1302 =

XAl o] &3 WB-PBGA 37]A 9]
ZEWst 9 il dig A4

CO0TL 9 5 1, 20024 4% 390 HAbsh)

F g - Bongtae Han'
3] <

Thermo-mechanical and Flexural Analysis of
WB-PBGA Package Using Moiré Interferometry
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Abstract

Thermo-mechanical and flexural bebavior of a wire-bond plastic ball grid array {WB-PBGA) package
are characterized by high sensitive moiré interferometry. Moiré  fringe  pattemns  are recorded  and
analyzed for several bending loads and temperatures. At the temperature higher than 1007, the
inelastic  deformation in selder balls become more dominant, so that the bending of the molding
compound decreases while temperature increases. The deformation caused by thermally induced bending
is compared with thut caused by mechanical bending. The strain results show that the solder ball
located @1 the edge of the chip has largest shear sirain by the thermal load while the maximum
average shear strain by the bending moment occurs in the end solder.
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Fig. 1 Schematic diagram of an interferometer for

moir¢ interferometry
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Fig. 2 Schematic diagram of a sectioned WB-

PBGA package assembly
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assembly In four point bending assemably by temperature change

~a 80T
~a 1G0T
10 11— 1250
-g— 80°C{down
— 20 Cldown}
e - 20 Clcdnwny)

M
ren
=
B 114

o

acement fomi

Displacement §

G )
& [»)
s ]
o ~15
0 2 3 A 5 & 7 s} 1 2 ] 4 5 [ 7
Sokder Ball Number Solder Bal Numper
Fig. 6 Bending displacement distributions in the Fig. 8 Bending  displacement  distributions by

four point bendmg temperature  change



Ternpeatas

Fig. 9 Tip displacement according 0 the bending

foad and thermal load

ol

H

9} RwEvE 283
Vi Aol gk
2 ¢k A

FaOrE B4 i

maolding compound %
. PCB obdl & QbR g

gk i

L )9 B
s e

20
peod

off

VPRSI Fig. 100 4]
el (k=5 mm~3S mm i
AUk o] ¥glel wlgof

ol wl R KL 2 ol
A AE B vk

1O 74

,1‘; /i[ % Q] 5’ ol ; o 5}

wo%ic

sl
s

dl shadn ot obah & 1 Sl ie ol £ i
w o ubdrel vRE o glele] He 28 molding
compound®t PCB fu] Hel guids

ojurk T grolial 4y

1307

Drglance ¥

Flg. 10 Longitudinal strain distributions along  the

top of the molding compound

{943

> h
—

~a

b &-
o mE

Shear strain, yxy(9

8 -6 =4 -2 0 2 4 6 8§
Solder Ball Number
Fig. 11 Average shear strain distributions for WB-
PBGA solder balls

! § }(,} A}‘
1l
ol
e



1308

At gle

Fi3:

10T <

1A Slol | 7

ghad
G

o} fiofr

Wl s A
R

34

A A L ghed

@

Yol alis
7R LL b RGOl A gkaveled

Akl s 4y b i dd

uh4g 19}

o]

& ORU2-2000-00304381 4] %

olel shAlzk olui il Al miuul,

(13 Darveaux, R. and Mawer, A., 1995, "Thermal and
Power Cycle Limit of Plastic ball grid array (PBGA)
assemblies,” Proc. Surface Mount Int. Confl, pp. 315~
326.

(2) Skipor, AF., Harren, S.V, and Botsis, 1., 1996, "On
the Constitutive Response of 63/37 Sn/Pb Lutectic
Selder,” ASME. J. Eng. Mater. Technol., Vol. 118, pp.
I~1it.

(3) Corbin, LS. 1993, "Finite Element Analysis for

Selder  Ball  Connect {(SBCY  Structurad
Optimization, "IBM 1. Reseavch Development, Vol, 37,
pp. SRS 396,

(4 Lee, T

Analysis

design

. Lee, J.oand Jung, L, 1998, "Finite Flement
for Solder Ball Failures in Chip Scale
Packages.” Miroclecrronics and Reliability, Yol. 3§,
No. 12, pp. 19471~ 1947,

(53 Post, D, Han, B, and Ifju, P., High Sensitiviiy Moiré
o Experiental Analysis for Mechanics and Morerials,
Springer-Verlag, New York,

(6} oo, J. W, Chat S. E. and Shin, D. 1,

of

2001,

"Deformation Analysis Composite-Patched
Conerete Using Moiré  Taterferometry,” Transactions
of the KSME, A, Vol. 26, No. 1, pp. 160~ 170,

(7) Post, D, Wood, J. D., Han, B. Parks, V. 1. and
Gerstle, Ir, F. P, 1992,

Bimaterial An Experimental Analysis,” J

"Thermal Stresses in a

lomt
Applicd Mechanics, Trans. ASME, Vol. 61, pp. 192~
198.

%) Y. Guo, D. 3. 1992, "Thick
Compasites in Compression: An Experimental Study

Post and Han,

of  Micro-mechanical  Behavior and  Smeared
Engineering Properties,” ). Composite Material, Vol.
26, No. 13, pp. 1930~ 1944,

(9 Guo, Y., Lim, CK Chen, W.T. and Woychik, C.G.,
1993, "Solder Ball Connect {(SBC) Assemblics Under
Thermal Loading: I Deformation Measurement via
Moir¢ Interferometry, and lts Interpretation, “/BAM 1.
Research Development, Vol. 37, pp. 635 ~648.

{10y Han, B. and Guo, ¥ _.,1995, Thermal Deformaiion
Analysis of Various Electronic Packaging Products by
Moir¢ and Microscopic Moiré  Interferometry,” ./
Elecironic Packaging, Trans. ASME, Vol. 117, pp.
185~ {91,

(1) Han, B., 1998, "Recent Advancements of Moire
and Microscopic Moirélnterferometry  for Thermal
Deformation  Analysis of Microelectrics  Devices,”
Experimental Mechanics, Vol. 38, No. 4, pp. 278~
288.

(12) Stout, E.A, Sottos, N.R and Skipor, AF. 20060,
"Mechanical Characterization of Plastic Ball Grid

Array Package Flexure Using Moiré Interferometry,”

LEEE Trans. on Advanced Packaging. Vol. 23, No. 4,

pp. 637~ 645.



