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Analyses of Fracture Parameters and Prediction of Crack Propagation Path
on Delamination in the LSI Package

Nam Yong Chung*, Cheol Hee Park’

‘ Abstract |

This paper presents a method of calculating the stress intensity factor (&) and crack propagation direction (6,)
at the crack-tip that is associated with delamination in the large scale integration(LSI) package. To establish a reasonable
strength evaluation method and life prediction , it is necessary to assess fracture parameters under various fracture
conditions. Therefore, we conducted quantitative stress singularity analysis considering thermal stress simulating the
changes of crack length (a), (h) and (v) in delamination using the 2-dimensional elastic boundary element method

(BEM), and from these results predicted crack propagation direction and path.
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Table 1 Mechanical and physical properties of materials

AN

Mechanical , ., | Coefficient
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properties . of thermal
. modulus | ratio .
Materials o E[GPa] expansion
12 _6 /9
LSI package a(10%C)
Si chip 200 0.3 3.0
Die pad 150 0.3 5.0
Resin 15 0.35 30
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Fig. 5 Crack-tip stress field in the bonded dissimilar
materials
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Fig. 7 Crack propagation direction at crack-tip A without
delamination
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Fig. 13 Stress singularity factors at crack-tip A,B and
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Table 2 Fracture parameters at crack-tip A, B with
horizontal delamination

Horizontal delamination

Crack tip : A Crack tip : B
Crack:
a(mm) a/h K4 Ky 0,(%) Kz Kop
(MPa/mm )| (MPa/mm) 0 (MPa/mm) | (MPa/mm)
0.1 | 0.1 1.767 0.6787 -34 0.995 2214
03 |0.15 0.292 0.175 -46.4 0.119 0.651
0.5 |02 0.0272 0.1035 -64 0.1001 0.572
0.7 10.25 0.023 0.092 65.85 0.046 0.291
1 0.3 0.0204 0.0641 |-64.58 0.019 0.249




Table 3 Fracture parameters at crack-tip A, C with
horizontal delamination

Vertical delamination

Crack: Crack-tip A Crack-tip C
length| a/v Ku K 0,) Kic Kae
a(mm) (MPamm)| (MPa/mm)| 7 |(MPu/mm ) |(MPu/mm))
0.1 | 0.1 0.0375 0.0502 |-57.15 4.28 5.041
03 |0.15 0.0267 0.0286 |-54.16 2.405 2.493
05 |02 0.017 0.0179  |-53.90 1.905 2.09
0.7 [025| 0.0155 0.0152  |-52.83| 1359 1.86
1 0.3 0.0081 0.0056 |-46.79 0.398 0.458
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Fig. 14 Prediction of crack propagation path in LSI
package

Table 4 Fracture parameters at crack-tip A, B and C with mixed delamination

Mixed delamination

Crack: Crack-tip A Crack-tip B Crack-tip C
length | (a/h, a/v) Kia K 0,(°) Kip Kop Kic K
a(mm) (MPav/mm) | (MPa/mm) | ° (MPav/mm) | (MPa/mm) | (MPax/mm) | (MPa/mm)
0.1 (0.1, 0.2) 0.246 0.090 -33.39 0.037 0.417 0.038 0.021
03 |(0.15, 0.4) 0.189 0.062 -31.02 0.065 0.358 0.068 0.051
0.5 0.2, 0.6) 0.092 0.036 -34.87 0.112 0.082 0.069 0.064
0.7 1(0.25, 0.8) 0.077 0.043 -42.54 0.044 0.066 0.031 0.009
1 0.3, 1) 0.013 0.005 -34.49 0.011 0.013 0.017 0.008
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