49 % 1. 238-247
202341 A 31 H

(LN 7N
High Voltage Engineering

Vol.49, No.1: 238-247
January 31, 2023

DOI: 10.13336/1.1003-6520.hve.20211285

ZERRERNEBEERRBMES T HE
BRE L AR HiERL 50

(1. P E 7 & WA FRFIENE) A 5 EH B NG RAENE, 3 562400;
2. RAZ LA AR A P E], Bl 114051)

8 . MEERVEEU B EORAE R E f rp U N DL AR T AR A SO e SR AR D) AR A
PR FEE @IS R E AL PR AR Dh AR B W AR IR R 2 — o O T HERR 0 AT IR B R AT SR, fRIIE
DB 2 A n] SEIGAT, 1R T DR BHIA IR & 0T 771, 1%071E5E T4 4t Foster, Cauer FAPHHTRIA, K
FLIIZ NI S K, MR I S~ AR DR R I IR B DTSR R IRl AR, 3 S Th SR A st
TSR TR & VIR T &, RS DR R R SN 5 07 FLEREAT X ELARTE . 455R
R, SENES 07 AR S ANEK A 0~50 s iR ZEFR<E5%, O EER . ZIFBRAIHTTZ G 07
ERA —E M AT, ADEH T R D R BEHAD L 02 LL LI 18] FRUBE A #0079

R YRR, TR AOTEENE; APHT ARC TR

Comprehensive Analysis Method of Thermal Impedance for Power Module of Flexible Direct

Current Converter
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(1. Tianshenggiao Bureau, EHV Transmission Company of China Southern Power Grid Co., Ltd., Xingyi 562400, China;

2. Rongxin Huiko Electric Co.,Ltd, Anshan 114051, China)

Abstract: With the wide application of HVDC flexible technology in the field of power transmission in our country, the
reliability of power module which is used to convert, control and transmit by semiconductor power devices has been paid
more and more attention. Thermal failure is one of the common causes of power module failure. In order to accurately an-
alyze the thermal reliability of power module and ensure its safe and reliable operation, a comprehensive analysis method
of thermal impedance of power module is proposed in this paper. This method is based on the traditional Foster and Cauer
thermal impedance model, converts the thermal impedance parameters into field parameters, uses the modeling software
to establish the thermal impedance equivalent finite element simulation model of semiconductor power devices, and car-
ries out the transient thermal field simulation calculation of half bridge power module. Build the temperature cycle test
platform, and the measured temperature of semiconductor heatsink was compared with the simulation value. The results
show that the error rate between the measured value and the simulated value is less than £5% within 0~50s of no water in
the heatsink, which meets the accuracy requirements. The comprehensive analysis method of thermal impedance of power
module is correct and feasible, and can be applied to the thermal simulation of the same type of power module on the time
scale of seconds and above.

Key words: flexible DC transmission; power module; thermal reliability; thermal impedance; finite element; temperature
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Table 1 Thermal resistance and thermal time constant in

IGBT specification
¥ S AR R AR
RIK/KW) T, /s RI(K/KW) T, /s
1 0.24x1073 4.08x1073 0.248%x1073 0.248x107*
2 0.82x1073 1.6564x1073 0.751x1073 1.8476x1073
3 1.1x1073 1.771x1072 1.85x1073 1.6946x1072
4 5.7x1073 0.609 9 9.66x1073 0.579 6
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Table 2 Thermal resistance and thermal time constant in

Diode specification

B FF A A B AR

)

' RIKIKW) T /s RIKIKW) 7 /s
1 42015 17 5.8520 226
2 1160 7 0.07 1180 7 0.74
3 0.496 0 0.004 5 0.74 0.004 4

R3 CHEFRA AEHIE

Table 3 Thermal resistance and heat capacity of diode

HABH HE/K kW) WE HfE/JK
Ra1 0.7003 Ca1 8.4

Raz 1.349 Caz 51.35
Ras 3.811 Cas 382.5
Rxi 0.542 Cki 7.623
Rk 5.281 Cka 232.8
Rks 1.715 Cks 767.3

# 4 1IGBT % Z#H. #ABUE

Table 4 Thermal resistance and heat capacity of each layer of

IGBT

HEH BUA/(K-kW ) AR HE/TKY
Rci 0.288 Cci 0.1551
Rea 1.020 Ce 1.693
Res 1.237 Ces 14.81
Res 5.316 Ces 97.51
Rg1 0.275 Ck1 0.09495
Rg2 1.232 Cra 1.825
Rg3 2.005 Ck3 7.806
Rea 8.996 Crs 54.4

RS BRSO E SR

Table 5 Physical meaning and unit of parameter symbol

ZH PEE X CR VA
7 FRAH W/(m'K)
L =833 m
N 2T I A m?
14 A m’
Pwm I kg/m?
M R kg
¢ ERA T J/(kg'K)

B T2 R A T 2 o AR
2 ARTHE

P ARG IR 57 R B EL R ) R A
AT SEMEANRRE M. REEIA AR 2R
PRESAF I AEATAT SR G T B (Hib iR To ik
FLERIN AR BIRAL A TR ST A n] SEVE e FLIE I 25
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Table 6 Model parameters and material properties of devices

By HPHAKKWT) AR /m? SRR JE % /mm
J(W-(m'K)™)
0.7003 0.010 387 200 145
1.349 0.010 387 200 2.80
N 3.811 0.010 387 200 7.92
R
0.542 0.010 387 200 1.13
5.281 0.010 387 200 10.97
1.715 0.010 387 200 3.56
0.288 0.012272 100 0.35
1.020 0.012 272 100 125
1.237 0.012 272 100 1.52
5316 0.012272 100 6.52
IGBT
0.275 0.012272 100 0.34
1232 0.012 272 100 1.51
2.005 0.012272 100 2.46
8.996 0.012272 100 11.04
N . BB/
W/ AH/IKY PRA/m? ¥ /(kg-m3) .
(J-(kg'K)™)
8.4 1.51x10°% 4000 138.97
51.35 2.91x10° 4000 441.02
. 382.5 8.22x10°5 4000 1162.85
TR ~
7.623 1.17x10°5 4000 162.95
232.8 1.14x107# 4000 510.74
767.3 3.70x10°5 4000 5183.59
0.1551 434x10°° 4000 8.94
1.693 1.54x10°5 4000 27.55
14.81 1.86x10°% 4000 198.74
97.51 8x10°5 4000 304.49
IGBT
0.09495 4.14x10°° 4000 5.73
1.825 1.86x10°% 4000 24.59
7.806 3.02x10°5 4000 64.63
544 1.3510+ 4000 100.38
B —
TR A

KIS Eproh i = 44 R oo Hop i
Fig.5 3D finite element simulation model of half bridge

power module
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Table 7 Operating parameters
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Fig.9 The curve of simulation temperature change of the
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Table 8 Maximum junction temperature and shell temperature

of T2 in different simulation cycles

JEI /s T2 S5l i/ C T2 7ol i/ C
20 58.74 48.9
2 41.72 334
0.2 34.1 30.1
0.02 315 30.0
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Fig.10 Temperature distribution of power module
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Table 9 Type and target of thermal excitation in temperature
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