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Hygrothermal Cracking Analysis of Plastic IC Package

Kang Yong Lee*, Ji Hyuck Yang®

ABSTRACT

'The purposes of the paper are to consider the failure phenomenon based on delamination and crack when
the encapsulant of plastic IC package under hygrothermal loading in the IR soldering process is on elastic
ard viscoelastic behavior due to the temperature and to show the optimum design using fracture mechan-
icss. The model for analysis is the plastic SOJ package with a dimpled diepad. The package model with the
perfect delamination between chip and diepad is chosen to estimate the resistance to fracture by calculat-
ing J-integrals in low temperature and C(t)-integrals in high temperature with the change of the design
under hygrothermal loading. The optimum design to depress the delamination and crack in the plastic IC

pi ckage is presented.

Ksy Words : Plastic IC Package(Zet48 IC #7]A1), Crack(#4), Hygrothermal Analysis(5€84), Elasticity
Analysis(84314), Viscoelastic Analysis (BEM#A), J-integral(J-AE), C(t)-integral(C{t)-A ),
Creep Behavior (284 %), Thermal stress(¥-53), Vapor Pressure(%71%}), Delamination (¥}2})
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o A®3 Fdsy Fig. 13 & SOJ(small outline
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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%10° 1.05x10°
Thermal expansion s B a1 1OX10T | a1 49%107
coefficient ( /Ty | OO | OBXIOT k107 | as s 24x10°
245x10"(25T)
Young's modulus W <10" 20%10°(70°C) o
y ; 12x10°(23T
) LaS 107 | LBBXI0T o g00s0t) @0
10X 10°215C)
Poisson's ratio 03 0.28 023 0.3
Glass transition 133145 %
temperature( C)
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Fig. 2 measured temperature profiles
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Fig. 3 Stress concentration points
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Fig. 4 Variation of Mises equivalent stress during reflow sol-
dering process under thermal loading

vapor pressure
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Fig. 5 Moisture absorption model
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Fig. 6 Change of vapor pressure with contamination factor
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Table 2. Creep constants of EMC

below Tg above Tg
A 1.0x10® 50%10™
n 25 1.2
* au‘
c@)= jre W, dy - E(j;x—)ds 3
o714
W = J’;’" o, dé; 4

W, & 5

T 8 0,9 ¥YE £,9 #59d BY QX &
9% (strajn energy rate density)olz, I, & 32 A
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Fig. 8 Crack tip modeling

Diepad

I~ A

Crack N

Fig. 9 Crack direction

Table 3. Maximum J-and C(t)-integrals for each contour

[ Contour Maximum J-integral Maximum C(t)-integral
number (MPa mm) (MPa mm/sec)
i 1 0.3660 0.01302
2 0.3600 0.01336
e 03635 001343
4 0.3636 0.01349
i 5 0.3622 0.01356
FEo A B 0°~ 907 Atolel A Z& F7|¢tol
% *J!o € A%l Tg clatdlMe J AEE, Tg oA
C(t) Aeats Az st ggwgoz Z3€rh

11‘5%’.0]‘—‘:— 0.15 mm(kinked crack length / main
crack length = 0.02)2 7138t} &8 E5E Al
F7 A5 0.52 7MA st 24 AEAAIWE( 0
22.5°, 457, 6757, 90°)9 W3l wE J AEHG &
Clt) BEZE Fig. 119 EFcth Axd J BEg &
Clt) HEFE 2420 EHHolgh= A& Table 3904
o g 8len, g7 A2MF = Fig. 89 AEATAA
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Fig. 11 Changes of J-and C(t)-integrals with the crack direc-
tion during the reflow soldering process
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Fig. 12 Changes of J-and C(t)-integrals during the reflow sol-

dering process
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Table 4. Change of maximum J-and C(t)-integrals with the
variation of the material of diepad and leadframe

Maximum J-integral Maximum C(t)-integral

Materfal below Tg (MPa mm) above Tg (MPa mm/sec)
alloy42(present) 0.3635 0.01343
copper 0.6152 0.01328

A 0.75mm, 0.5mm, 0.35mm= A A 319E o
sEAEA ol bslE B 28] 98 3tF slolxg Azt
Wl wg Ao J AEa 2 Clt) AE#S Fig. 134
etk AR EMCY 77} skold 45 3
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SolE= EMCE 47 0.75mm¢! %2 C(t) AE#%
ol 7} ot HA9 FAYE BHAFT. 12y ELE
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Fig. 13 Changes of maximum J and C(t)-integrals with the
thickness of EMC during reflow soldering process
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Table 5. Change of maximum J- and C(t)-integrals with the
ratio of chip to diepad size

Ratio Maximum J-integral Maximum C(t)~integral
below Tg (MPa mm) above Tg (MPa mm/sec)
0.906 0.3002 0.01297
0.938 0.3430 001306
0.971(present) 03635 0.01343
0.986 0.3630 0.01351
1.000 0.3597 0.01387

Table 6. Change of maximum J- and C(t)-integrals with the
ratio of chip to diepad thickness

Ratio Maximum J-integral Maximum C(t)-integral
below Tg (MPa mm) above Tg (MPa mm/sec)
2.250(present) 0.3635 0.01343
2483 03423 0.01389
2769 0.3485 0.01460
3130 0.3828 0.01478
3.600 0.4276 0.01564

Table 7. Change of maximum J- and C(t)-integrals with the
location of chip and diepad

Location of chip and

Maximum J-integral

Maximum C(t)-integral

diepad below Tg (MPa mm) above Tg (MPa mm/sec)
0.08mm up 0.3179 001173
present 0.3635 0.01343
0.08mm down 04113 001514
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Fig. 14 Comparison of J-and C(t)-integrals for the packages
with the flat and dimpled diepads under reflow sol-
dering process
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