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Visco-Elastic Fracture Analysis of IC Package under Thermal
Loading

Kang Yong Lee*, Ji Hyuck Yang*

ABSTRACT

The purpose of the paper is to protect the damage of plastic IC package with searching the cause of the
fracture due to the delamination and crack when the encapsulant of plastic IC package is on viscoelastic
tehavior with the effect of creep on high temperature. The model for analysis is the plastic SOJ package
vith dimpled diepad in the IR soldering process of surface mounting technology. The risk of delamination
vith calculating the distribution of viscoelastic thermal stress in the package without the crack in the sur-
face mounting process is checked. The package model with the perfect delamination between chip and
ciepad is chosen to estimate the resistance against fracture in thermal loading with calculating C(t)-inte-
grals according to the change of the design. The optimum design to depress the delamination and crack is
rresented.

Key Words : Plastic IC Package(Fa&t28 IC #7]A)), C(t)-integral(C(t)-HE), Visco-Elastic Analysis(3&
A #14), Thermal Stress(¥-&3), Crack(¥%), Delamination(®e])
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Fig. 1 SOJ plastic package

Table 1 Material properties for stress analysis

Lead-frame ) .
(alloy 42) Chip EMC Adhesive
Density(kg/m') 81x10° 233%10° 19%107 1.05%10°
Thermal expansion 5 o | @1:10x107° | ay:49x10°
.45 % 0.26% ..
coefficient /Ty | OBXIO %10 a2 45%10° | a4 : 24x10°
2.45%10°(25T)
Young's modutus " | 20%10°(70T)
/) 1.446x 10 1L88x10" | O oty | 12X 10%(23T)
10x10°215C)
Poisson’s ratio 03 0.28 023 03
Glass transition 1%8-145 %
temperature( C)
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Fig. 2 Stress concentration points
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Fig. 3 Variation of Mises equivalent stress during reflow sol-
dering process

Table 2 Comparison of maximum von-Mises equivalent
stresses for packages with dimpled and flat diepads

Maximum von-Mises equivalent stress (MPa)
Location
dimpled diepad flat diepad
A 93.21 8.17
B 98.22 87.70
C 71.68 70,01
D 73.76 70.67
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Table 4 Maximum C(t)-integral for each contour in 0.0°
crack direction

contour number l Maximum C(t)-integral(MPa mm/sec)
13 0.006727 B
2 0.006772
3 0.006827
4 0.006875
5 0.006909

Table 5 Change of maximum C(¢)-integral with the variation
of the material of diepad and leadframe

Material Maximum C(t)-integral (MPa mm/sec)
alloy42(present) 0.006827
j copper 0.005688

Table 6 Change of maximum C(f)-integral with the variation
of the Young's modulus of EMC

Young's modulus (GPa) Maximum C(t)-integral (MPa mm/sec)

24.5 (present) 0.006827
200 + 0.006478
15.0 | 0.008065
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Table 7 Change of maximum C(t)-integral with the variation
of the thermal expansion coefficients of EMC

T

Maximum C(t)-integral (MPa mm/sec)

EMC (present} 0.006827
EMC 1 0.011258
EMC 2 0.013585

Table 8 Change of maximum C(¢)-integral with the thickness

of EMC
Thickness of EMC (mm) | Maximum C(t)-integral (MPa mm/sec)
| 1.00(present) T 0.006827
- 0.75 0.004254
0.50 0001923
035 1 0.001360
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Table 9 Change of maximum C(¢)-integral with the ratio of

¢chip to diepad size
| Ratio Maximum C(t)-integral {(MPa mm/sec)
0.906 0.005192
0.938 0.005588
0.971(present) 0.006827
0.986 0.007257
1.000 0. 007& S

Table 10 Change of maximum C(f)-integral with the ratio of
chip to diepad thickness

Ratio Maximum C(t)-integral (MPa mm/sec)
2.250(present) 0.006827

2483 0.007268

2769 0007688

3130 0.009382

3.600 0.009784

Table 11 Change of maximum C(?)-integral with the location
of chip and diepad

location of chip and diepad | Maximum C(t)-integral (MPa mm/sec)T

0.08mm up 0.006090
present 0.006827
0.08mm down 0.007931
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