55340 }“#‘éﬂ% No.3

2025 45 H

Electric Drive for Locomotives

May 2025

DOI: 10.13890/j.issn.1000-128X.2025.03.015

B IBET| RS RS
i )

Fé:‘?r_gé‘j'zl’ $‘i)&4w§-zy i!‘é’;il, ’]ﬁ—-‘éﬁls ;E

KN R 5T

(1. FAkN & HAEFRITA RS, #d M 412001;
2. %k P A AR AR TR E], i AR 412001
3RO P AR SR A TR S, R Ak 412001 )

B B YEFTEATIFEMEAEL T GaE B FAR 3300V HELBALERH, AR ET)
RFukah, XEANGHAZERA | A T LB RAFR B ERRLE, ik R, HRTERS#&
B FIUF @HAT T BRI, ST BAR AT T TR TS el LB R B AL, AR
LREW, BHAINTH IR SHRMEE; S5IGBT BHALEARRH ALY, TREERDEFNTAEE
FhHARR, AREKARMRE, RIPRARE, BREMUB LGRS,

KR omALAERM; PUEGE; £7] A%; Faih; HEHEAR

hE 4SS U264.3'7; U231

il

0 35l

At (SiC) AR J B — AT AR
5 IGBT M HL A IRIFE . mIF MR | S5 IR
S, W TR S A 5] RGOk RIS S0
FERIRRAR, DARARL, wEME/DN, BRESIRGHE
e MR MR SRR

—ZEHML201S LA T 2ERE A4S 3.3 kV/1 500 A 4
SICHpRELH, fEM/NE 5| RGEARFE & LRSI
K7 TRBUE I skt 20194F, =35 M HL1E ISCRIM
(E PR ALiE S AH MRS EE A 3.3 kV/750 A
4 SIC B U A4 T 2020 4E 7 A 7E57T T4 N700S 4
RO X RN B 22 38 SiC & R ) — > B LR
P, fEXZ ), WIF . PEMCERERER I NA
5 RGN RIRESESE I T 4 SiC #HEAE 5| R G H 1%
N

HOHH, A AR AR I S8 3 A 2
4= SiC v E 2R =ML R S AR LY

EUWB: Z7d BATMER 4T85 £ A0 AX

XE4mS: 1000-128X(2025)03-0119-07

AT RERRBEAESEAF UFFRFE) N
2011 4EFF 46 i 8l SiC g4 5E , i HE A 1 700 VIR A
SiC ##F 2015 4-7E R W gk 1 S8Ry ™, 2018
AEMEH T EIN BN 3 300 VR R4 SiCE A, Zad iR
WAL, T 2024 452 EE T AEGRYI AR ARk 7R
o

1 HIERBEES|KRESiCR/MHET

H A& FE B 2830 42 5| Z 500 H 1Y DR 8 i
N SiFEIGBT #54F, HiEHREH EEA3F: 1700
V. 3300V 56500 V. fER#—vEEk 2 Sk SiC
MRE, A EE ST MREEAT BRI AR A S0 o I A
RS /L S =05 LE s R S WLy ST 1 1| A WO 2
IXEEA BRI MOSFET 45 SR 50 88 4 1) i 1
AR E] T 6 500 VL EP, f#if% SiC MOSFET A 42
T8 55 B AT A 5 | RGEH Si L IGBT #H4H W

38 2238 N X PR AR R R S R 2 T
TE N MR, TR R 7 AR . IR SRR

EERN: H&ET, &, EHAIEIT, AT @R B4 RRAERZAK; E-mail: chenyp@cstzic.com
IR BT, FmE, T8 E, 5. Sl 5l 5| R AL B AR B R AT R[)]. ALE B4R F), 2025(3): 119-125.DOI:10.13890/j.issn.1000-

128X.2025.03.015.

Citation: CHEN Yanping, LI Chengzhan, WANG Zhongbao, et al. Research on the selection and application of traction-grade all-SiC power devices for
rail transit[J]. Electric drive for locomotives,2025(3): 119-125.DOI:10.13890/j.issn.1000-128X.2025.03.015.



120 it et

2025 45 H

ghgupily . BIESREFIRES TOL, RS AR
KAFr A% DR, aF IR A fr el 255 20 47 LA
b, i, gEREmRERE R SRR SIC AR A2 5| RGN

IS, TRATFRE B | it
HESIESTEL TP

1.1 SREERHR
LL1 2k

1) L 552

KEPLEEEG R, RAWRADEDC 750 V
HER A A S| R G R 1 700 V a8 4o Ry
WAL LR DC 1500 V,  FIFR FHS 58 g8 4 () 4
HE N3 300 V; TERILES sS4t o AC 25
KV, FR 28854 )& HL 24 3 300 VEK 6 500 Vo

RS ERCH 2 B A OK R R ANME R LUK Z
LY, HERANGE 2 A K DI B s ] . B35
PERB AR EZ R Fib, Mgk, #Eb
il 7 5 B pp i O i R, HATHUE S E A 5] REh
F-H Y SiC MOSFET #2447 72 B 3 300 V.,

2)i Gk

SiC MOSFET /s &5 #94ni& 1 fron, 5 IGBT A,
T2 AT M A R, H e AR A TR
AlE, (BAEH JFET XA 7RI Wl , 23l i i
BHAE K . HLURFRAL . BEERG N7 7445 % MOSFET A
FHIE VI, WK T JFET DX 38 i v 3 Je o, (H
SiC YA M A Z ik K S AL T2 XERE R, ELIAA A 42
VLI, A SRR ZEY . OO B R ] R
B IEASH Y Y SiC MOSFET 85 D026 i 4544 .

A%

ot Nt ppr N

N-4#ME

Ttk
1 MOSFET it i 454 ]
Fig. 1 Structure diagram of MOSFET chip

1.1.2° MOSFET ith i R AR e

AR R SRR AT e L B 4 ey ] P R
PEETE M A HoR

1)JFET X 53t

A SiC MOSFET HP 4 JFET X B2 52 i g1
S R TR R RE R AT SRR A OCHE .l R T
J&JZ CSL (carrier spreading layer) AR5 JFET ¥ A4
XS JFET X BEAT AL IR 1Al MOSFET 38 HL BH

B E RO SR AR T b i 2 A E AR A
KB T 200 AR 5 JFET K8 20 ik iE DA
JFET HLBH . SCHR[ 126X AN i AR SR 6 T T 0F
58515, W T CSL H0R 5 JFET {1 AHAR G RL
FAARF- i SiC MOSFET ft S L BH, RIS THE A iy
HLIR R ZRAE ST, (HLIFET v A AN BI{EL A2 B /N

2018 4, Hr AR TP TV B AR HE B R A R
4 SICHR Y, FEICIERE |, RN MOREAE R A S
JFET A ARMATIL, T 2020 4FHE H 25 —ARAF 40
SRS, e R, SR Bt s R R 17
mQ-cm?,

2) iR T A

TR T2 S SiC MOSFET il 3 (0 4% 0 3R 4,
O FLIE R R AR B T A A R | B R AR E
A A S . IR T 2 O R AL R R K
LR K AbEE AR AR K SR R AL, AR
el SRR AR U, S SIC 3T SiO,
EA K IR KA EE— R AR ko, B 7E R
(&1 600 ‘CLL ) Fil ANOEBIN,0, fiifk SiC/SiO,#
TERG (CANBR AR AN E s ), e Fa A% (Dit),
AT TR K

SiC7E i T A fba R B E 4 &, Hal s i)
FHENEEEN TR, BREILEEREH, FAR
drZE o . SiC R w576 = il A b B b G A i
RS AR, SRR EET S, BRI
EIER R, B R e v R Fm A% . Mt
A2 A R A R A B ) R

AR R AR, PRI A R R e M T
PR, XTHHFSE T 1300 ‘C5 1350 “C R AR, 45
R, 1350 CEALIRE T2 08 TR 0 infa
FE, AFEVIET R AR ATHE T, BIE H R N
TR 75%, PRI 1 350 °C i e 543 8 A A
AT LR
1.1.3 SiC WA F e

SiC AR I BRI 3P R T
(SBD). PiN AR ML Y R —E (IBS), 4%
A2 iR . BT BRG], HArkge 50
YRS, SBD S RET &R 5 Sk
Ml B B RS R, TR ZEERR A, e
A B TR A, A R N, (R R U
MR, RHAERE T, i EE 20 AR 41
PiIN AR A8 3 P RUFIN B R 2 [0)4H AARE 2k
i gEd ik, Hrmd g ke, EmamEni, |
e B A, kR SRR, FEOF
KPFER, NiEE RN H. IBS LS T SBD
5 PIN B4R, Gl 7 R il R LR A P+ DX ke
PR L, ISR R 2R S R R . 3 Fh
A RPERES RO AN 1 B, WFSE I BARR B 7 3Rk 1



53 Bhaer-, Asmils, F0a, vressi, Bk,

.

PUBSSEZE S | P A i de LR A 121

PETIBS, W TAMERUE H 3 300 VEEKR, [HEHE
B R T S B R s B IR T RE ST

FHA% FHAR

FHA%

Bk Bk BH#%
(a) SBD (b) IBS (c)PiN
El2 ZAAEgE

Fig.2 Structure diagram of diode

F1 AR ZRAEPERESEO L
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Table 3 Main technical parameters of the traction system
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Research on the selection and application of traction-grade all-SiC power
devices for rail transit

CHEN Yanping', LI Chengzhan’, WANG Zhongbao', XIN Lanyuan', ZHAI Long’, LI Hua’

(1. CRRC Zhuzhou Institute Co., Ltd., Zhuzhou, Hunan 412001, China;
2. Zhuzhou CRRC Times Semiconductor Co., Ltd., Zhuzhou, Hunan 412001, China;
3. Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: CRRC Corporation Limited (CRRC) has released a 3300 V high-voltage all-silicon carbide (SiC) power device product
based on planar gate technology, targeting applications in rail transit and other fields. This paper provides a detailed introduction to the
selection of chip types, key processes and technologies, as well as device packaging techniques, such as low inductance design, high tem-
perature reliability, and thermal design. It also presents reliability evaluations and research focused on on-board applications for rail tran-
sit. The research results demonstrate that the launched product aligns with mainstream products on the market in performance, and exhib-
it obvious advantages over IGBT devices in applications. The product can significantly reduce the weight and volume of traction convert-
ers, effectively lower system losses, improve system efficiency, and decrease motor temperature rise and noise.

Keywords: all-silicon carbide devices; rail transit; traction system; planar gate; packaging technology
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