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ABSTRACT: Finite element analysis of a plastic bail grid array (PBGA) package with different solder alloys 
was carried out in a simulated thermal cycling loading. The results indicated that high constraint was associ
ated with the joints closest to the edge of the silicon chip, especially for the 97.5Pb2.5Sn alloy. On the other 
hand, high inelastic strain was developed in the joints close to the package center for the 60Sn40Pb and 
96.5Sn3.5Ag alloys. 

1 INTRODUCTION 	 dependent steady crecp response and damage evolu
tion. 

Ball Grid Array (BGA) has been increasingly used to 
replace the traditional Pin Grid Array (PGA) tech 2 NUMERICAL ANALYSIS 
nique to further reduce the footprints and increase the 

2.1 Materials propertiespackaging density. Recently, explosive growth in the 

development of this emerging technology has been A typical PBGA package was analyzed and the di

devoted to Ceramic BGAs (CBGA), Plastic BGAs mension of the package is the same as that in Jung et 

(PBGA), and Tape Automated Bonding BGAs al. (1997). The schematic showing the diagonal 

(TBGA). As bismaleimide triazine (ET) resin is cross section view is shown in Figure 1(a). 

cheaper than ceramic substrate and has a lower di


Si chip
electric constant, more attentions have been paid to Epoxy ~ 
the PBGA technology. For both flip chip and BGA •..•...•..,W BT'technologies, the main interconnection technique is 
called Surface Mount Technology (SMT) in which I PCB A C 

\.solder joints are employed to connect chips and pack (a) 
ages to substrate and printed circuit board (PCB). Be
cause of the extreme mismatch in the coefficients of 
thermal expansion (CTE) between the silicon die, 
solder alloy and substrate materials, thermal
mechanical stress will be developed in a package dur
ing thermal cycling. Compared to traditional 
Through-Hole Technology (THT), the high packag
ing density and weak support from the foot area asso
ciated with SMT, especiaUy in BGA method, make it 

(b)
more difficult to inspect and analyze the reliability of 

Figure I. (a) Scbematic of the PBGA assembly in diagonal
solder joints. Therefore, it is necessary to predict the direction, and (b) locations of elements 4291 and 4700 in the 
potential failure sites in BGA packages for product solder joints. 

design. To this end, a thorough understanding of 
stress-stain distributions in a PBGA assembly is es The silicon chip is mounted on a BT substrate and 
sential. In this work, solder joints in a plastic ball grid encapsulated with an epoxy molding compound. 
array (PBGA) package are analyzed based on exten The substrate materials then were connected with 
sive finite element analysis with both temperature- the printed circuit board (PCB) with solder joints. 
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The ball diameter of the solder joint was 0.71mm 
with a height of 0.36nun. Three conventional solder 
alloys, 60Sn40Pb, 97.SPb2.5Sn and 96.5Sn3.5Ag 
were analyzed. The material properties of the silicon 
chip, epoxy molding compound, substrate and sol
der alloys can be referred to work of Yan e/ at. 
(2001) & Lau (1995). Thermal load was applied to 
the package in terms of temperature cycles between 
-SSoC and 125°C. The holding time was 0.25 h at 
both the high and low temperature shelves. The total 
loading time was S h. 

2.2 Finite element analysis 

In this study, isotropic thermoviscoplasticity is in
troduced for modeling the response of rate inde
pendent plastic and time dependent creep deforma
tions. The multiaxial stress-strain relation is given 
by 

(I) 

where the total strain rate tensor is the sum of the 
elastic, plastic, creep and thermal strain rate tensor, 
respectively. The hyperbolic sine law is used to re
late the steady state creep rate to stress and tempera
ture during thermal loading. This yields the creep 
strain rate tensor as 

i =A[sinh(8a")]"exp(- ~), (2) 

where i. and (J' are the uniaxial equivalent creep 
strain rate and equivalent deviatoric stress, respec
tively. A, B, n are material constants. t1H and Rare 
acti vation energy and universal gas constant, respec
tively. All material constants in Eq.2 are given in 
Lau (1995). Large deformation finite element analy
sis was carried out with finite element code 
ABAQUS (Version 6.2). The diagonal plane was 
modeled since the corner solder joint is most sus
ceptible to fatigue failure (lung et al., 1997). Only 
one-half of the plane was modeled due to synunetry. 
Plane strain condition was assumed, 

3 RESULTS AND DISCUSSION 

The finite element simLl'lations showed that at a 
given temperature high stress an~train are mainly 
observed in the element 4291 (EL4291) of the cen
tral joint in the package (joint A) and the element 
4700 (EL4700) in the joint just under the edge of 
the silicon die (joint C), as shown in Figure l(b), 
Therefore, the results for the above two elements 
were reported in this paper. Figure 2 gives the varia

tion of equivalent plastic strain (PEEQ) for the 
EL4291 and EL4700 subjected to five cycles of the 
cyclic temperature load. 
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Figure 2, Equivalent plastic strain in (a) EL4291 , and (b) \. 
EL4700, 

The equivalent plastic strain in the EL429 I is higher 
than that in EL4700 for both 60Sn40Pb and 
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96,5Sn3,5Ag alloys, However, a higher equivalent 
plastic strain is observed in the EL4700 for the 
97,SPb2,5Sn alloy, The same trend was observed for 
the variation of equivalent creep strain (CEEQ) with 
temperature cycling, as shown in Figure 3, The ab
solute value of the equivalent creep strain is smaller 
than the equivalent plastic strain. Figure 4 shows the 
variation of shear stress (0'1 2) with the temperature 
cycling, where 0'0 is the yield stress. A very similar 
shear stress distribution can be observed in both the 
EL4291 and EL4 700, In other words, the shear 
stress distribution seems not sensitive to the loca
tions in the package. Figure 5 shows the variation of 
opening stress (normal to the PCB) with the thermal 
cycli.ng, A higher opening stress is associated with 
the E14700, which is located 
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figure 4. Shear stress in (a) EL4291, and (b) EL4700. 0.008 
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Figure 5. Opening stress in (a) EIA291 , and (b) EIA700. (a) 
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in the solder joint near to the edge of silicon chip. 
The study of Ohaffarian & Kim (2000) on 63Sn
37Pb BOA solder joint subjected to - 55°C-125°C 
thermal cycling showed that the failure mechanism 
was associated with the nucleation of voids in the 
solder alloy near the interface between substrate and 
solder joint. Our reeenl work on ductile fracture of 
metallic materials indicated that constraint (stress 
triaxiality) played a very important role in void 
growth (Yan & Mai, 1998). Huang el at (1996) 
pointed out that the high hydrostatic tension stress 
due to constraint and thermal mismatch and voiding 
could be identified as the failure mechanism in an 
electronic package. The rapid nucleation and growth 
of voids was called cavitation instability and it could 
lead to the fai ,lure of ductile components in elec
tronic packages s-uch as metallization. Huang et at 

(1996) a'lso estimated the cavitation stress for an 
elastic-perfectly plastic solid as ...,'" 

(3) 

wbere r; =3aa!(2EVj). E and Vr are Young's 
modulus and initial void volume fraction, respec
tively. Figure 6 shows tbe variation of cavitation 
stress with the initial void volume fraction. 
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Figure 6. Cavitation stress versus the initial void volume frac
tion. 

The cavitation stress decreases rapidly with increase 
of void volume fraction. Huang et at (1996) also 
sh.own that yield stress and hardening exponent had 
a little effect on the cavitation stress. Figure 7 gives 
the variation of stress triax iality (arr!ao) for the 

EL4291 and EL4700 subjected to five cycles of the 
cyclic temperature load. 
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Figure 7. Evolution of stress triaxiaiity in (a) EL429I , and (b) 
EL4700. 

The stress triaxiality in the EL4700 is much higher 
than tbat in EL429 I for all solder alloys. The stress 
triaxiality in the joint with 97.5Pb2.5Sn alloy is 
much higher than that in the joints with 60Sn40Pb 
and 96.5Sn3.5Ag alloys. In a first approximation, 
the stress triaxiality developed in the EL4700 with 
97.5Pb2.5Sn solder alloy is already comparable to 
the cavitation stress even at very low void volume 
fraction (Figures 6 and 7(b». Therefore, failure is 
expected to start from the solder joint close to the 
edge of silicon slip due to the higber stress triaxial
ity. Also, cavitation instability is mucb easier to oc
cur in the 97.5Pb2.5Sn alloy as compared to 
60Sn40Pb and 96.5Sn3.5Ag. Further experimental 
investigation on the failure mechanism of solder 
joints in BOA packages is needed. 
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4 CONCLUSIONS 

In this study, finite element analyses were carried 
out for a PBGA package with different solder alloys. 
The results indicated that high inelastic strain (plas
tic and creep) was developed in the joints close to 
the package center for the 60Sn40Pb and 
96.SSn3.SAg alloys. However, high opening stress 
and stress triaxiality were associated with the joint 
closest to the edge of the silicon chip for all three 
alloys studied. The stress triaxiality in the joint with 
97.SPb2.SSn alloy was much higher than that in the 
joints with 60Sn40Pb and 96.SSn3.SAg alloys. 
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