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Abstract: Most of the existing reliability studies on insulated gate bipolar transistor (IGBT) devices ignore the
impact of fatigue failure of different solder layers on the thermal resistance of the module, resulting in deviations
of the lifetime assessment results from the actual conditions. Therefore, this paper proposes a lifetime
assessment model for IGBT modules considering the coupling effect of different solder layer aging. Firstly,
based on the establishment of the finite element model of the IGBT module, the influence of different solder

layers on the transient thermal resistance of the module is analyzed. Secondly, the Foster thermal network
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model, obtained after identifying the parameters of the transient thermal impedance curve, is verified. Then, on

this basis, an iterative prediction process considering the fatigue accumulation of the dual solder layers is

constructed by combining the Coffin-Manson-Arrhenius lifetime model with the Miner linear cumulative damage

criterion. Finally, the lifetime of the IGBT module is evaluated under the actual operating conditions of the

photovoltaic inverter, and a comparative analysis with the existing lifetime prediction methods is conducted.

The comparison results indicate that the proposed model can effectively characterize the aging coupling effect of

different solder layers, significantly improve the accuracy and engineering applicability of IGBT module lifetime

prediction, and provide quantitative basis for reliability assessment and maintenance strategy formulation.
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Fig.1 Structure of the IGBT module
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Fig.2 Finite element model of the IGBT module
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Fig.3 Specific structure of the finite element model of the

IGBT module
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Table 1 Physical dimensions of the IGBT module

45k ok K/mm  F&/mm & /mm
TSR Silicon 5.55 5.55 0.15
IGBT 5 Silicon 6.90 6.90 0.15

TS A ERZ 96.5Sn3.5Ag 5.55 5.55 0.12
IGBT MR ERZ  96.55n3.5Ag  6.90 6.90 0.12
DBC( L4 j2) Cu 28.50  25.80  0.30
DBC(F % 2) AlLO, 30.65  28.00  0.38
DBC( i) Cu 28.50  25.80  0.30
DBC #2442 96.5Sn3.5Ag  28.50  25.80  0.12
A LB Cu 91.40  31.40 2.80
z2 MHEM
Table 2 Properties of materials
o "%Eiikg- Era‘z@;%;*ﬂzﬁw %“E%?/I@(kg
m ) (mK)™ ") K™
Silicon 2329 124 700
96.55n3.5Ag 7 300 35 226
Cu 8 960 380 390
ALO, 3780 15 830
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Fig.4 Transient thermal impedance curve of the IGBT

module in a healthy state
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Fig.5 Influence of the chip solder layer on the transient

thermal impedance of the module
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Fig.6 Influence of the DBC solder layer on the transient

thermal impedance of the module
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Table 3 The influence of different solder layer aging

degrees on the thermal resistance of the module

DBC JR 2 AR R
/0 BURABRYT/  METT BIRAEST  HMRT
(KW ) L/ % (KW 1) L/ %
0 0.531 85 0 0.531 85 0
20 0.538 73 1.293 6 0.549 81 3.376 9
40 0.549 76 3.367 5 0.579 36 8.9330
60 0.570 46 7.259 6 0.637 84 19.928 6
80 0.624 25 17.373 3 0.812 17 52.706 6
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Fig.7 Thermal impedance corresponding to different

aging states of the dual solder layers
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Fig.8 Foster’s thermal network model
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Table 4 Parameters of the Foster thermal network
model for the IGBT module

5 R/(C*W ™) C/(WesC™h)
1 0.129 2 0.092 3
2 0.268 2 0.068 9
3 0.1327 0.0218

hy 6 I A ) 245 A6 0 oA 1, A SOR Lo A T
[i] — T80 T Foster #4445 158 8 55 A7 IR oCAE U 45 38 ity
LR 22 . 76 Matlab ) Simulink - & o 5 42 7% #1
o 2 AL T, 2 )t A ok 25 B 0.5 A< O 10 Hz i

{E A TR) B 7 D, X5 Bb 40 M7 465 3L ke s A JR 3 1 X 2
TSR 27

LS AT N IGBT 45 35 2152 38 J5 1Y 45 T I
SME; T, M IGBT iR B BN SF W4 EIME . h
B X AT 0, AE AN R D7 IR E R, Foster $4 ) 25 45
BT A5 2 S B0 54 BT RS T AH L 25 T - 45
T 3h 25 e KK 0.755 3 °CL iR 2= i K 2.9% 5 F
Py oh i 2% B ok o 0.001 4 °CL iR 25 K Kl 3.5X
1077 % o I3 T Foster #4645 (14 25 5 #0000 Jy 32 ]
LE B 43 B o8 ELREZ A DBC BELREZE AN [ 72 5 9
55 P05 Je 1 25 TR R

£5 TEBEFROASHEILE

Table 5 Comparison of thermal parameters for

different modeling approaches

B Foster # [ 2% PRI
R /W -
AT/C T,,/C AT/C T,/ C

30 9.953 7 33.791 25 9.716 33.791 0
40 132718 36.722 30 12.954 367210
50 16.591 5 39.652 45 16.193  39.6515
60 19.9097  42.582 95 19432 42.5820
70 23.2280  45.51340 22568 45.5120
80 26.5463  48.443 85 25.791  48.4425
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Table 7 Comparison of lifetime prediction results for
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