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Fig.1 Schematic of press-pack IGBT device
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Fig.2 Flowchart of physical field modeling of press-pack IGBT
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Fig.3 Simulation model of press-pack IGBT
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Table 1 Material properties of each layer in press-pack IGBT

2 puE s PR FZE/K! BSE/(S'm™)
] T AR Cu 1.7x1073 5.998x107
EHWHZE Mu 4.8x1076 1.89x107
N Si 2.6x107° 90.404
KFWEHZE Mu 4.8x1076 1.89x107
R R Ag 1.89x107° 6.16x107
2 e Cu 1.7x1073 5.998x107
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Fig.4 Maximum pressure distribution of each layer of
press-pack IGBT with different coupling models
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Table 2 Influence of ambient temperature

on internal performance of press-pack IGBT

HEEIRE/C 4R/ C HLE/V JE58E/MPa
0 44.68 3.29 99.12
10 55.38 3.34 166.18
20 66.11 3.39 234.40
30 76.87 3.45 302.71
40 87.65 3.51 371.12
50 98.46 3.57 439.63
60 109.30 3.63 508.25
70 120.18 3.69 576.98
80 131.09 3.76 645.83
90 142.03 3.83 714.81
100 153.01 3.90 783.93
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Table 3 Influence of external force on internal

performance of press-pack IGBT

it i F1/N 45/ C HE/V JE58E/MPa
1 000 69.02 3.59 232.143 59
1100 67.43 3.48 232.834 67
1 200 66.11 3.39 234.401 61
1 300 64.99 3.32 236.642 35
1 400 64.03 3.26 239.412 89
1 500 63.20 3.20 242.607 76
1 600 62.47 3.15 246.147 91
1700 61.83 3.11 249.972 91
1 800 61.25 3.07 254.035 73
1 900 60.74 3.03 258.299 24
2 000 60.27 3.00 262.733 69
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Table 4 Influence of current on internal performance
of press-pack IGBT

WEINE F1/N 25/ C HE/V JE5iR/MPa
10 21.74 0.64 84.69
20 26.99 1.29 99.31
30 35.92 1.95 128.25
40 48.81 2.65 173.54
50 66.11 3.39 234.40
60 88.57 4.21 313.46
70 117.44 5.13 415.23
80 155.01 6.22 547.89
90 206.45 7.65 730.07
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Table 5 Comparison of simulative results and measured

results by infrared camera

Fads iR/ C

BE R ACBIA ORI
IR 8 B - 5
I 4H - e 57.01 58.49 2.5
oy i) 58.93 59.67 1.2
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Physical field modeling and internal pressure analysis of
press-pack IGBT device based VSC-HVDC converter
PAN Yan',LI Jinyuan',LI Yaosheng', WANG Peng' LI Hui’,
YAO Ran’,DENG Jili*, LONG Haiyang”, LAI Wei’
(1. State Key Laboratory of Advanced Transmission Technology, Global Energy Interconnection
Research Institute Co.,Ltd.,Beijing 102209, China;2. State Key Laboratory of Power Transmission
Equipment & System Security and New Technology , Chongqing University , Chongqing 400044 , China)

Abstract ; Press-pack IGBT device is the core of the VSC-HVDC converter, the pressure distribution inside the
device directly influences the reliability of the device and the converter system,and the internal pressure is coupled
by various materials and composite stresses in IGBT devices. According to different stress coupling effects and their
influences on internal pressure ,the physical field model simulation of press-pack IGBT device is carried out and the
trend of maximum internal pressure distribution in the device are studied. Firstly ,based on the actual structure of 3.3
kV/50 A press-pack IGBT device,a multi-physical field model is established ,and the difference of pressure distribu-
tion in the device under different coupling models of mechanical , mechanical-thermal and mechanical-thermal-elec-
trical types is analyzed,and the weak layers of the device withstanding the maximum internal pressure and the cou-
pling effects of various internal stresses are obtained. Secondly,based on the mechanical-thermal-electrical coupling
mo-del , the influence of different ambient temperatures , external pressure and current values on the maximum pres-
sure and performance of the internal weak layer of press-pack IGBT devices are analyzed. Finally, a power cycle
platform of the press-pack IGBT device is established ,and the validity of the mechanical-electrical-thermal coupling
model and the rationality of weak layer analysis are testified by the power cycle experiments. The results show that
the mechanical-thermal-electrical coupling model can be better used to present the performance of the press-pack
IGBT device with the multi-stress mutual coupling effect. The internal maximum pressure weak layer is between
IGBT chip and emitter molybdenum layer,and the internal maximum pressure is increased along with the increase of
ambient temperature , external pressure and conduction current.

Key words: VSC-HVDC converter ; press-pack IGBT device ; physical field modeling; internal pressure ;weak layer
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