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Abstract: For the reasons of manufacturing technology and fatigue, there will be some difference in threshold
voltage of different IGBT modules, which will cause great impact on dynamic current sharing. To solve this problem,
firstly, the mechanism of different threshold voltage affecting dynamic current sharing was analyzed. Then, the
quantitative relationship between threshold voltage and IGBT turn-on delay time was established. Finally,taking high-
power IGBT modules in parallel as test devices, the double-pulse test with compensating driving delay time was
carried out to verify the proposed method. The results show that the maximum non-uniform fluidity can be reduced
from 14.04% to 2.21% by this method.
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Fig.1  Physical and equivalent circuit diagrams of the IGBT module
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Fig.2  Double pulse test circuit for parallel current sharing
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Fig.3  Structure and connection diagram of cascade bus bar
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Fig.4 Threshold voltage measuring circuit of the IGBT under test
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Fig.5 Test experiment results of IGBT modules parallel current sharing

Bl 5, B Sa~El Se o BRI 7 e T~ A
in A R )R] ) 235 5, TR Sdl~ & S0 43 S0 e 7y %6
T~ TIT R R A 22 3R 3t E 3R B[] A 5 5 o SRy kel
IREE SRR R TPl 2 ORISR L AR
S
TRy (4)
L LAY IGBT 7E 38 ik R b A r A H
T VA AL <2 % FhL 38 114 e A A e/ IME
M 5a~El 5¢ AT LA ), 7E IGBT F38 Bt A1k
P e B R A /N TGBT L AT i 4 JF 308 4
IR Aa] PR RS T, R B A T 2
I IS M A X 520 kAR E A, itk
Xof 4 FL AR 2 A I - (A AR L, DT 70 HH B Y
A H AR L 3, FL R I6 S TA) TG BT 11 3 {1 Pl 1 22
SR AR AR R B . M BT Sd~ ] 5f AT
DL eI AR 4 3 (3) 3153 14 9K 3 4iE 3R i (]
Jei o T TGBT B (1 F 3 i 1] 22 5245 31 T 84y
FIAE IE , 76 45 F A L 30 b T el R v, A [ 3k )
TGP B ACR AR A ARG 1 L R AE AT A
—EER X FE W T IGBT AL Py A % ]
PEABAT — R HLBH, [H I 43 H AR M F L
U, 315 38 A R A ] 22 B, AR S0 H 5 R T IR
Bl b AR [l i R BHL A P S ) L BEL R T DA
H 8, RO Y FE R I E] 22 SRS/, HL AR

W BRI A — AN AT LA Y, 38 i fb
22 3K 2y JE 3R B 8] 7 7 325 0] DAKE AN B9 H e K
) 14.04% [EARE] 2.21% , 35 3] T 5 I AR B 51 15

4 ZEw

AR SCLAR R IGBT B BN #F 58 % 42,
FE 41 BT BB HL R 25 57 52 10 Sl 25 AN 35 300 1) AL 2
fili b, 5 T IGBT WS 8, &7 T A L R 25 7
550K gy 43R ] 2 8] ) o s G R L i T —
Fofr 38 1 i A 0K S 0E 3 s [ 2 7 O B S A 24 Y
Titke SEEEE R %5 R T LR AR i
i Y 14.04% AR B 2.21% , ELA 547 1Y 24 7 3k
S ARSCRTHR B0 SR AT DL Ok IR A
il B (i i P S, Rl S — P R B 2
BEHIFIA T 0L

S 30k

(1] & PR BRI, A YA a2 B B IGBT FH1k
YIS B S B AR, 2020, 54(4) :33-35.
Wang Lei, Luo Yifei, Ma Tianzhao, et al. Effect of stray induc-
tance in power circuit on parallel current sharing of high-power
IGBT modules[J]. Power Electronics,2020,54(4) :33-35.

[2] FAr, A0, MRS . KA IGBT JRIR I G A I B AR5

31



LA

Atksh 2022 524K Foi

":514‘1‘1’1,

e

FoR T B AR MR AACE 09 K 2 & IGBT JF BR3 if45 4

(3]

[4]

(5]

(6]

[31. B35 501,2017,47(6) : 71-76.

Wang Wei, Li Weichao, Lin Chengmei. Research on detection
method for current balancing of parallel connected high power
IGBT modules[]J]. Electric Drive,2017,47(6):71-76.

Du X, Zhuo F, Sun H, et al. An integrated voltage and current
balancing strategy of series-parallel connected IGBTs[C]//2018
International Power Electronics Conference (IPEC-Niigata

2018-ECCE Asia),2018:2780-2784.

SRR R, AT S N TR e e B T
1 IGBT J 3k 35 i H2 R 22 3R [J]. o 70K, 2020(5) : 101-
103,90.

Zhang Xiaoxu, Tan Dali, Wang Qingyu, et al. Review on tech-
nology of parallel IGBT current balance applied in condition of
large capacity and high energy density[J]. Electronic Test, 2020
(5):101-103,90.

I T A 2509 IGBT H IR B R 5T D). K45 -
AR, 2017.

Dai Shuang. Study on series and parallel circuits of IGBTs for
solid-state pulse modulators[D]. Changchun: Jilin University,
2017.

EER GG AL, AR N TR AR S Y IGBT
IFEBARN] B TR R ,2012,27(10) : 155-162.

Wang Xuesong, Zhao Zhengming, Yuan Liqiang, et al. Parallel
technique for IGBT modules applied in high-power converter

[J]. Transactions of China Electrotechnical Society, 2012, 27

[8]

[10

[}

[11] ABB IGBT Module Datasheet.

(10):155-162.

Sl SRR BRI . 2 IGBT JR IR e (128 FL i REHEIR
BFFEL]. RIPFRAS A, 2017(2) :27-32.

Wu Jianxiong, Zhang Honghao, Chen Yifeng. Study of DC bus-
bar and AC bus-bar design for multi paralleled-IGBT module
[J]. High Power Converter Technology,2017(2) :27-32.

Bortis D, Steiner P, Biela J, et al. Double-stage gate drive cir-
cuit for parallel connected IGBT modules[J]. IEEE Transactions
on Dielectrics & Electrical Insulation, 2009, 16 (4) : 1020-
1027.

Lobsiger Y, Bortis D, Kolar ] W. Decentralized active gate con-
trol for current balancing of parallel connected IGBT modules
[J]. IEEE Transactions on Industry Applications,2011,41(8):
1-10.

BT BT 02 1 A . TG BB i 50 745 v, 0 35 45
HIAEEBESELI]. LT TR, 2018,52(1) :61-63.

Hu Hongsheng, Tan Guojun, Yang Jiabin. The control strategy
research on dynamic current balance for the paralleled IGBT
power modules [J]. Power Electronics,2018,52(1):61-63.
SSNA1500E330305[EB/OL].
http : //www.abb.com/semiconductors ,2021-02~-16.

Wk H #:2020-01-10
B8R H 91 2020-02-24

33333333IIIIIIIIIIFIIFIIIIIIIIFIIIIFIIBIIIIFIIFIIIIFIIFIIFIIFIIFIIIIFIIFIIFIIFIIIIIIIIIIIIIIIISIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIBD

(L%

[5]

[6]

(7]

137)

tem with LMI predictive control and experimental circuit valida-
tion[J]. Chaos, Solitons & Fractals,2017,97:51-58.

Zhao H, Luo P, Wang N, et al. An improved siding mode con-
troller in PMSM control system for smoother speed response
and stronger robustness[C]//2018 Chinese Control and Decision
Conference(CCDC),2018.

PR, R . BT BULIN &5 1 PMSM TG A R i Ok
I HAHURS A S T4, 2017(7) : 126-129.
Jiang Jianguo, Han Kang. Position sensorless vector control of

PMSM based on sliding mode observer[J]. Modular Machine

Tool & Automatic Manufacturing Technique, 2017 (7) : 126—
129.
FE, W HE R, HfE . PMSM I R e 0 1 2% 20 W R4 il

32

[J]. M4z E A, 2018,37(4) 1 152-155.

Mao Yazhen, Zeng Zhezhao, Xu Heng. Self-learning sliding
mode control of PMSM speed control system[J]. Measurement &
Control Technology,2018, 37(4):152-155.
REUE R RN, A BT SO IR
PRI R TAE,2016,23(S1) 1 1-5.
She Zhiting, Dong Wanghua, Qin Yasheng, et al. Permanent

sS4 () PMSM

magnet synchronous motor speed control based on backstepping

sliding mode variable structure[J]. Control Engineering of China,

2016,23(S1):1-5.

Wk B 48 :2020-09-01
ek H 1 :2020-10-21





