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Evaluation of the Delimitation of Molding Resin in a Power Module under Thermal Cycle Test
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Because the power modules in next generation will be used under higher temperature, the delamination of the molding resin due
to thermal stress is the problem to be solved. It is important to evaluate the reliability of the delamination between the molding resin
and metallic components. We will provide the evaluation technique of the delamination strength of interfaces between molding resin
and a metallic component. We measured the delamination toughness of interfacial cracka between copper/Al and molding resin for
the wide range of temperature. We also analyzed stress and the stress intensity factors of critical cracks in a model power module
during a thermal cycle test. We expected the most severe temperatures for the delamination of the interfaces under the thermal cycle

test.
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Fig. 1 Coordinates system around an interface crack tip.
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Fig. 2 Interfacial fracture specimen (Cu and Resin).
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Fig. 3 Interfacial fracture specimen (Al and Resin).
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Table 1 Material properties of Cu, Ceramics and Al.

Material T(ecglga ( Gl]za) (placn];/EC) v
Cu 20 97.2 16.7 0.33

Ceramics 20 290.3 3.4 0.27
Al 25 69.1 22.8 0.34
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Fig. 4 Fracture toughness based on the total stress intensity factor K;
(Shearing delamination test) (Cu/resin).
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Fig. 5 Fracture toughness based on the total stress intensity factor K;
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Fig. 7 Fracture toughness based on the total stress intensity factor K;
(Opening delamination test) (Al/resin).
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Table 2 Material properties.

. Temp. E CTE
AT OMEER % Tables 2. 312773, Material ©) (GPa) (ppm/C) v
—40 54.26
Solder 25 52.6 22.8 0.38
150 45.67
175 22.48
Table 3 Yield stress and temperature of solder.
T(C) —40 25 150 175
o, (MPa) 31.61 23.38 9.61 4.43
T: Temperature, 0,: Yield stress
Table 4 Coefficient of Prony series for Resin.
7 E, (MPa) G, (MPa) K, (MPa)
102 0 0.15 0.32
10" 289.04 110.89 240.26
107 0 243 5.26
10°¢ 58.01 16.49 35.74
10 1259.69 507.57 1099.73
107 777.93 241.45 523.15
107 709.40 372.96 808.08
107 433.89 0 0
10° 696.33 535.21 1159.61
10" 878.34 0 0
10 267.62 421.13 912.44
10 7 1377.75 276.00 598.01
10 * 898.48 543.14 1176.80
" 1624.02 470.69 1019.82
10 ' 2675.95 1149.80 2491.23
0" 7368.99 2738.90 5934.29
0" 2515.19 1043.82 2261.61
107 1526.39 524.40 1136.19
10 7 1169.72 502.94 1089.71
10 " 120.84 0 0
10 ™ 106.23 82.24 178.18
10 80.15 0 0
Fig. 14 FE mesh around an interfacial corner between molding resin and Al © 1524.20 586.23 1270.16
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