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Strength Evaluation of Plastic Packages during Solder Reflow Process

Isao ARASE, Yuya UENO, Toru IKEDA*¢, Noriyuki MIYAZAKI
Mami NAGATAKE, Nobutaka ITO and Mitsuru SATO

*¢ Kyushu University, Dept. of Materials Process Engineering,
Hakozaki 6-10-1, Higashi-ku Fukuoka, 812-8581 Japan

A crack initiated from a v-notch corner in the molding resin such as a corner of die pad is one
of the main causes of the failure of plastic packages. The stress intensity factors of the asymptotic
solution of a corner of jointed dissimilar materials are utilized for the evaluation of a solder reflow
crack in a quad flat package (QFP). At first, we estimate the critical vapor pressure, which causes
a crack from a corner in the molding resin, using the critical stress intensity factor of a v-notch
corner measured by v-notched three points bending tests and the displacement extrapolation method
with the three dimensional (3-D) finite element method (FEM). Moisture concentration in the QFP
after absorbing moisture is analyzed, and vapor pressure caused by the solder reflow process is
estimated. The critical moisture absorption time, which results in crack occurrence during the solder
reflow process, can be predicted by this evaluation technique. Furthermore, we perform infrared
solder reflow tests of the QFP for verifying the present failure evaluation technique.

Key Words: Structual Analysis, Finite Element Method, Fracture Mechanics, Electronic Equip-
ment, Plastic Package, Solder Reflow Process
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Fig. 1 Reflow crack in an electronic device
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Fig. 3 V-notched three points bending specimen

Table 1 Material properties and measured critical stress
intensity factor of a v-notch for the molding resin at each
temperature

T(T) 20 100 240

E (GPa) 18.6 15.8 1.07

v 0.4 0.4 0.4

CTE( X10-6 /K) 13 13 49
Kyj1.c (MPa: m0436) 4.45 3.91 0.54

T: Temperature, E: Young's modulus, v: Poisson's ratio, CTE:
Coefficient of thermal expansion, X, ,, . Critical stress in-
tensity factor of a v-notch
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Table 2 Observation of the QFP after solder reflow process-

Absorption |  Absorbed Observation after
Time (hr) | Water (mg) Solder Reflow Process
6 6.78 Partial delamination around a comer
12 8.61 ‘Whole delamination under die pad
24 11.75 Whole delamination under die pad
48 13.93 Whole delamination under die pad
96 16.98 Crack occurrence from a corner

Fig. 6 Observation of reflow crack

»Y) 7O—RETIE, F4/8y FEBEOR (THH)
LARITIZ C BEDSHE U T A 7%y oo fERH B AE s~
XBUHRE LTV 96 BRRBDZED /Ny T =7
YA O REHEMBEEE LK 6 (R T. HHIIBNT,
XBIBLBAINTNSE, ZOKER,S, V70—
25 v 71385C./ 85% DWLIE S T 48 ~ 96 BE DIk
BETBICRETAKRBREICL > TRET S Z
b hroiz.

5.2 1Ny =T OISR AT AR 1|
DI B, KEFRDER LB IEEIED 5 1
Ry N EDESAROILTIBF 2 FERERLEZHWT
7wy, 2EEIR L AAEAAMERIC L ) 478y Fimi
OBBER O YL RERE R L.

5.2+1 SHEWREGE BB, K708
TEIR 1 28T VERV: R, K8 I
MY I Ry r—J2K01 /4T VERV
KT % EREFRELH VT - 72, WEEME,
BT LD RRRE ST A MM ER SR, B
B, BB EREERIIIRT.

Eggeﬁ Lower Face
AN
Resin :
O v
‘Zz::::::t'::::::x:i::::::.”:<B
f /
/
Delaminated Vapor Pressure

Face of Resin
Fig. 7 Boundary condition of the 2-D model of QFP

Molding Resin
(Upper Portion)

Molding Resin
(Lower Portion)
Fig. 8 3-D symmetrical quarter model of the QFP

Table 3 Material properties at 240C

Si Chip 42-Alloy Molding Resin
E (GPa ) 188 147 1.07
v 0.3 0.25 0.4

E: Young's modulus, v: Poisson's ratio,
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