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Application of Stress Optimization for Preventing the Delamination
of the Plastic IC Package in Reflow Soldering Process
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Abstract

In order to prevent the interface delamination of an plastic IC package in the infrared(IR) soldering
process, we tried to reduce stress by parameterization, sensitivity analysis and unconstraint optimization.
The design variables of dimensions and material properties are determined among all the possible
variables from the parametric study. Their optimized values are determined by applying the
unconstraint optimization to the parameterized IC package. The maximum von-Mises stress value
decreases greatly by optimum design.
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Table 1 Material properties of IC package
Lead-frame L Adhesive
(alloy 42) Chip(Si) EMC (Ag-epoxy) A
Specific heat B
kg ) 502.4 699 1050 0.234 I D
Conductivity < C
coefficient 14.65 148 0.735 374
(W/m )
Density(kg/n?) | 8.1x10° | 2.33x1¢° 1.9%x10° 1.05%10°
Fig. 3 Stress concentration points
Thermal . - . .
expansion | 0.45x10™ | 0.26x10™ Z‘ : i'giig.s o :;'4928'4
coefficient ( /T) 2 f2 -2
1800
1600 4_‘
Young's 2.45X10(25C) — Q;nm
10, 1400 i
modull;s 1.445X%10"| 1.88x10" 12 .(;):11(?‘“((175%2)) 1.2x10%23°C) 3 m} :_32}""{
(N/m) LOXI0°2150) £ o
5
Posson's ratio 0.3 0.28 0.23 0.3 %
3
Glass transition 133-145 36 z
temperature( ),
w 100 150 ?0:
L N Time(sec.)
m - 4
= | g B . . .
w L &)\ Fig. 4 Variation of von-Mises stress during
0wl 33;'/- ) \A:;, reflow soldering process Inc.
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Table 2 The 12 design variables of IC package

Variable Symbol Lead frame
EMC thickness Fame gMc | B
Diepad thickness tpad E = - A
Adhesive thickness tusne Diepad
Chip thickness tehip
EMC Young's modulus E e
Fig. 9 The definition of EMC thickne
EMC CTE Ceme
Diepad Young's modulus By EMC2 F7 € Fig. 99 o wpe}p Zo] W=
Diepad CTE pod Bejdn.
Chip Young's modulus Eeny i
, 5. &\ B4l
Chip CTE chip
Adhesive's modulus Eoine IC AAAE 98 AAFTAE 49 B4 A
Adhesive's CTE e 2 AANSE Ze uAg HH3 ZAZA
749 £ A Fig. 7904 B HH3} HAF
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Table 3 The present values of dimensions and

material properties of IC package

IR

Table 4 Comparison of the results of design

variables and stress response

Variable Value
EMC thickness (mm) 1.0
Diepad thickness (mm) 0.20
Adhesive thickness (mm) 0.0254
Chip thickness (mm) 0.46
EMC Young's modulus
EMC CTE
Diepad Young's modulus
Diepad CTE
Chip Young's modulus See Table 1
Chip CTE
Adhesive's modulus
Adhesive's CTE

A gte] 30%= 3ok, HAH3
A0 %, 25C)dA Hd-gH
Hazlste A9¢e uydd. dysE o A
Ao} Azl d g2 g FAFL Hdo
2 & A Hugy e FANE
7] W &Eo|thFig. 4). Table 4olr REo] HH3}
Fol Ao BRE HUgYe AA ZATh
a8y oA % EMCY 7tE, 98 Mpa BT At}
o]AL HAZHUHE FH&HI] HAFE ouF
o} gEE $REy] §iste] AZolA E a2
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Ao} g}

370 WAEA B AR (Laghe, %o and Fpad)=
2Ago) Ao 9L JAA Feuds AL
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o8 F9Ech Z 9719 12709 AW 3
F39 Ango] 2ok ® Solg A& /9 A
W] ghe HA3 Foz W] Ut
Co]g 509 o] soy SR s dHE &
A& FYsHch o] AfelM FIA Fade
W3lel FaFig. 8y 159 239 A Erh

Takashi S®& EMCY e84 ASFE 2A 3
of &g FAENEH 1R B AT A3
Eig=

mlo 2]

Case optimized design Aloptimized design B
. Present design with with
Variable 9 design variables | 12 design variables
Lome 10 0.7 0.7
Lehip 1.0 0.7 0.7
Lad 1.0 1.0 1.0
Eeme 1.0 0.7 0.7
Epip 1.0 0.7 0.7
Eoua 1.0 1.3 1.3
Eqie 1.0 1.3 1.3
QXopng 1.0 0.7 0.7
@ gghe 1.0 0.7 0.7
Lodpe 1.0 1.0 1.0
Xpad 1.0 1.0 1.0
cpip 1.0 1.0 1.0
TGl 1573 5.43 5.43
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