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Solid Modeling of UBM and IMC Layers in Flip Chip Packages
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| Abstract |

UBM (Under Bump Metaliurgy) of flip chip assemblies consists of several layers such as the solder wetting, the
diffusion barrier, and the adhesion layers. In addition, IMC layers are formed between the solder wetting layers (e.g.
Cu, Ni) and the solder. The primary failure mechanism of the solder joints in flip chips is widely known as the fatigue
failure caused by thermal fatigues or electromigration damages. Sometimes, the premature brittle failure occurs in
the IMC layers. However, these phenomena have thus far been viewed from only experimental investigations. In this
sense, this paper presents a method for solid modeling of IMC layers in flip chip assemblies, thus providing a
pre-processing tool for finite element analysis to simulate the IMC failure mechanism. The proposed modeling method
is CSG-based and can also be applied to the modeling of UBM structure in flip chip assemblies. This is done by
performing Boolean operations according to the actual sequences of fabrication processes
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Fig. 1 Tiw/Cu UBM structure(1,2)
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Fig. 2 Microstructure of IMC
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Fig. 3 Heterogeneous primitives

(b)



=F% Vol.16 No.6 2007. 12.

=1 L. 6]_1‘:41;3’
CSG J4F E%l%z} UWME 2 WM B wEl2
hagh PAF me 7hof £2)9l(Boolean) 2+ A -&3}o]

Fig. 49} Zro] @I} E3] Aok e 7k7ke] o]dbA]
B8 A AEYRY AHE Bysted 2AE
P gt

Fig. 404 Eeldd A¢fof o3 Bdele 94 nde F

A
7he} AR Aol tgk 715X (weighting factor) H 7
HoE RHE9 A AuAE n/fHsR sk 71
(distance-based weighting function) 522 A ECH

2,2 BY ZASKDiscretization)
FG AR A5 AAREY W2 TR B
¥ 2dE AdRW(stepwise)©] A BYE WG 7HA]
b BYR WEse S @ od 49
AR fretad SiAE gt mdof A4 gl AA| *JW&
gt FAAL WAl Gasier AR o] A gAZ
B4 29 Yo AU -5 Fig 542t 7‘01 3
AR RN Adrefe) Edd ez W
g 51 AT = 02(20%)8 EEA xﬂ
LASE A7) ceil(floor) AR @ 271

2
oftt oBL‘

LA
& 7hsdt &
. Fi

(G}, M)

(6L MU (GRM,) = (Gy Gy, M, B M)

M &M, = My Y Mygua ¥ Maguy

Fig. 4 Union between two primitives

183

(intermediate discretization) Ak} 345 B
= v BAR Yshe Helol AU
% _{L\.;(}XJ oy xﬂlo}oq Etﬂ_q zﬂ}\]—o Fl

st e,

ol Fape] ol FAI0] 7 2ol GoIA 2] B4
(S4A%, ok ¥, SBFAHE ANT Bast et
HE AR B4 B FHOF DRH RFS Table
13} 2t

getesnuy

Jz
o

rEzEE AL
A, v A g Ee T H

Volume fraction

Parameter

(b) Intermediate

0 Parameter 0

(a) Ceil(Floor)

Fig. 5 Discretization of composition function

Fig. 6 Discretization of geometry

Table 1 Property estimation rules

Volume Fraction Micromechanical Models

Dilute approximation method

Kerner's equation, Mori-Tanaka method,
Tamura method, Self-consistent method,
Modulus based rules, Voigt and Reuss
models

0.3
0.9

0.7 Fuzzy logic method




Fig. 7 Finite element modeling
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Fig. 8 UBM modeling

Ni-Sn IMC

Cu-Sn IMC

(b)
Fig. 9 IMC modeling
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(b) Linear

(c) Parabolic
Fig. 10 Region discretization of UBM
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Fig. 11 Finite element model of UBM
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