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Abstract

The reliability concerns of solder interconnections in flip chip PBGA packages are produced mainly
by the mismatch of coefficient of thermal expansion(CTE) between the module and PCB. Finite
element analysis has been employed extensively to simulate thermal loading for solder joint reliability

and deformation of packages in electronic packages.

The objective of this paper is to study the

thermo-mechanical behavior of FC-PBGA package assemblies subjected to temperature change, with an

emphasis on the effect of the finite element model,

material models and temperature conditions.

Numerical results are compared with the experimental results by using moiré interferometry. Result
shows that the bending displacements of the chip calculated by the finite element analysis with
viscoplastic material model is in good agreement with those by moiré inteferometry.
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Fig. 1 Schematics of the FC-PBGA package
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Table 1 Number of nodes and elements in the 2D
and the 3D FC-PBGA finite element model

1\1\2233 ; Model 3 Model 4
Nodes 2792 16758 16802
Elements 3059 17654 19601
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Table 2 Elastic properties of FE-PBGA package

Young's -
Part modulus P(;;St?éls CTE (x10°)
(MPa)
Chip 131000 0.30 2.3
Underfill 6600 0.25 33.0
26000 (x) 18 (x)
Substrate 11000 (y) 0.39 36.7 (y)
Eutectic
solder Eq.(1) 0.40 21.0
22000( x) 123 (x)
PCB | Y0000 (y) | 028 45 (y)

Tensile Stress (MPa)

0.0 0l 0.12
Plastic Strain

Fig. 3 Plastic strain-stress relationships of eutectic

solder according to the temperature
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Table 3 Anand constants used in the finite element

viscoplastic analysis

Parameter Units Wang
) stress (MPa) 56.33
Q/R 1/temperature (K'l) 10830
A Vtime (s™) 1.49¢7
S dimensionless 11
dimensionless 303
ho Stress (MPa) 2640.75
S Stress (MPa) 80.42
n dimensionless 0.0231
a dimensionless 1.34
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Table 4 Strains at the center of solder balls at the
temperature of 100C

Strain | FEM Strain (x10°)
comp. Model #3 44 45 46
Model 1 | 1549 | 1514 | 1625 | 1795
Model 2 | 1480 | 1464 | 1584 | 1687
©Y "Model 3 | 1424 | 1396 | 1528 | 1649
Model 4 | 1455 | 1434 | 1569 | 1734
Model 1| 87 | 190 | 334 | 161
Model 2 | 141 | 229 | 362 | 222
¥ "Model 3 | 164 | 301 | 493 | 234
Model 4 | 197 | 365 | 597 | 287

U displacement V displacement

M1
M2 K1 WA A A . r_: ISR INISIST
M3 eI : =

M4 Wi

Fig. 4 Displacement contours of the FC-PBGA package
at the temperature of 100°C calculated for

various finite element models
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Fig. 5 Bending displacement distributions along the
chip center of the FC-PBGA package at the
temperature of 100°C
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Table 5 Strains at the center of solder balls at the
temperature of 100°C

Elastoplastic Chip warpage (um)
Model T=100 C T=125T
. Moire 4.42 6.07
interferometry
BKIN 5.25 7.21
MKIN 4.98 6.44

U displacement

V displacement

Al freke s mdol o 3 385
5 HoFa Qi) whHe] Ao o3k g
Z4(Fig. 2)5 ol &(MKIN)3te] F3tar a4l gh
THS FAL Fold A 93 AP AT}
Z dA st Ae® UERTh feha s 9
sk S A Folwl A od HAF
Yol Al QAgh F4 Atol= Hdo] 0417 mE
el == 313t Table 55 2%=7F 100C<+
125CY of 27kA] &g Edlof] ok f3kas

0]
PR

Ao w3 (warpage)E Wlusle] HoFal

T} FoA] HiE uiel o] MKIN Edlo] BKIN
wdo Hl&] Ay o Z dAEe= AS &
T Aok oA EYEe] vAY BEAAXA ] AY
< FC-PBGA #7]#]2] dwld F3tai a4
Mo 2o wE gskst A EAAE AR
of stfh= AS & 4 Ak

33 2ol wE M A}

Fig. 72 2% S80°] 105C=2 S u, 3714
U2 2 27025 H A4e Ay E &
TE HoFa Yt AAHQ S HAe ¥

o ES A=l

_ 9.

MKIN = 0000000 / =

(a) T=100C

BKIN

MKIN =

(b) T=125T

Fig. 6 Moire fringe patterns and displacement contours
of the FC-PBGA package calculated with the
bilinear hardening model (BKIN) and multi-linear

hardening model (MKIN)
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Fig. 7 Shear strain contours of the FC-PBGA package
according to the temperature history (AT=1057T)
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PBGA package at the temperature of 100C
calculated by viscoplastic material model
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