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Abstract

With the development of high-voltage transmission and electric locomotive, the high voltage and
high power IGBT device, as the most important power electronic device in those application fields,
have been widely concerned by domestic and foreign research institutions on their reliability. To
provide more reliability information to reliability designers and end users, this paper reviews the
development and research status of high voltage and high power IGBT devices reliability. Accord-
ing to the different research purposes of high voltage and high power IGBT devices, the reliability
research is divided into three aspects: fault diagnosis, life prediction and condition monitoring.
Then the research methods of fault diagnosis and condition monitoring are analyzed and the life
prediction model is classified and summarized and its advantages and disadvantages are com-
pared and analyzed. Finally, based on the current reliability research methods and contents of the
high voltage and high power IGBT device, the challenge and developing trend of reliability re-
search in the future are put forward.

Keywords

High Voltage and High Power IGBT Device, Reliability, Fault Diagnosis, Lifetime Prediction,
Condition Monitoring, Developing Trend

S EARINRIGBT R {4 SE T LRA

£ R, F=F, EAkE

HEALH ) KFEH IR ) R A E K E e %, b
Email: 1624352537@qq.com, dengerpinghit@163.com, huang y z@ncepu.edu.cn

Wk H . 20194F9H29H; S HEM: 20194F10H9H; &A1 HiH: 20194F10H 16H

XEFIH: B, B P, BKE. EEKTIER IGBT 23 E Al SR 4R ). B AL HLM, 2019, 9(5): 218-226.
DOI: 10.12677/58.2019.95024


http://www.hanspub.org/journal/sg
https://doi.org/10.12677/sg.2019.95024
https://doi.org/10.12677/sg.2019.95024
http://www.hanspub.org

e 55

HE

REE T B A AL SR AT R R, IR RTIRIGBTS AR P EE K R T8, 3
FENBAR] T E A SR Z R RRRE R R U S v DR & P Rt E
RERTIRIGBTRA M AT RMAFE R, XHER T RERIRIGBTHATTEREK LR EHAIR. RERE
RIVFIGBTHR AT SEMBT I E KIKIRFE, KT RMERT L sl i A RS B =AJ5H. XX
X S WAR S I M BT AT 04T T 0047, X TR ar AR RLEAT T R B 45 U BRI LL AT
BJa, 2T HATREKIIRIGBTAF AT Stk BT AR N A, - T AT ST SRR EIBb SR AR RS -

XK ia
RERTIRIGBTHEM:, M, B2, Fam, REEN, RE&H

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

HL T TR BN I R AR B AR, L 8 R VR M RN = R e A, R E R R . F I
T RGN PR EE R, ERETHRISET ZNH. BB T REE TIESEPZEAS
IR AT SEPE I 8, PSR A R I S ECEAN T R AR 1] [2]. HEls K BRI H. B4
LGN R OR % IGBT #8817 K, JUHRrrEEtk, ZR 73 amis 2] 30 &£ & LA L.
PRAE GIB 451A-2005 X AT FEME T8 SO - “H8 7 R TERE IR 2 A RO PRI R] P, 58 ORI 8 ThRe I RE g . 7
FTCATT DAE U ZR Y SRR R AT St “PRTE— BT, SRFRTRERAT — B TheemMIRE 1. 7

R K IN 2R IGBT A8 fF 55 D32 SR SRR I T S0 T A [F 1) B 3% 5t fig 47 Lok, Hhdn HVDC 1
PR IR TR WERRE. RSB, REEM TSP R A Ay
TRYE,  ANSCE BN R B A FE AL AR S AN F I v K ThE IGBT ARk AT P SE MR 7L,
AT SEPER 7E S EE AR AR R 12 T 5y TN AR S MR = AN 5T, W2 W R 78 R K2 IGBT
FAFIR Z 5 0 B HEAT I AT EEVE VR4S, CIRES BRI AE = R K ThZ IGBT #F TAE I 2 Aokt Hgh AT 1 m]
SEPENEIN, 5 A TR X 7R R OK TR IGBT A (45 FH 90 Bl 3R 47 P A 5 1k 1P A o

X F i R Th % IGBT S AFI nT Ve 27 1, B /M AN IR T, ABB BUNVEAN A28
T IERAEIREE ( T2 I0 2 A R4 H DL AR b B, IR A Weibull 4047 F1 Coffin-Manson & 3 240t 7
FEAr TR AY[3] [4]; 5 KA EEW 7 St [a] . BEA Z 5K 3 K1) Bayerer 73 TR AY (5] FEK4%
KA Uce Wi 2R 47 G W M AR F S5t 6 8 S MO AT AR I PRSI (6] BUREE R 22845 T IGBT
(1) R SO LI AN A5 Bl R TG A A [ 7] Bty L D5 B I B T2 B i 45 1 25w 00U ) L AR 7 v A B R 42
T —E 0P T R A 1 A TR AR B (8] AH LG T B AN AL, [ AT FENLAL 2 I 2010 46T 5 46
WHIC R R % IGBT #RF I mTSEPE, BRI EB I LR 0 BT AR 41 e 119 57 40145 SR AR B A 7 A AR 20 o 5
T DhEAE I G i I D ARG RS K IR T 5 % @ 7 & Coffin-Manson ¢ £ [9] [10]; BB K24 F A= B
SR, CATTAR B AT R RO R R0 IGBT BT TR IR 1], FIF/DNBEER X IGBT #8424 Mt
TEIRREAT 7 M 12], R DA R 7 T S B B e 9 2 1) B Fréchet BE B9 B LA AR AL, JF

DOI: 10.12677/5g.2019.95024 219 e


https://doi.org/10.12677/sg.2019.95024
http://creativecommons.org/licenses/by/4.0/

G

PAMAE A S HOR R IGBT B AR #IRE[ 13]; 1% TR R Al i i Al ge 4R 1 o BOE 2 0 A
e — A I A di SEONAERA A 7 TR T AR IGBT B BRERAE L VP4l IGBT Al SEVE 775 [14]
[15]5 FREEK 22 LA PRINVE AN A e LA A IR v 00 B 5 2 ol v 156 D0 N B8 P L BE AT TIRAS HE I 16] o

30T R B K E 3 IGBT @A T FEE 32 ZEE FEN U AOMERE , % Tl SEERORT S BLIR A 7 — € /) 1
Ja SORES TR SE T LR = A7 AT AR R

2. IGBT 224

IGBT a3 # b 2 Wi i) 77 AR 2, (A EE XS IGBT S AF A S 52 Wi STk A2, JL PSR AT XS E ) 5K
M5 B R E TARIRA AR S B A I IGBT B34 RIREE, BT LU R YE Z 5RO, Il AYEA &

2.1. FIA IGBT &fEEEEWNEHITICH

SEbr b IGBT S kb TAE R BLH ORISR PE LB D, IF AN S & [17]. R s 2R 20m
H AT EAR S AEAT LU 5 R R A 5K

IGBT {3 ZLR A CRHLER th T B R AR A —FE[18]. A EAR M HAT M2, 22
BRI 2 BB ZLAMRICRT X Ot 2 A4 E

T 2L AMRINE AN BRI 325, STHIR[ 16 0f B8 B G A 00 T Bt il BE A B BEAT 10 E, K
BB & 2 B Ja 0 IR A AN HrP AR A R AR, T HA5 IR 5 8 & 2 AR BOL A Rkt . 3¢
BR[1919F 7T T IGBT ST 5% IR A SsiZ b, R BLARENAR 32 ] 5 I s AN 2 S BUIGBT Joikil, T2
A SR, AR BLEE BT R R AR GR R R R . AR S R A A B P I PELIAL A
SCHR[201 A DU AUZ AT AR T B2 — R T AR, R 203 7 S T s P A 5% W B 11

2.2. A IGBT HEiSETN B EEIEFIETHY 5%

FRTIE A AR IE R B W2 U IGBT Sl 5y f5 4% A7) F s 53 & A ) PRV AR A gt
17 IGBT &2 75 kb (1 LI W [ 211

A IGBT %A b 5y Jo MR R 3h B Mk S i AR Ak, SCIR[22 % B 45 51 et v iR it AT 1 40 o i
BEATIRES, SCHR[23VR I HRAGHIR FEZE AT /T 40 K BEXHR G 5] 2T SEPE A K KFEm . SCHk[24]
FEH AT LAKE IGBT ity 25 A 1) F He AR A R SIS IGBT PERERURT I . STHR[25 14 L A5 FH 1T R JAt ) A
PEARAAE Y B R AL 2 B AT S B 35 A6 R B 1 AR SR Bl L B BE IGBT A2 AL H DK B & /s
e, SCHR[261F UL BN IGBT HIPE RER AT R I .

2.3. #IA IGBT &FEiS N EEEIEHI MY 7535

AR IGBT &SRl AR R4 P, ROXHE S AT R AR AR AT, EEZNE B S H0h )
Pt b5 5 5 IERAE 5 R X, MG 5 PR T & BME B AT 2 Wi[27] . {5 5 B T LA A g
i PURECE M bt AT AT, ] DR IRRAT A e, SEpR B, (ML AR e, /AR i DL
I BT R A T A AT A ], NI HEAT SIS T

ST RIS =AM =R ARG IGBT a3k AR RHR 205 12 i, SCHR[28]42 Y IGBT
SNSRI R R RR B AL S, HORWTIN [ SE K, AT SE MR O EIX I 8] o AT 0T 3 2R 258 AR A I i
BAMEEHE S AT, RIAT LG IGBT 8 Ottt A7 0

FIH IGBT (b5 B ST 12 W B O 2 7 VR R T2 M AR RO R, e R ST HER
HIH IGBT e iZ2 Wrill & (i BRI 10 3206 T AR BB ™ i, L x Il R G ZR AN A
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Table 1. Analytical life prediction model for IGBT devices
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Table 2. Physical life prediction model for IGBT devices
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