00 LR 22 45 R, AN TR
B 1) B o T R4S, PR A o, 2 05 T O A5 A i
() FLFEAN TN O, HB ik A2 2 i A LRI 172,

BB 3(t—t,) : £, /520, TP A S, &S, & R T
I, I 2 Dl PRI Jl i L 3 T A AR FE
P TAEBRTN , S,&S, Wi L R W&, S &S, R L2
HLHE AV, A AR R #8 JT 46 TR, JRLA ) I i
L e, Dl R LI 19 7 1] UL I S, Dl i R JBR
Vi F FL R AEL =V, 0

Wy Bt 4 (t,—t,) : W1 5d Tz, ¢, 150 %), MOS 45
S, &S, KW, LI S, &S, i A 38 , il o HiL J2% L 3
ANREZEAE , TG BN S, &S, HU TR HL 25 FE L,
S, &S, IR HL 25 T00HL L 24 S, &S, W 3 HE, R 0 HL 2
[i] AN A Y 530 R B A S, &S, TP i ) FEL R
e 1 ol TR A A2 2= 0, O S, &S, $R L L R
TF3d (R 45 o

W B 3&4 153 7 J5i: S B Be 1&2 4[]

FRAE b AR A A7 T A A AR TR 30 H
St 109 () 300 R A4S R SEBLERTT G, Z B B i [

t. AT TS
K, +6G,L.Ks,
n
—(K, + G L K
' = ( 2 oem 252) (15)

IR S AR S o 28 B D TR
12T - 1.
=
Horp T =1/f.
b TN
et ST AR, A AR 8 g 4 U 1 ) AR
JE g D 32 L B4 852 3t B T) -5 Dl s HL SRR R /N LT S
43

(16)



BAEF 2024F F54% FH 124

WAT,F  BRAe T A DC-DC E#H B Hra A A TH I £

AL DA S TR B T 206 0% T I v i 5
S TR 3 L, PR IR 58 Dl s PR SRR 1 T Y
AR AR BEAERR o 25 U SEBAROT 5K

3 AR ERINE

31 HEHE

h T BRAE IR ERIE AT, XoF I 555 il e e JeR
SEHR [ FEHRIF AW DC-DC A8 4 #8347 1 15
H 55080, 7F Saber {7 B4 A 8 57 {5 ELAR AL
f5 FLHL % T DC HLE IR H 2 60 V, 1% B MOS S
Uity FL 2§ €,,=250 pF, Jili i L B AF ok 50 puH, FF 545
% £=200 kHz.,

D5 45 R K 8 iR . 5 B45 R E v
B R IE SRS S, T 5 IR IR LI Lps, T2
N IFRAE B IR BT Ve s A SR VAR LTS Vo
o B 8a AR FF UL, o] LLFE Hh, 76 AT
i 22 H, T R A AR 2R ) FE

20.0

0.0 Lo

100 200 300 400 500 600 700

10.0
5, 60.0 l / Viias

2

é 40.0 Viios 5.0
I 20.0 i I 0.0 =
2

-20.0 -5.0

100 200 300 400 500 600 700
t/ns

QLS PSINA

VSIGS/V

< R N
z 0.0

I
15ips

100 200

T 10.0

VSIGS
2 40.0 Viivs ‘ ! 5.0
i 0.0 =

=20-0056 200 300 4/00 500 600 700 >
t/ns

(bl PRI AR

VS‘GQ/V

0.0 )

7
Isips

500 1 000 1500 2000

10.0

Vsias

5.0
l LI [ 7 0.0 E
-5.0

2 40.0 Wi ]

VS\GQ/V

N

o
=)
Al

500 1 000 1500 2000
t/ns

(o) i i i fELIR 5
K8 irIe

Fig.8 Simulation waveforms
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