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PENGUKURAN KEKUATAN PATAH DALAM PAKEJ PBGA DENGAN
MENGGUNAKAN KAEDAH UNSUR TERHINGGA DAN EKSPERIMEN

ABSTRAK

Pakej elektronik khususnya jenis 'plastic ball grid array' (PBGA)

mempunyai kegagalan retakan dalaman yang unik yang berlaku disebabkan

proses memateri. Kewujudan kelembapan setempat yang meresap ke dalam

pakej menghasilkan tekanan wap. Semasa proses memateri Jenis aliran

(215°C), kelembapan yang meresap akan mengewap dan kemudian

mengakibatkan retakan 'popcorn'. Oleh itu, kaedah berangka diperlukan untuk

memperihalkan rintangan patah dalam bentuk faktor keamatan tegasan (SI F)

geometri. Kemudian, kajian ke atas kekuatan patah bahan epoksi sebatian

acuan (EMC) menentukan keadaan sempadan untuk retakan pakej,

Dalam kajian ini, perisian Ansys telah digunakan untuk melakukan

simulasi taburan kelembapan dan terma demi menentukan tekanan wap pada

bahagian retak. Daya tekanan wap ini ditindak ke atas PBGA untuk

memperolehi SIF geometri dengan penggunaan kaedah penutupan retak

terubahsuai (MCCI). Didapati bahawa kenaikan tekanan wap dan penambahan

saiz lekangan menghasilkan SIF geometri yang tinggi. Perhubungan daya-

pemanjangan celah retakan yang diperolehi menerusi kaedah holoqrafik

interferometri (HI) dan daya kritikal D.E.R. 331 sebagai EMC telah digunakan

untuk menganggar kekuatan patah. Kekuatan patah D.E.R 331 ialah 0.488MPa

Akhirnya, kekuatan patah D.E.R. 331 ini telah dibandingkan dengan SIF

geometri untuk PBGA. Graf menunjukkan pelbagai keadaan sempadan

1·\ '\ ('III W 1'111.N(j Mcch 1·:Il�. LJS,\.1 0(,' - XXXI -



selamat pakej telah diperolehi. Daripada graf ini, boleh disimpulkan bahawa

PBGA masih selamat semasa proses memateri, iaitu tekanan wap 1.21 MPa

dan nisbah lekangan kurang daripada 0.6. Kegagalan pakej elektronik ini dapat

dikawal dengan pengurangan kesan tekanan wap dan lekangan antara

permukaan chip dan EMC.
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DETERMINATION OF FRACTURE TOUGHNESS IN PBGA PACKAGES
USING FINITE ELEMENT AND EXPERIMENTAL METHODS

ABSTRACT

Electronic packages especially the plastic ball grid array (PBGA) has its

unique crack failure arising from the soldering process. The existence of

moisture absorbed in package from ambient condition causes vapor pressure.

During reflow soldering processes (215°C), the moisture absorbed vaporizes

and eventually causes popcorn cracking. So, numerical method is used to

characterize the fracture resistance in terms of geometric stress intensity factor

(SIF). Then, the investigation of fracture toughness on epoxy molding

compound (EMC) material provided boundary conditions of package cracking.

In this research, Ansys software was used to simulate moisture diffusion

and thermal transfer to determine the vapor pressure at the crack region. The

vapor pressure loading was applied on PBGA to obtain geometric SIF using

modified crack closure integral (MCCI) method. It was found that the increased

in vapor pressure and higher delamination size created high geometric SIF.

Load-crack edge extension relation obtained from holographic interferometry

(HI) method and critical load for D.E.R. 331 as EMC material were used to

evaluate fracture toughness. The fracture toughness for D.E.R 331 was found

to be 0.488MPa m 1/2.

Eventually, the fracture toughness for D.E.R. 331 was compared with

PBGA's geometric SIF. A graph with package safety conditions was obtained.

From the graph, it can be concluded that the PBGA is typically to be saved

during soldering process, where vapor pressure is 1.21 MPa and delarnmatron
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Abstract

ratio is less than 0.6. This EP's failure can be controlled through minimizing the

effect of vapor pressure and reducin_g die/EMC interface delamination.
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CHAPTER 1

INTRODUCTION

1.1 Background of research

Electronic packaging (EP) designing and manufacturing tend to become

a challenging global industry. The challenges emphasize on making the EP

lighter, higher packaging density (miniaturization) with the complexity in

functions and increased electrical performance while the cost remains at low

level. However, these challenges of packaging are hard to achieve and bring

difficulties in processing, handling and understanding of smaller components

particularly with the use of thinner dies. The matter arising now is how to

produce a high reliability EP.

Higher density and more compact developed systems are turning the

manufacturers to surface mount technology (SMT) which needs full concern of

failure mechanism inside plastic package which is known as popcorn cracking.

The package is highly sensitive to moisture and humidity conditions. Its

applications mostly include consumer electronics, household appliances,

computing, automotive, telecommunications, flight control, robotics, military

equipments and astronautics.

Plastic failure usually happens when the moisture diffused in the

package during storage becomes vaporized and exerts a pressure known as

vapor pressure that could result in the popcorn effect. Wong, E.H. et al. (1998)

found that vapor pressure is responsible for the eventual popcorn cracking of

plastic integrated circuit (Ie) packages during soldering process.

Tay, A.A.D. et al. (1994) mentioned that during soldering by vapor phase

reflow (VPR) or infrared (IR) reflow (Figure 1.1) or wave soldering techniques.

TAN CHEW PHENG Mech Eng. USM 06' - l -
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the EP is heated up to solder melting temperature in the region of 215°C and

exposed to humid environment. High thermal stresses were induced within the

EP as the result of enhanced thermal mismatch between dissimilar materials.

Meanwhile, the evaporation of moisture caused high stress typically between

molding compound (MC) and chip interfaces. These stresses mainly

contributed to the phenomenon of cracking inside the EP especially the plastic

ball grid array (PBGA) during the reflow soldering process.

250--�-----------------------------/---�-,--------------�
o T: nl.l\. =24S0C±SOC
�
� 200 T =183°C 's =70sr

Q)
- - - - - - - - - - - - - - - - - -

'-

:J Ramp upro Ramp down"- ISO

2-30C/S/el)
c.. 2�3°C/s
E
2 �, /O) 100
c::
'i:: /el) Dry-out Reflow-o i Pre-heat
C 50<n

�
)

Ambient condition Cooling
o 2SoC�
Cl)

Oa::::

O 60 120 180 240 300
�oldering time, ts (s)

Figure 1.1: IR reflow soldering profile (OSRAM catalog, 2006, p.97)

From these circumstances, it is important to study the micro mechanics

of interface delam ination and popcorn cracking. Pa rk, Y. B. et al. (1997) noted

that the popcorn cracking phenomenon inside the surface mounted packages

was known by assuming an inherent edge crack at die pad/epoxy molding

compound (EMC) interface and subsequently interface delamination under

thermal arid vapor pressure loadings. According to Alpern, P. et al. (2002).

there were three types of popcorn failure mode in relation to the starting

interface of the cracks. Mode I refers to package cracks produced from die pad

backside/Me interface delamination, mode II from die attach (DA)/die pad

TAN CHEW PHENG Mech Eng, USM 06' -2-
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interface delamination and mode III from chip surface/MC delamination. In

2002, the Hitachi, Ltd. had successfully developed a consistent quality

assurance system with specifications and requirements, starting from the

planning of development through after sales service to improve the reliability

and quality of package device.

The thermal and moisture analysis of EP during soldering process can

be done using commercial finite element (FE) software such as Ansys and

Nastran to evaluate the package crack phenomenon. Meanwhile, the EMC

material crack resistance has being studied using experimental methods such

as tensile test and optical methods.

From these studies, the failure of EP could be controlled through the

understanding of the effect of thermal transfer, moisture diffusion and humidity

during soldering process. The selection of proper MC material with the

delamination sizes allowed for the package could also be determined.

1.2 Problem statement

Durinq soldering process, temperature rises rapidly and eventually high

stress occurs inside the EP especially PBGA. The tips of delamination between

MC and die pad interface become unstable, deform, suddenly collapse and

crack propagation at MC region. It is known as fast fracture or plastic collapse

(Figure 1.2) as described by Wong, E.H. et al. (2002). Due to these effects,

failures such as circuit damage or burn can occur. Thus, the study of fracture

toughness on MC material must be applied so that the proper MC material can

be selected with the delamination size allowed to prevent plastic collapse.

TAN CHEW PHENG Mech Eng. USM 06'
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13L I(' iZi5)i11 i* itS�Al

Stage I

IxiilWfi��x,
Stage II

IYLwvksa'�'W'�Yl
Stage III

Stage I
• Delamination
• Brittle crack growth into MC

Stage II
• Plastic deformation inhibits crack growth
• Increasing vapor pressure with

temperature
• Increase plastic doming
Stage III
• Critical vapor pressure reached
• Plastic collapse occurs
• Pressure release, deflate dome

Figure 1.2: Plastic collapse of popcorn failure (Wong, E.H. et al., 2002, p.228)

1.3 Objectives

Based on the problem, two objectives are identified. They are as follow;

a) To investigate the PBGA failure

The mechanism of popcorn cracking is simulated by using finite element

analysis (FEA) and to generate a solution in terms of strain energy release rate

(SERR) and stress intensity factor (SIF). Subsequently, the study attempts to

find PBGA crack resistance related with vapor pressure and delamination

length.

b) To determine the EMC material fracture toughness

The crack edge extension rate with different crack sizes under slow and

monotonic increasing loading is obtained using holographic interferometry (HI)

method and consequently to determine fracture toughness for EMC material.

Eventually, the study attempts to find the PBGA safety conditions on the EMC

crack resistance.
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1.4 Scope of research

To achieve the two objectives, the study consists of;

a) Modeling popcorn cracking on PBGA for geometric SIF estimation

• Simulating wetness and temperature distribution under reflow

soldering condition (2200C and 85°C/85%RH)

Calculating vapor pressure under moisture preconditioning

• Verifying modified crack closure integral (MCCI) method using TQFP

Applying MCCI method on the PBGA to find geometric SIF during

reflow solderi ng

b) Modeling thin plate with center crack to predict fracture toughness

• Modeling thin plate (100 x 20 x 3mm) in jifferent crack ratio (0.1-0.3)

• Estimating critical loading on aluminum, copper, mild steel and epoxy

Determining compliance rate in different crack ratio

• Parameter study on fracture toughness to find signification factors

such as total extension and crack edge extension, total length.

thickness, crack length ratio and applied load

c) Investigating a conventional method known as tensile test on fracture

toughness determination

Finding critical loading experimentally which is the maximum tensile

loading

• Comparing tensile results with simulation results on aluminum,

copper and mild steel

d) Developing an experiment known as HI method for fracture toughness

determination.

• Calibrating H I method using cantilever deflection (1 pm-16 urn)

TAN CHEW PHENG Mcch Eng. USM 06' - 5 -
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Determining compliance rate in different crack length ratio (0.1-0.3)

Determining critical loading at crack length, as = 4mm using tensile

test

• Verifying holographic interferometry fracture toughness test using

•

•

aluminum plate

• Obtaining EMC material's fracture toughness and compare with

material property from findings

e) Cornpannq facture toughness of EMC material with PBGA geometric SIF

to find the safety region in the vapor pressure and delamination ratio

condition

TAN CHEW PHENG Mech Ens. USM 06' -6-
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CHAPTER2

LITERATURE REVIEW

2.1 Introduction

Before proceeding with the research analyses and improvements,

theoretical and experimental applications from other researchers were studied

to understand the main problem of package failure and causes were sought

Studies had been carried out by many researchers to explain the vapor

pressure effect on the electronic packaging (EP) and to conduct investigation

on crack occurrence and resistance usually in molding compound (MC) region.

Fracture toughness analysis and holographic interferometry (HI) techniques

also were reviewed to understand the development of measurement

techniques.

2.2 Review of related research on vapor pressure effect

During soldering, the surface mount device (SMD) was subjected to high

thermal stress and vapor pressure induced by moisture diffusion, and

eventually developed cracking (Orni, S. et al., 1991) as illustrated in Figure 2.1.

Sauber, J. et al. (1994) added that high stress concentration usually occurred

at the edge of plastic package's chip and DA in form of local delamination or

pre-existing crack.
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i
I

, , , , ,

Occurrence and

7\ expansion (If n Vapor

�craCk �
Moisture

nabsorption
during storage.

I
i

Evaporation of absorbed R
.

d IExternal crack esrn e amination
moisture during reflow soldering on the chip

Figure 2.1: Cracking mechanism during reflow soldering
(Omi, S. et al., 1991, p.818)

Yip, L. et al. (1996) and Wong, E.H. et al. (1998) found that the amount

of moisture absorbed by the package highly influenced it susceptibility to

popcorn effect. In another paper by Wong, E.H. et al. (2002), the study

proposed a comprehensive solution of moisture induced failure in integrated

circuit (IC) packaging including plastic analysis of popcorn cracking. The study

introduced a wetness technique for modeling moisture diffusion in multi-layer

system such as PBGA during reflow soldering process to overcome the

discontinuity concentration on Fick's application.

Tay, A.A.O. et al. (1996) claimed that the simulation of moisture diffusion

during reflew in two-dimensional (2-D) is more realistic to the limitations of

hitherto one-dimensional (1-D) analysis used by Kitano, M. et al. (1988). Else.

Yip, L. et al. introduced another method namely C-mode scanning acoustic

microscopy (C-SAM) to investigate the impact of moisture on package

delamination and cracking during reflow soldering. The study provided package

reliability test.
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With the implementation of thermal-moisture analogy and commercial

thermal finite element analysis (FEA) software in Tay, A.A.O. et al. (1996) and

Wong, E.H. et al. (1998), the finite element (FE) simulation of moisture diffusion

during preconditioning of plastic Ie package, temperature and moisture

diffusion during vapor phase reflow (VPR), and vapor pressure built up in the

delamination during VPR had been simulated. Tee, T.Y. et al. (2002) also

presented comprehensive modeling on moisture diffusion du ring

preconditioning and reflow process, thermal, hygro-mechanical stress, thermo­

mechanical stress and vapor pressure in quad flat non-lead (QFN) package

Generally, the cracking are divided into three types which are Type I. II

and III depending on the origin and the spreading direction of cracks

mentioned in ami, S. et al. The study also found that package structure

including chip size, resin thickness on the chip and die pad, lead frame (LF)

material, elasticity of die bonding material and test conditions on soldering

temperature and moisture absorption ratio were predominant of crack

occurrence. Therefore, Omi, S. et al. suggested anti-crack package design

through improving MC soldering heat resistance, applying polyimide coating on

die pad back side and improving LF design.

In Yip, L. et al. studies did not discuss the moisture conditions that

caused cracking nor suggested the solution on reducing moisture absorption

rate. The effect of induced vapor pressure in the delamination and crack

resistance during reflow were not investigated by Tay, A.A.O. et al. (1996).

Wong, E.H. et al. (2002) did not mention the effect of material properties to the

moisture induced vapor pressure. Tee, T.Y. et al. did not pointed out the

causes of moisture diffusion and vapor pressure to the package plastic failure.
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And, the efficiency and capability of the suggested anti-crack design were not

clearly analyzed by Omi, S. et al.

2.3 Review of fracture toughness analysis techniques

Many fracture toughness methods had been introduced by researchers

to suit various test conditions and specimen geometries. Some fracture

toughness methods are as follow;

a) Compliance rate application

By assuming a cracked body (Figure 2.2) with constant thickness. [ !S

subjected to an external load, F and produces a crack edge extension, ()

along the path in compliance space.

1/ '//////' I

a Sa
I

I

$ �

W
./ ......

..... /'

I i I

:FI

, , , , , , , , , , , ,

Figure 2.2: Cracked body subjected to load F

The crack extends by an amount of Sa with a correspond ing amount of

tleS . The whole process is summarized in Figure 2.3.
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F

F'

E 68 £'

Crack edge extension I t5

Figure 2.3: Load-extension diagram (Sanford, R.J., 2003, p.245)

o

According to Sanford, R.J. (2003), energy available for crack edge

extension is defined as follow;

Gtda=OFF'

=OFE+EFF'£'-OF'£'
(2.1 )

The area EFF'E' can be approximated by o( Fe)') I which the work done

for crack propagation under external load. However, for constant loading under

isolated condition, there is no external work to the system. Difference of area

OF' E I with OFE is the total change in stored strain energy (Sanford, R.J.).

Thus, it can be simplified as follow;

G=au
taa

F

(2.2)

Where,

U Stored strain energy (J)

For linear elastic condition (Sanford, R.J.),

l
U=-F.8

2
(2.3)
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The compliance is defined as,

c=!...
F

(2.4 )

Where,

C Compliance, which is the slope of extension-load (mIN)

Substituting Equation 2.4 into 2.3, it gets,

(2.5)

Differentiating with a constant load, it gives,

(2.6)

Thus, by substituting Equation 2.6 into 2.2, it gets,

G =

F2 (BC]21 8a
(2.7)

Where,

BC

8a
Compliance rate with crack length (1/N)

These can be applied on any geometrical shapes under a monotonic

increasing loading with constant thickness. It can be extended to determine

fracture toughness,

(2.8)
=

F� (BCJEI21 8a

Generally, this application was basically taken by researchers to develop

a standard method. In this study, it was used to determine fracture toughness

for an epoxy based polymer.
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b) Single edge notched bend (SENB) or three point bend (3PS) test

In SENB (Figure 2.4), stress intensity factor (SIF) depends on applied

load, F and sample geometry.

L

" t

-.---
. a

F/2 � S_=_4W_ - Fj2

Figure 2.4: SENB for K determination

The SIF is given by Anderson, J.C. et al. (1991) as follow;

3FS [. ()1/2 ( )3/2 ( )5/2 172 ,

'9�]K �

3/2
1.93.!: - 3.07!_ + 14.53!_ - 25.11 (!!..) + 25.8 _::_

2tW w W W IV .u:

6F [ ()1/2 ( )3/2 ( )5/2
.' ,7 � ,'I ::

:=-1-/2 1.93!!.. -3.07!!._ +14.53!!._ -25.11l!}_.: +25.8i'::
tW IV IV JIl If' J ,II

F [ ()1/2 ( )3/2 ( J5i
2 f ,7 2 ,9 ::

]�-1-/2 11.58!!._ -18.42!!_ +87.18!!.. -150.66:!!..; +154.8 �

tW IV IV If" ,w, II

(2.9)

Where,

S Distance between two pin support (m)

As the load increases, SIF will increase accordingly. The crack will start

to propagate when critical load, Fe is reached. So, the fracture toughness is

given by Smith, R.N.L. (1991) as follow;

Ke � F�/2. f (!!_JtW W
(2.10)

Where,

(a) [
1(' 3/2 5/'" , \" � 'l

']f - = 11.58(.!!..)
-

-18.42(!:.) +87.18(!!_)'W -150.66l�I'
-

+154.8�'
-

W IV IV W 11', ,II
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c) Compact tension (CT)

In CT (Figure 2.5), SIF also depends on applied load, F and sample

geometry.

I
_

I
�I

�I
I

L: -- -e O.25W

I
i
I

_L__ --------'

w

I

F
'

1.25W

Figure 2.5: CT for K determination

The crack will propagate when critical load, Fe is reached. So, the

fracture toughness is given by Smith, R.N.L. (1991) as follow;

(2.11 )

Where,

(a) [
1/2 3!2 5/2 ,7 :: ,I) : l

f � = l 77.6(!!-.) -1113(!!__) + 3934.2(.!!...)' - 6102l� i + 3833.4; _" J:W IV W W 11', II

d) Four point bend (4PB) test

4PB (Figure 2.6) was used to determine interfacial fracture toughness.

referred as the critical SIF when bi-material interface begins to delaminate,

Material 1

Figure 2.6: Interfacial fracture toughness test
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The critical strain energy release rate (SERR) can be determined

(Hutchinson, J.W. et al., 1992 and Ferguson, T.P., 2004) as follow;

(2.12)

Thus, the interfacial fracture toughness,

Ke = JGcE· cosh(nn) (2.13)

2.4 Review of related research on fracture toughness method

Tay I A.A.O. et al. (1994) classified the primary stress components in the

crack tip region into three modes of cracking based on Irw-in approach, which

were Mode I - opening mode, Mode II - forw-ard shear mode and Mode III -

anti plane shear mode. Park, Y.B. et al. (1997) found that the stress states near

the crack tip were closer to Mode II for thermal loading and vapor pressure

loading in Mode I, but for the mixed loading it changed from Mode II to Mode

J.

Therefore, Ganesan, G.S. et al. (1993) developed a quantitative model

describing the cracking in surface mount technology (SMT) plastic package to

predict crack resistance related with package geometry, MC properties and

storage/reflow conditions. Sauber, J. et al. (1994) used linear elastic fracture

mechanics (LEFM) to investigate fatigue crack propagation of plastic package

under continually thermal loading conditions. Thin quad flat package (TQFP)

model with crack in the MC region at the corner of the die pad used J integral

application to evaluate the effect of coefficient of thermal expansion (CTE)

mismatches, initial crack sizes and die pad delamination.
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Park, Y.B. et al. studied the popcorn cracking phenomenon in a surface

mounted package, TQFP using ABAQUS finite element code with eight-noded

isoparametric element and J integral to calculate SERR of die pad/EMC

interface delamination under thermal loading, vapor pressure loading and

mixed loading.

Apart from that, Sauber, J. et al. carried out a SENB test to investigate

critical SIF, Ke of MC materials. Tay, A.A.O. et al. (1994) proposed a adhesion

test (Figure 2.7) and found that delamination begins if the KII in the package

exceeded critical value, Kllc'

Strips for
holding the

specimen

MC

\ Blocker

Pull

strength

Die pad material

Figure 2.7: Schematic diagram of adhesion test

(Tay, A.A.O. et al., 1994, p.203)

Yeung, B. et al. (2003) established three experiment methodologies to

measure die strength in variety of die sizes upon the defects that resulted from

processing and handling. Three point bend (3PB) test measured the strength

with respect to the backside condition of the die. Four point bend (4PB) test

investigated bending conditions for the largest defects namely edge defects

caused by wafer sawing or singulation damage. Ball breaker test measured die

strength with respect to surface condition and sensitively to edge condition.
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Monotonic and cyclic loadings interfacial delamination onset and

propagation were studied using experiment test and numerical anarys.s by Xie

W.O. et al. (2003).

Mercado, L.L. et al. (2003) studied on copper (Cu)/Iow-k structure for

advanced integrated circuits (les) to understand its impact properties MultI­

level, multi-scale sub-modeling technique was used in the study due to the

significant difference in scale between the package and Cu/low-k structures.

I nterface fracture mechanics method had been adopted to predict interface

delamination that occurred in the Cu/low-k stack.

In Sauber, J. et al., the studies found that the K( values decreased as

the temperature decreased, suggesting that cracks tends to propagate more

easily at low temperature. On the same time, the Ke values decreased with the

increased of mechanical loading rate and thermal loading rate. The studies also

showed that the MC with lower CTE reduced the stress intensity factor (SI F)

and that SI F increased with the crack size.

Generally, the interfacial delamination aspect to the package cracking

was not included in Ganesan, G.S. et al. (1993). Sauber, J. et al. did not

discussed the vapor pressure effect that also contributed to crack occurrence.

Cracking caused by vapor pressure also did not mentioned by Tay, AA.O. et

al. (1994; and Mercado, L.L. et al. Park, Y,B. et al. did not persist to find

geometric SIF which more practical and material independent, apparently the

SERR was material and geometry dependent. Yeung, B. et al. did not relate the

die strength to package crack occurrence. Xie, W.o, et al. only assumed that

interfacial delamination tends to propagate rather than developed cracking at

MC region because weak of interface adhesion strength.
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2.5 Review on holographic interferometry techniques

Holographic interferometry (HI) method was discovered and developed

after Powell and Stetson had attempted in making a hologram (Gryzagoridis. J.

2002). Basically, HI method is based on the interference from the

reconstruction of holographic wave fronts, as shown in Figure 2.8.

Optics

��� DetectorSplitter Combiner

Reference path
Source

-Po -Po
Figure 2.8: Generic interierometry model (Cloud, G.L., 1998. p.39)

In the process of analyzing structure deformation in micrometers or even

nanometers scales, HI method was found to be important for designing

optimization, particularly the selection of material in electronic packaging (EP)

which required accurate knowledge of the behavior of component under actual

operating condition. The conventional experiment procedures such as strain

gauges, tensile test. photo-elasticity and finite element method (FEM) were lack

of persistent in natural. In other words, it is lack of sensitivity in the control

environment and lack of flexibility of test (Pryputniewicz, RJ., 1995).

HI method is important for non-destructive test (NOT) in measuring small

static displacements and deformations of optical rough surfaces caused by

thermal or mechanical loading. It was also used in vibration and modal
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analysis, structural analysis, composite materials and adhesive test, stress and

strain evaluation, flow, volume and thermal analysis (Fein, H., 1997).

Generally, there are three types of HI techniques which are real-time,

multi-exposure and time-average. Real-time interferometry makes a single­

exposure hologram of an undisturbed object. After processing, the hologram

refits in its precise original position. When the object is subjected to a load,

subsequently it produces live fringes. Multi-exposure interferometry creates a

hologram by two or sometimes more exposures. Time-average interferometry

is used in analyzing the behavior of mechanical system which is vibrating in a

stable condition (Saxby, G., 1991).

2.6 Review of holographic technique applied for fracture toughness

Conventional techniques involving strain gauges, photo-elasticity and

mechanical probing were generally not applicable to micro-scale component

analysis. Alternatively, conventional interferometry (CI), electronic speckle

pattern interferometry (ESPI) and shearography, grating (moire) interferometry

(GI), digital holography interferometry (OHI) supported by thermovision and

optical, confocal, scanning electron or atomic force microscopy were proposed

(Salbut, L. et al., 2001).

Salbut, L. et al. was given some brief and general features on the

conceptual and methodology of some useful holographic techniques.

Particularly, the el method used for shape and out-of-plane displacements,

ESPI allowed in-plane and out-of-plane displacements measurement of

scattering surfaces. While GI used for in-plane displacements and material

properties determination of micro-element with surface periodic structure and
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OHI provided all components of displacement vector on reflecting and

scattering surfaces.

Using holographic interferometry (HI) method. Pryputniewicz, R.J

(1995) presented the study on displacements and strains of small components.

The studies also showed quantitative interpretation of hologram for vibrating

and thermal loading component. As well, Takao, S. et al. (2002) proposed an

optical system using lensless Fourier transformed holographic interferometry to

measure in-plane and out-of-plane displacements on beam bending, three

point bend (3PB) and thermal deformation, in the range of 5-1 Ourn.

Overall, Pryputniewicz, R.J. only concentrated on determining out-of­

plane displacements but actually it can be extended to 2-D or even 3-D

displacements. So, the HI optical set-up can be modified to determine strain on

uniform axial load system for fracture toughness determination.

2.7 Summary

From the literature survey, it was observed that many researchers had

carried out investigations to understand the behavior of crack propagation

using different approaches and methods. Based on the literature survey,

several features can be concluded as below;

a) Most of the analyses had identified the vapor pressure induced crack

including the effect and type of cracking during reflow soldering. The

studies also generally suggested some anti-crack solutions. But, most of

the analyses did not give clear safety region or boundary conditions for

the package to avoid failure.
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b) Most of the analyses only concentrated on specific types of package

with the used of complicated FEA application. So, the obtained results

can only be referred to certain package and may not be applied directly

to other types of package.

c) Holographic interferometry (HI) method was applied on the study of

displacements and deformations. Most of the works carried out with

complicated theories and complex optical arrangement. However. HI

method can be modified to determine strain on uniform axial load system

for fracture toughness evaluation.
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CHAPTER 3

ANALYSIS OF STRESS INTENSITY FACTOR IN

PLASTIC BALL GRID ARRAY (PBGA)

3.1 Introduction

The mechanism of popcorn cracking in plastic ball grid array (PBGA)

were investigated using finite element analysis (FEA) and the solution in terms

of strain energy release rate (SERR) and stress intensity factor (SIF) were

generated. Subsequently, the study attempts to find the package crack

resistance related with vapor pressure and delamination ratio.

The package was simulated in the condition when it was heated up to

220°C during reflow soldering process under moisture condition 85°C/85%

relative humidity (RH) for 5 minutes as described by Ganesan, G.S. et al.

(1993). Delamination between molding compound (MC) and die (chip upper

surface) was initiated near the die tip location. Ganesan, G.S. et al. proposed

that the delamination location was under high vapor pressure after the package

was heated from room temperature, 25°C, to solder melting temperature,

215°C. However, cracking was not occur immediately, it happened when the

moisture was absorbed into the PBGA became vaporized and exerted a critical

vapor pressure.

The PBGA was modeled in two dimensional (2-D) and a % model was

taken because the package was symmetry as shown in Figure 3.1.

MC__....__
Die ____

=-=-------
- -

--=--�

BT epoxy
Solder balls

PCB

Figure 3.1: Schematic of % PBGA
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The package consists of epoxy molding compound (EMC). silicon (Si)

die or chip, silver (Ag) filled epoxy die attach (DA), die pad, bismaleimide

triazine (BT) epoxy or substrate, solder mask, solder balls or bumps and

printed circuit board (PCB). Table 3.1 below shows the specifications of PBGA.

The material properties required for FEA are provided in Table 3.2 and 3.3.

Table 3.1: Dimensions of PBGA (Habib Abul Mustain, 1997, p. 34)

Package size 16.55 x 18.0Bmm

Package thickness 2.25mm I
:

Chip size 8.00 x B.OOmm I

I

Chip thickness O.2Smm I
I

DA thickness O.05mm l

Die pad thickness O.1Smm I
I

BT epoxy thickness 0.40mm I

Solder mask thickness O.075mm
I

I

Solder balls

Diameter O.7Smm

Height O.60mm

PCB thickness O.80mm

Table 3.2: Material properties for the main constituents of
PBGA (Habib Abul Mustain, 1997, p.49)

Material Young's modulus, E (GPa) Poisson's ratio, v
I

MC 16.0 0.25 [
I

Die 131.0 0.30

DA 58.8 0.29

Die pad 121.0 0.33 I
i
i

BT epoxy 26.0 0.39 ,

Solder mask 23.5 0.40 I

i

Solder balls 10.0 0.40 I

PCB 22.0 0.29 I
I
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Table 3.3: Shear modulus for interfacial delamination stress

intensity factor (Shin, O.K. et al., 1998, p.416)
Material Shear modulus, fi (GPa) I

I

MC (epoxy) 1.38

IDie (silica) 30.6

During the study, the material properties was assumed to be linear

(temperature and time independent) and homogenous. The interfaces between

different components were also assumed to be perfectly contacted.

3.2 Theoretical applications of MCCI method

Fracture mechanics is the study of cracks or small flaws in a component

under pressure loading and thermal loading. The maximum stress allowed can

be determined if it contains acceptable and unavoidable cracks or

delaminations without causing further damage to the component. Generally.

fracture mechanics involves correlating analytical predictions of crack

propagation by using energy criteria and stress criteria fracture theories.

Energy criteria calculates strain energy release rate (SERR) in the crack region

and stress criteria finds stress intensity factor (SI F) which is the magnitude of

crack tip stress field.

In fracture mechanics, the crack resistance of material depends on

several factors, outlined by Askeland, D.R. (1994). Larger crack reduces the

permitted stress and create more possibility for crack to propagate. For ductile

metals such as copper (eu), the region near the crack tip can deform, causing

the tip to be blunt, and yet preventing or delaying crack propagation. Rigid

structural has lower fracture toughness than thin plate. Besides, cyclic and

impact loading can cause fatigue before critical conditions. The temperature
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may also affect its fracture toughness because different molecular energy

absorption mechanisms active in different environments.

So, a lot of effort had been done by researchers to reduce the cracking

and to improve crack resistance. Seuber, J. et al. (1994) mentioned that the

ability of MC material to resist crack propagation depends on the chemical

makeup of its resin system and the content, shape and size of the filler.

Finite element method (FEM) is useful as we" as powerful In solving

these linear elastic fracture mechanics (LEFM) problems. It is a numerical

method of solving a system in governing equations over the domain of a

continuous physical system. Small parts, called elements are subdivided into

domain of the 2-D structure. The essence of the FEM is to take a complex

problem such as package plastic failure, in which the solution may be difficult if

not impossible to obtain and decompose it into pieces with simple approximate

solutions, together to obtain a global approximate solution. The finite element

(FE) approaches can be described by calculating the SERR and transforms it

into SIF.

Rybicki, E.F. et al. (1977) stated that SERR can be defined in terms of

the change in potential energy at crack tip, shown as follow;

G= dtp _

de!>

da da
(3.1 )

In Irwin's theory, if a crack extended by a small amount ja, the energy

absorbed in the process is equal to work required to close the crack to its

original length, as mentioned in Rybicki, E.F, et al. (1977):

G = l im _1_ ta a (t3.a - r, O) v ( r, Jr ) dr
6a-0 2t3.a

+ lim _1_ r r( t3.a - r, O)u (",Jr )dr
<'1a-O 211a

(3.2)
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