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Fig. 1 Structure diagram of IGBT module
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Fig.2 Transformation diagram of Foster and Cauer
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Fig.3 Appearance of Econodual package module
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Fig. 4 Structural function curve based on dual-interface method
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Fig. 5 Three-dimensional structure of the module
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Table 1 Thickness and thermal conductivity of materials
at various layers of the module
Ltk MR R /mm SHR/(W - mK™)
VAN Si 0.12 150@27 °C/199@127 °C
A RZ B 0.10 25
fob A A2 Copper 0.30 385
T )2 ALO, 0.64 25
T 2 Copper 0.30 385
[T B 0.15 25
Hetl Copper 0.30 385
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Fig. 6 Simplified structure of the module
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Fig. 7 Surface temperature field of module upper bridge
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Fig. 8 Cross-sectional temperature field of IGBT1 of module
upper bridge
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Fig. 9 Transient temperature rise curve of IGBT chip
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Fig. 10 Comparison of structural function curves between
simulation data and measurements
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Fig. 12 Coordinates of temperature field at 50 °C
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Table2 Material parameter sweep interval of Al,O, ceramic layer

MRZEL X 8]
ALO, #F:4/(W -(mK) ™) 18~30
ALO, FEAEY/(J - (kg - K) ™) 800~900

ARZSEAARR PO BT, R R
YRS B0 T B AR AT R IR, 6 2 SR T
SELE DLV EE Sy I E IS B RPN

R3 MESEEIEIR

Table 3 List of material parameter sweep schemes

MBS EFE FEL TE2 R HE4L HES
ALO, AT/

24, . 20.4 27. 22. 18.

W (mK)) 0 300 0 7.6 8 8.0
ALO, HL#EY/

i 880 900 820 800 840
(J-(kg-K)™)
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Comparison of scheme 1 structural function curve
with measurements
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Fig. 14 Process curve for correction of structural function
AR E SRR, ATl S A, AREUAS
BHZ AR B o L B i R IR R, THE A



o [ %71 B

552 4

EHEE, A 4E, BbEE, MIETC, XUHLME, SRYEST. DI T A s BRI T IR AP BEETE 167

JERBHL, I 2 B BE R B 254 oR b 2% 2 A RE 1
A A, A TR R AP I 4 Fos
R4 B R BPRRIL L (E AR

Table 4 Temperature and thermal resistance values of materials
at various layers of the module

BIARE  WIC (N iR
SR REEAE 533 0.510 631 iy
LR 53.2 4085051  EHFIRE
P 52.4 4.085051 DBC 42
Ui 516 20425254 ALO, 105,836
AP 2 47.6 7.148 839  DBC F4i2
o BT A2 46.2 5106313  JLAUEE
AR AR 45.2 26.552 830 Hetl
)z 40.0
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Fig. 15 Distribution segments of materials at various layers
on the structural function curve of the module
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Table 5 Conditions of power cycling test
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Fig. 16 Process curve of power cycling test
X IZAE A I EAT PABE I3, 254 e K0t
LB 17 s, Hrep Re” ihgohiimithd, i
@ M s e 2.

FI17 SRR Al 45 F e i h 2k 14
Fig. 17 Structural function curves before and after power
cycling test
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Table 6 Conditions of passive thermal cycling test
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Fig. 18 Process curve of passive thermal cycling test
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Fig. 19 Structural function curves before and after passive
thermal cycling test
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Thermal resistance research of power devices based on structural function
curve correction method

WANG Yongzhi', ZHOU Wei', WEI Xiaohui’, ZHOU Longfei', LIU Hongwei', GUO Weili'

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

Abstract: This study investigated the thermal resistance of various layers within power devices. To this end, thermal resistance
tests were conducted on an IGBT module, leading to the plotting of its structural function curve. This module was then structurally mod-
eled, and subsequent transient thermal simulations produced another structural function curve that was converted from the temperature
rise curve. A fitting process was introduced to correct the measurement curve. The structural function distribution of thermal resistance in
the interface materials at various layers was obtained from the corrected structural model. The corrected thermal resistance values were
0.510, 4.085, 4.085, 20.430,7.149, 5.106, and 26.550 K/kW for the chip layer, chip solder layer, DBC copper layer (upper), alumina ce-
ramic layer, DBC copper layer (lower), substrate solder layer, and substrate, respectively. Furthermore, power cycling and passive ther-
mal cycling tests were performed to verify the degenerate interval of thermal resistance before and after these tests, indicating substantial
agreement between the test data and theoretical results.

Keywords: power device; thermal resistance; transient simulation; thermal resistance test; structural function
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