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The Loss Model of the IGCT Device in High Power Traction Converter
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Abstract: The integrated gate commutated thyristor (IGCT) is an important element for efficient and reliable
operation of high power traction converters. The stability of high power converter system is significantly affected by
the voltage and current dynamic characteristics of the IGCT device during the turn-on and turn-off processes. The
dynamic characteristics parameters of the 4.5 kV/4 kA IGCT device were studied, which were tested under different
testing conditions. Furthermore, a numerical loss model of the IGCT device in terms of the voltage, current and
temperature was presented. The model is apt to be implemented and extended because of its simple form, and a
theoretical basis for the analysis of the loss and efficiency characteristics of the high power converter system is
established.
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Fig.1  The topology of the three-level ANPC converter
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Fig.2 The figure of three-level ANPC converter
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Fig.3 Single power semiconductor switch test platform
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Fig.4 The waveforms of double-pulse test experiment
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Fig.5 The waveforms during IGCT turn-on process

under different testing conditions
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Fig.7 The waveforms during IGCT turn-off process

under different testing conditions
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Fig.8 The voltage spikes of IGCT under different currents(125 °C)
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Fig.9 The waveforms of turn-on loss under different

values of current and voltage (125 °C)
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values of temperature and current(2 500 V)
AN TR BE B AR, SR FE Bl 45 1 A2
R UNE N2 s, B A 45 1R 3, IGCT g 44
B4 G W 361 FE 5 25 A2 245 T =2 ) il 3 oL v il 2

wAAES) 20224%F %523~ %19
M

15
=%
% ]
= 5Y
ko)

0,

25 50 75 100 125

RE/C
B2 ANTA]ILBE R I ST FEBOE (2 500 V)
Fig.12  The waveforms of turn-off loss under different

values of temperature and current(2 500 V)

2.3 5B R XA E S

LGCT i 4 1) 3 38 71 5C By B[] S 7 52 PR T
I FH B 5 5 A5 G 1Y 93 A — 4R R, X IGCT
aFR S X )i g A BN R E L £
AT S IR L TG CT 5308 0 6 Do s 1] i 2
AR L IO S R B R R 9 1 A A #5303l
wE 13, 8 14 R

3000
! 2500 2000 23500
. 1500 :
B //ﬁf/]]y H /E/V 3000 1000 W WEEJ‘T/ A

13 IGCT St Al

Fig.13  The waveforms of IGCT turn-on time

10

L9

s X 125 C

= 100 C

[ 75 °C

oF 50 C
6 25 °C

2000
2500 3000

L2500
,ﬂi)ﬁ‘/gw Sy 3000 100!
v

o 1500 2000
PR TA

K14 1GCT A
Fig.14 The waveforms of IGCT turn-off time

& 13 &l 14 i) 4 — 2 il 1 2R s A8 A [A) IR
JETT A FF R o] 5 i e s R AR b S i R &2
A3 S R A A R 25~125 °C, T RAE W, &
3 K ST ] 5 8 4 305 B 1 2 TE A OGS 3 B[]
55 BA B A S IR AR OG5 R L R O R AN
5 JCIT A ] 5 BHAR R RO R AN K, 5 B

IR g P
15



WA 20225 F 52K 194

B, F R R RG] LR B IGCT BAFBALHEA

3 IGCT ZAFHAes i

Ty Z a8 IGCT W $FE p 3l A B FE | T 5 45
FEFTWT A TAFELL K, FF ICHFE X3y 38 S5 FE AN
KWHRFE . B TR WA e f AR /DN, 115
PRGN 1] Z0 M8 T 24T
31 BEEEHE

TR T 1 IGCT f 58 4 55 J5 il
A KR V5 T B 1 2 T A PR £ R4
W PR HIA PR

VT‘Tj :ATj + BTjIT + Clen([T +1)+ DTj\/TT (1)
o Vo WA IR BE TR (038 245 R 5 1, M 2k
V38 FL A I (L 5 Ay, By Cog» Dy 535310 09 68 07 ) 48
GRE

W@ DNLRT PER=E538 o NibEE S (R X
SA% AR SRS Ir A PR AR Sk
PLA B 2 1 pREICIL 538 A5 R R PR I 4R

AN ) ¥R BE R B PR 4% S TR R AR T il 2R A
[1.85V, 1318 AJbHHZE, LA 1318 A N4y Lk, 4y
B2 PE LA TGCT 1938 25 FE P 5 HL I 6 Rl 28
SrH1nTF R

1.37 + 0.368 x 1071,
s = {1 56+ 0.222x 10°°1,

1, €[300,1318)A

I, €[1318,5000]A

(2)

1, €[300,1318)A

I, €[1318,5000]A

(3)

T Vios, Veos 7000 R BRI 25 °CL 125 CF

F14) 308 25 A

15 15 T R B8 0 110 3 25 TR B A 1 5 R IR

ZAFEAEA T R IR R

1.14 + 0.544 x 1071,
BB 143 + 0317 % 1071,

T, - 125

Vigr, = Vioros + Ky 25 - 125 W
T, - 125

Trow, = Troaos T Ko 25 - 125 )

2 Vg 1255 Tro 10 20 B R 25 A TR EE 125 ©C B B W)
0 VBRI o RTS8 2 LB 5 Ky, Ko 53 SR R0 B T A
JF 68 R 2 b OEL 4 9 1 1 R

4i43002) KRG F RN IR E B IE REL:

0.1156 I, €[300,1318)A
e {0.062 7 1, €[1318,5000]A

-8.77x10°  1e[300,1318)A (6)
" {—4.76 x10°  1,e[1318,5000]A

16

LRMERLG M2 5 F M h St He an &l 15 iR
JE £k R AN R B 1) TF- W e KA I 4k, S AN T
T RIS . 75 oC Bk ph R MR PR £k
PESLG LRI A5 2], 45 G IGCT 38 2485 R e

B Y S A
G 25T A
4000 125 CF Mk fE

< 3000 125 CHIIA
2 25°CHRH A
B 7
2000 75 CAERA
o /
01 1.5 2 2.5 3 35
WKV

15 1GCT i A5 R P A
Fig.15 Fitting model of IGCT on-state voltage
IGCT A% 1F A ZS AR T3 A A R U -
T - 125
11,
25 -125
(7)

EcnnT :[VTO,IZS + rTO.lZSIT + (K\'T + KrTIT)

32 FXRImFE
ARSI FEIGCT 1 B S BT IR AL 1 78
ELMI L 2 800 V, AR 125 °C LA S HE2H
H B S BORFT B SR Rr et 4.
TV A TSR e R T
I, v,

E,=E, -
=P T (8)

A v, IR % ER A R S B o TS
IRV MSHHRGL, AR OO B

PNEN=N

HeEL o
K (8) AR BRI R 2, th o i R L
JEFEM , BT A48 S A S bR T 00 R 0 8 0 K o
AR SCIEPERG IGCT #5141 T S i FE R Ry 2
FHL LR ek 2 I X,
E.,.=a +a,-V, v+a,-I +a,-T, +
as- VI +ag- VT +a,-IT, + (9)
ag - Vi+a,-IP+a, T
K ra~a, WIFRBFE IR Z I HE REG V.,
1, T, B 2  H | R 0 AL R A8 U5 — b Ak 1 fp
15, B35 2 800 V,4 000 A, 125 °C.,
mFRO) IS R Z, L&A T3
BB TR I AN B PR IE B I T A 1) 19 e g AR e 4 2
AL, WA SCR % A 1813 32 oK figt e 10 it e
A5 1] 5 1 A AR K AR e B 5 AR
Y3 A M R R A AL A S




I, 5 R HEET TRBICCT BAFHARR

WA 2022F H52K F19H

AR - 1) Al AR A v 51t 284G 0 AN I 2 1 A8
o, ICE T AT 2 [ AR b 2) B D IR
EH A W R s ek A 3 R A
VAN ik 25 i B A2 I | I Pl A 30 1) i
B AR L

ARG AE A B I 5 vk XU A 22 o =k
LAk, A BhGe T4 55 4] 4 S0 5 it R R AN I 3
M Z XTI, XTI OCHFERL G A AR U, A<
SCHEH DU BB AR . 1) ARG H,: A R T
B 3 2) A5 AR LA R R S0,

1 0.05 1 1yt 2 1 K (py, ) FIE BR M, GN
R Prn>0.05, R TC B EMEE R AKINFRI H, 5
W py,.<0.05, Tm A 0 F 27 4T/
WH,, #3281k R H, .

AR SCER 2 45 N TGCT 235 44 il XUk v 512 56 9%
TEAH R AT AS R T 00 FF OCPAE , 2 ]
4325 °C,50°C,75 °C,100 °C Ffl1125 °C 3L 540,
FEME A B 2 800 V FIERAFELEE 125 °C, DL K&
AL K H B S BORAE T, A SO A Bk o
LA IR IGCT S8 T W N AE R th et L
WK 16 iR,

25

o SRR A
Tt max{ii

20 | —Fihypefic

KWHBHRE
> &>
\1\

BRI 5%

0 1 000 2000 3000 4000
KL I E/A
16 SEREER S ST M ICCT KW FER T [
Fig.16  The comparison of IGCT turn-off loss characteristic

between experiment results and datasheet

FH & 16 TR, S SR B0 SR o S 36 45 2R 5
TN B KA T B 0, SE g 25 R A AT
{5, ATVE I IGCT #8248 B 1 X H FE LA A 7R 1Yy
BRI . A ST 5 21 T B AR TR A 75 °C SE g
B AAE BRI E A, o 4 B A F
R ILA 155, 18 B Matlab 20044 & B b5 pR 50T
HATZ LN R 5347

K % A0 26 4 101 A J7 3 43 B IGCT 8 14 1Y
W HAFE | B V.2 0S4 T4 s i
o MABMSHAEIFIR, £1d, 5 =75
BAEX N ay~a A A BB, T 218k T veoi,
I ag=0,

F1 IGCTHHXITIRFAERINUGRY

Tab.1  Fitting parameters of IGCT turn-off loss model
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