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Abstract

Abstract

The aim of this research is to understand the failure modes and mechanisms of 

adhesive materials used to flip-chip bond a silicon die onto a polyimide substrate. The 

bonding material investigated in this research is called Anisotropic Conductive Film 

(ACF). This is a promising interconnection material and has gained extensive interest 

in the electronics packaging industry.

Both experimental and finite element analysis (FEA) methods were used in order to 

investigate the behaviour of the ACF materials when subjected to certain 

manufacturing and environmental testing conditions. The manufacturing condition 

investigated was a subsequent solder reflow process on an ACF flip-chip bonded 

device. The environmental testing condition investigated was the moisture test.

For the manufacturing condition, both experimental and modelling results 

demonstrate the impact of a subsequent reflow process on the behaviour of the ACF 

joint. Typical failures observed after this process were cracks at the pad/particle 

interface. This failure mode was more severe with a higher peak reflow temperature. 

This was also found using FEA where high tensile stresses were predicted in these 

regions. FEA modelling was also used to help identify the mechanisms leading to these 

failures. This is primarily due to the Coefficient of Thermal Expansion (CTE) miss- 

match in the materials and the elastic/plastic deformation behaviour of the conductive 

particle. Important design variables that can minimise these failures are the Young's 

Modulus and CTE of the adhesive and the height of the bump on the die.

For the environmental testing condition, an autoclave test at 121°C, 100%RH and 

pressure of 2atm was used. More than 85% of the ACF joints failed during the first 24 

hours of testing. The failure mode observed was cracking along the interface between 

the adhesive and substrate and pad. A macro-micro modelling approach was used to 

help identify the mechanisms leading to these failures. It was found that most of the 

damage is caused by moisture diffusion and associated swelling. Important design 

variables that will help minimise this mode of failure are: Coefficient of Moisture 

Expansion (CME) and Young's Modulus of the adhesive and the height of the bump 

on the die.
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Chapter 5 Modelling of the Effect of Solder Reflow on ACF Performance 

Chapter 5 

Modelling of the Effect of Solder Reflow 
on ACF Performance 

Experimental studies in Chapter 4 revealed that the solder reflow process had a 

substantial effect on the electrical and reliability performance of ACF flip chip 

assemblies. The change from tin-lead solder to lead-free solder results in an extra 20-

50°C increase in the reflow peak temperature. This could damage the flip-chip 

assembly and the ACF materials. In this Chapter, the performance of ACF assemblies 

is further studied using computer modelling techniques. A parametric analysis 

investigates the impact of adhesive material properties (CTE and Young's modulus) 

and geometrical height of the bump (or pad on the silicon die). This analysis shows 

that the CTE of the adhesive matrix is proved the most important design variable in 

minimising the damage in the assembly when sUbjected to higher reflow temperatures. 

These modelling results are compared with the experimental findings in Chapter 4. 

5.1 Computational Modelling 

The software package PHYSICA was employed to investigate the primary cause of 

the failures observed in the experiments. This work focused on modelling the 

thermally induced stress in the ACF joints as they passed through the solder reflow 

process. 
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Chapter 6 Hygro-Mechanical Analysis of an ACF Assembly in Autoclave Test 

6.1 Introduction 

Moisture is one of the most important factors that can affect the reliability of ACF 

components. Previous studies have revealed that the reliability of ACF components is 

strongly affected by moisture, which is predominantly considered as the most 

important factor of ACF component failures [8][9][10][11][12][13]. 

Previous modelling work [10][11][12] has been mostly limited to the analysis of 

simplified 2D models. Three dimensional models have focused on the micro-domain 

and ignored the global effects at package level, or they have modelled the whole 

package and used gross assumptions at the micro interconnect level [48][49][61][62]. 

The recognised difficulty here is that due to the vast range of length-scales in an ACF 

flip chip assembly, and the large number of conductive particles, an 'exact' model 

which includes all the particles and interconnections is simply not achievable with 

today's computer technology. 

In this study, a 3D macro-micro modelling method is used to overcome the 

difficulty caused by the multi-length-scale nature of this problem and to enable a more 

detailed 3D representation and analysis of an ACF flip chip assembly. Two models: 

the macro and micro models, with different mesh sizes were built. The macro model 

was used to predict the overall behaviour of the whole package under moisture 

conditions. The displacement obtained from this global model was then used to set the 

boundary condition of the micro model so that the detailed stress analysis in the region 

around the conductive particle and between the pads can be undertaken. 

6.2 Computer Modelling Technique 

The experimental work presented in Chapter 4 proved that moisture absorption had 

a large effect on the reliability perfonnance of ACF interconnections. In order to better 

understand the role that moisture plays on the reliability perfonnance of ACF 

lO7 





Chapter 6 Hygro-Mechanical Analysis of an ACF Assembly in Autoclave Test 

The boundary conditions applied to the local model can be obtained from the 

global solution with interpolation. Due to the difference in mesh refinement in the 

local region, there is a violation in equilibrium at the global/local boundary which can 

be eliminated with global/local iteration. However, in engineering practice, the initial 

global solution is often assumed to be accurate enough and no iteration is performed 

[104], therefore the present study assumes such engineering procedure. 

Sub-modelling is based on St. Venant's principle, which states that if a system of 

forces acting on a small region of a body is replaced by a different but statically 

equivalent system of forces acting on the same region, then such a replacement does 

not cause significant changes in the predicted stresses and displacements at points in 

the body remote from the region concerned [l 05][ 106]. It also implies that if the 

boundaries of the sub-model are far enough away from the stress concentration, 

reasonably accurate results can be calculated in the sub-model. This is the case with 

the sub-models used in the following analysis where the stress concentrations are 

located around the conductive particles. 

The procedure for a macro-micro modelling analysis consists of the following four 

steps: 

( I) Create the Global and Local Models: the global mesh refers to the mesh that 

models the entire structure. The local mesh refers to the mesh that models the 

local area of interest and is a more detailed mesh, designed to capture the local 

stress/strain variations. 

(2) Solve the Global Model: the global model is solved and the displacement 

results will be used to set up the boundary conditions for the micro model. 

(3) Interpolation between the Models: Interpolation of displacements from the 

global solution along the boundary of the local area in the global mesh is made 

in this step. The interpolation of data from the global mesh is necessary 

109 
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