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Simulation and Experimental Investigation on the Thermal
Design of High-power IGBT

LI Yang, ZHENG Qinghong

(School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: With the rapid development of modern electronic technology nowadays, the heat flux density of high-
power electronic products is growing while their volumes are diminishing. The control of temperature at the center of
devices affects the reliability of their operations, therefore, more requirements are required for the cooling technology. In
this paper, considering the above characteristics of an IGBT module in a high-power device, a computer model for the
original product was established using Icepak, and its reliability was experimentally verified. On this basis, the aluminum
heat-sink ’s structure and operation parameters were simulated and optimized. By analyzing the effects on the heat-sink ’s
thermal resistance resulting from the fins’ thickness and height, as well as the air volume, an optimization scheme was
obtained.
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Fig.1 Configuration of IGBT heat-sink
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Fig.2 Temperature nephogram on the perpendicular

section (sections of XY and XZ planes)
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Fig.3 Temperature nephogram on the fins of heat sink
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Tab.1 Test data from the IGBT heat sink system
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Fig.5 Relationship curves of heat resistance and

temperature vs height
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Fig.6 Relationship curves of heat resistance and

temperature vs thickness and numbers of fins
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Fig.7 Relationship curves of heat resistance, wind

velocity, and temperature vs air volume
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Tab.2 Final optimization scheme

MR IEE, MR8y W R&EE MR ReE, KA/
mm i m mm m?/s
2x0.12
2 61 0.09 2.47
2x0.09
4 ZEig

AR A M T R Ty AR RS HOER B 1 B A
FE L RHIL AU 0 R T2 o B A AL 1 5 i, 75
BB LIR

(1) Wl oo JEE AN R IR P R 2 DDA O 76—
ST PR PN e B R, BRI E BT, AR
N, SR SAE T B A RN F 0.09 m,

(2) B K A A L /) | T e
REAR, MUEBE K E] 0.38 m¥s Ja , TR o 3 3 A
PR T2 TR EE S PR AR 3 (E I A 3 WO 2%

(3) Wy i T2 A — s Y 1Rl P AT AR in 4 3 11 1%

N

AR R B R BN R ARSI R R
[F1) B A2 /) 2 BEL A 25 000 I 450 8 i B8 AN g A1 s T
Th s, P BE A AR L3 O A A i AR RV T ol
B, BT B RD AR 2 mm, SR 61 4
PRGN

8% 3Lk

(1] 20, XU S0 R v S0E AR I B it 5 E B S HERE ().
il ¥ 2% 4, 2004, 25(3): 22-32.
Li Teng, Liu Jing. Latest research advancement and as-
sessment of chip cooling techniques[J]. Journal of Refrig-
eration, 2004, 25(3):22-32(in Chinese).

(2] BFF . B & G001 5% v RN 2 75 i 1A 48 D7 2% F FE[D].
BOH V3 TR A, 2013.

He Qingchuan. Researth on accelerated life testing method

5]

(6]

of switching power supply for numerical control system[D].
Hangzhou: Zhejiang SCI-TECH University, 2013 (in Chine-
se).

FUKHE, B, T B 3 PR BRI B R
ZEIR KRR PR R[], LA AR, 2007, 23(1): 5-10.
Lyu Yongchao, Yang Shuanggen. A review of thermal analy-
sis, thermal design and thermal test technology and their re-
cent development[J]. Electro-Mechanical Engineering, 2007,
23(1): 5-10(in Chinese).

i SCAR, FARTT, M SO, 45, R D) A TT OC B IR ZE
W FRBEIF[T] A TR 24K, 2013, 28(2): 185-191, 218.
He Wenzhi, Qiu Dongyuan, Xiao Wenxun, et al. Thermal de-
sign of high frequency high power switched-mode power sup-
plylJ] Transactions of China Electrotechnical Society, 2013,
28(2): 185-191, 218(in Chinese).

A, o, BREAR, S T ICEPAK () & 50 42 4 (1
BT Loy Hr()]. T TR, 2013, 21(19):57-60.
Huang Qian, Ma Liang, Chen Yuhua, et al. Thermal de-
sign and analysis of high-frequency inverter based on I-
CEPAK]J]. Electronic Design Engineering, 2013, 21 (19):
57-60(in Chinese).

Ji %, Blibe 2R, 250, DA P S A S F R O PR3
[J]. #2540 . FARFLA R, 2011, 32(3):228-235.
Zhou Tao, Lu Xiaodong, Li Yuan.Calculation of thermal re-
sistance for air-cooling heat sink of power semiconductor
parts[J]. Journal of Bohai University : Natural Science Edi-
tion, 2011, 32(3):228-235(in Chinese).

PR, W PR . 5 A D) A< 88 1R T 2% THCR P fE RO LA
K243 HT(T]. AR, 2003, 26(4):354-356.

Fu Guicui, Gao Zexi. Analysis of geometric factors on ef-
fect upon the capability of heat sink of power component
[J]. Chinese Journal of Electron Devices, 2003, 26(4):354-
356(in Chinese).

TEEE AN

2 (1991-), o, a5 AR & Bl it
SUHE, BEFEOT I ORGSR AL -
mail ; 121831808@qq.com,

KBPRLL (1966-) , 2o, W+, &l 242, it
SET7 ) 1 5 A A G B 0 A A R KA
PRHOAR, H SR B A8 R 5871 hE L e AE 48 1 ¢
A ,E-mail :411 167662@qq.com,



