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where Re is the Reynold number.

n order to assist the designer of a wire profile to obtain a reasonable allowed
sweep, a sweep deformation model based on the contribution of the bending moment
and the twisting moment has been proposed by Kung et al. (2006a). According to the

model, the sweep deformation of the wire & can be written as:
HY\ H? HY L3
am=5xo( =)=+ —.—) 3.18
Ts (L)E! fr (L)Gfp (3.18)

where D gthf: drag force per unit length of the wire and § gthe length of the wire, fpis
the bending geometry factor for the bending moment, f; is the twisting geometry factor
for the twisting moment, H is the height of wire, L is the length of wire span(See Figure
2.18), G is the shear modulus of wire, E is the elastic modulus of wire, [ is the moment
of inertia of the wire, /, is %polar moment of inertia of the wire.

In order to make a comparison between the results of simulation and experiment,
a dimensionless parameter, wire sweep index (See Figure 3.1), is used. The wire sweep
index 1s calculated from making the largest deformation normal to the wire divided by

the projected length of the wire (Nguyen et al., 1997, Pei, 2004, Onodera et al., 2007).

Wire Sweep Index (%) = Dy/L (3.19)

D, the largest deformation normal to the wire

Figure 3.1 Definition of wire sweep
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of either given library routines. This implies that each solver has to know the grid of the
other solver and, thus, inhibits the exchange of one solver without changing the code of

the other one.

Cuite Garle . Preparation
e ABAQUS of Model File
Codes Scar? Scan o
Coupling User Input | mpect [)efl;)lt)Flll of
Region Gl Coupling
Quantities Stark - Start Process
) Start = 5 . _Star
Options Read -~ Start Start  ~ Read
L e Py i T R L s TRt O I P i A T P e Rt PRt T 1
» -
MpoeT || ) MpocT Code

/ Server Server \ ABAQUS
— Running the
Data AHpLET C'o-simulation

| Control :
1
! Process -

Results Code
ABAQUS

Post-
Processing

FPost-Processing MpCCI Fost-Processing
FLUENT Visualizer ABAQUS

Elgure 3.3 FLUENT and ABAQUS coupling simulation process
(MpCCI 3.1.0-1 Doc., 2009).

Running a co-simulation with MpCCI require the process given in Figure
3.?"[11&:1‘3 are four steps of the complete co-simulation with MpCCI: 1) preparation of
model files, 2) definition of the coupling process, 3) running the co-simulation; and 4)
post processing (MpCCl, 2009). First, each domain is modelled separately and created
for each simulation code. The models contain a definition of the coupling region. The
interface between solid and fluid depends on the coupling regions, which are the
surfaces (wires in the PBGA package) that have been defined in both codes. During the
simulation the MpCCl software distributes the data on the surface of wires. Simulation
codes, the corresponding model files and the coupled region, quantities, and a coupling
algorithm must be selected in the second step. This step is completely supported by the
MpCCI GUI. Next, starting with the MpCCI server, both coupled codes are started.
Each code computes its part of the problem while MpCCI controls the quantity

exchange. Lastly, the results can be analysed with the post-processing tools of each
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simulation code, with the FLUENT and ABAQUS visualizer. The sample of coupling
process is shown in Appendix A.

or the fluid structure coupling, an implicit portioned approach is employed
(Thirifay and Geuzaine, 2008). Figure 3.4 schematic view of an iteration process,
which is performed for each time step, is given. After the initializations the flow field is
determined in the actual flow geometry. From this, the friction and pressure forces on
the interacting walls are computed, which are then passed to the structural solver as
boundary conditions. The structural solver computes the deformations with which the

fluid mesh is modified, before the flow solver is started again.

!
Computation of flow field

(finite volumes)

@ )
mputation of wall forces
v

Computation of deformations
(finite elements)

i

Mesh movement process
(inferpolation) 3

ry

FSI Iterations

FSI
Corvergence

Upia = ia + DI
Loptia = Lopia + DI

Egure 3.4 Flowchart of couple solution procedure (Michael, 2005, Yigit et al. 2008).
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23 Influence of Number of Mould Cavity Vents and Inlet Gate on Wire Sweep
in Scale-up Four-wire PBGA Encapsulation Process

3.3.1 Problem Description

In all the previous works on wire sweep prediction, the fluid and structural
solvers were run separately and coupled manually. As a promising breakthrough in the
FSI analysis, glpCCl technique has recently been introduced for the simultaneous real
time coupling of fluid and structural solvers. The use of a finite volume flow solver and
a finite element structural solver, coupled through MpCCI was reported for variety of
engineerin%problems (Yigitet al., 2008, Thirifay and Geuzaine, 2008, Gatzhammer et
al., 2010). However, as far as the authors are aware, the use of MpCCI for wire sweep
analysis and the study on the effect of number of vents on wire deformation during the
encapsulation of PBGA package have not been reported so far. To address this problem,
the finite-volume flow solver FLUENT and the finite-element structural solver
ABAQUS are interfaced by MpCCL. Polymer rheology model with curing effect (the
Castro—Macosko model) is used in the fluid flow model and the VOF technique is
applied for melt front tracking of the EMC. The numerical analysis uses User-defined
functions (UDFs) to account for curing kinetics. Keeping one gate, three configurations
of mould cavity with 2, 4 and 6 vents are simulated. Melt front profiles, wire sweep,
pressure field, and stress distribution on wires, are analysed for each case. The proposed
model is well validated by the published experimental results of Yang et al. (2000).
Table 3.1 summarises ge material properties of the EMC considered in the current

simulation.
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?ablc 3.1 Material properties of EMC used in the mould filling analysis (Nguyen et al.,

P 2000).
arameter Value Unit
Castro—Macosko Model oy 0.17 -
B 0.000381 Kg/m/s
T, 5230 K
n 0.7773 -
T 0.0001 N/m®
C; 1.03 -
1.50 -
Curing Kinetics 9 1.21 -
N 1.57 -
A 33530 s
Az 30540000 /s
E; ?1 K
E 89 K
o 0.05 -
Density p 2000 Kg/m3
Specific Heat Cp 1079 J/Kg-K
Thermal Conductivity - 0.97 W/m-K
Reference Temperature T 298 K

23.2 FSI Simulation Model and Boundary Condition
3.3.2.1 Fluid Model in FLUENT

The VOF model in FLUENT 6.3.26 is utilized to simulate the process (Khor et
al., 2010a,). g the VOF model, a single set of momentum equations is shared by the
fluids, and the volume fraction of each of the fluids in each computational cell is tracked
throughout the domain (Khor et al., 2010b). $ir and EMC are defined as the phases in
the analysis. Implicit solution and time dependent formulation are applied for the
volume fraction in every time step. The volume fraction of the encapsulation material is
defined as one and zero value for air phase.

The Castro—Macosko viscosity model with curing effect was written into C
language using Microsoft VISUAL Studio 2005 and compiled as UDF in FLUENT. The
sample of UDF list code of Castro—Macosko viscosity model that refer to Table 3.1 is
shown in Appendix B. The mould cavity package models with different number of vents
and different inlet gates, and its boundary conditions are shown in Figures 3.5a, 3.5b,
3.6a and 3.6b respectively. The dimension of mould cavity is 10 cm x 10 cm x 0.5cm,

dieis 3cm x 3 cm x 0.1 cm and inlet gate is 0.8 cm x 0.8 cm (Han and Huh, 2000). The
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24 Wire Sweep Analysis Considering Stacked Die Effect and Arrangement of
Inlet Gate of Scale-up Eight-wire PBGA Encapsulation Process

3.4.1 Problem Description

The small PBGA and non-transparent packaging mould used in the actual
encapsulation process causes difficulties in visualisation of the FSI phenomenon. The
deformation of the wire bond is normally observed from the top view of the package
using x-ray. It is the best method for visualising FSI through vertical and top views of
the mould for better understanding of FSI. Investigation can also be conducted using
simulation tools. However, the visualisation of FSI during the encapsulation of PBGA is
complicated. Therefore, a transparent and scaled-up mould was fabricated to emulate
the package with single and stacked die with copper wires for the encapsulation process,
as illustrated in Figure3.11 and 3.12 for PBGA with centre inlet and corner inlet
respectively. Two different packages (single die and stacked die) were considered to
provide the better visualisation of FSI on the interaction phenomenon between fluid and
wires in the experimental work. The virtual modelling technique using finite volume
(FV) and finite element (FE) codes was applied for the FSI analysis.

The inlet gates in the moulding equipment are located as depicted in Figure 3.11,
which n be easily removed and polished if necessary. Properly designed inlet gates
should allow proper flow of material as it enters the mould cavity. Inlet gates should be
located at points away from the functioning parts of the moulded component.

Outlet vents are provided in all transfer moulds to facilitate the escape of trapped
air. The locations of these outlet vents depend on the part design, and locations of pins
and inserts. The outlet vent is sufficiently small so that it allows the air but not the
moulding compound to pass through. Outlet vents are often placed at the far corners of
the cavity, near inserts where a knit line will be formed, or at the point where the cavity

fills last.
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3.4.2 Experimental Setup

In the present study, the experiment of scaled-up EBGA encapsulation process
was carried out using the system depicted in Figures 3.13 and 3.14.The actual diagram
and the chcmatic of experimental setup are illustrated in Figures3.13 and 3.14
respectively. The gmcnsion of the wire was built as presented in Figure 3.15.The wire
bond span has a length L = 2cm, height of wire H = 0.15 cm, and diameter of wire d =
0.0lcm.The elastic modulus (E) of copper wire is 47.296GPa that measure by using
tensile test. The graph of tensile test result is presented in Appendix C.

test fluid Lath a constant viscosity of 4Pa-sthat measured by using viscometer
(Appendix D) and a density of 1067 kg/m® was utilised as the fluid medium. The
servomotor illustrated in Figure3.13 controlled the system delivery of the test fluid into
the mould.

The system was tested to obtain a constant voltage gr the experiment. The FSI
process during encapsulation was recorded using a camera and processed by computer.
The detailed and exploded views of the mould of scale-up eight-wire PBGA with ccarc
and corner inlet are presented in Figure3.16—3.19 respectively. The mould was
fabricated from transparent perspex for better visualization. The material used for the
imitated die was a thin layer of acrylic. Scale-up eight-wire models of the PBGA
package with different heights of die and inlet arrangement were built and sized, as
shown in Figure3.20 and 3.21 respectively. The gmensions of the cavity were 8 cm x 8
cm X 0.5cm. The total thickness of the imitated dies was 0.11 cm for a single die
package and 0.22 c¢m for a stacked die package. The dimensions of the imitated die were
3cm x 3cm x0.11cm for the single die and 2.5 cm x 2.5 cm x U.11 cm (top die) and 3.5
cm x 3.5 cm X .ll cm (bottom die) for the stacked die. The experiment presented here
is focused on the interaction between the test fluid and the wire. Therefore, the effect of

temperature is not considered in this experiment.
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corner inlet.

60

Figure 3.17 Exploded views of the mould of scale-up eight-wire PBGA model with

centre inlet (Layer 1: top plate, Layer 2: cavity plate, Layer 3 - 5 base plates with inlet).

Figure 3.18 Detailed construction of mould of scale-up eight-wire PBGA model with
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Figure 3.21 Dimension of scale-up eight-wire PBGA model of stacked die.

1
3.43 FSI Simulation Model and Boundary Condition

The ncept of the FSI modelling is the coupling of FVM- and FEM-based
software in conducting fluid and structural analysis. During FSI analysis, the
transformation of analysis generated from the FLUENT 6.3.26 to ABAQUS 6.9 was
performed using MpCCI (Khor et al., 2012a). Real-time data were transferred from one
program to another. During the interaction, the forces induced from the fluid acting on
the wires were directly solved by ABAQUS. Thus, the deformations of the wires were
calculated simultaneously. The wires were defined as the coupled regions in FSI
simulation. FLUENT was used to analyse the fluid flow modelling by simulating the
physic of the flow front that fed into the cavity. ABAQUS was used to calculate the
displacement, von Mises stress, and shear stress of wires during the encapsulation

process.
3.4.3.1 Fluid Model in FLUENT

ﬁ the FLUENT analysis, the 3-D model was built according to the dimensions

of the package that was fabricated in the experimental work. The model was meshed
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ABAQUS 6.9 (Khor et al., 2012a). The f:chanical aspects were considered. Thus, the
structures of the coupled regions were defined as deformable in the analysis.

The commercial FEM-based software ABAQUS is employed in this study to
calculate the wire deformation. The structures of the wires are imported from GAMBIT
in ACIS ‘sat’ format in order to get the identical coordinate. The wire bond span has a
length L = 2cm, height of wire H = (.15 cm, and diameter of wire d = 0.0lcm. The wire
bond is divided into 3087(single die) and 3675 (stacked die) tetrahedral elements as
shown in Figure3.24. The shape of the wire is classified as typical Q-auto loop wire
bond (Brand et al., 2008). The gall bond boundary conditions of the wire were set as
fixed in ABAQUS and shown in Figure3.25. The mechanical properties of wire are as
follows: elastic modulus E= 47.296GPa, density p = 8960 kg/m*, and Poisson’s ratio v =
0.355.

In the experiment, the structures of wires were properly positioned on the die in
the cavity. In addition, some basic assumptions were considered in the FEM analyses
for simplification purpose. The elastic behaviour was taken as homogeneous and
10tr0pic in the structures of wire(Khor et al., 2012a). The oldcr bond was neglected
where the solder pad was not considered in the scaled-up PBGA model. The
temperature effect on the structures was not considered in the experimental work.
Therefore, no thermal effect on the creep and fracture behaviour was considered in the
present modelling. In reality there are some residual stresses in the wirebond due to the
wire looping process, especially at the neck of the wirebond adjacent to the ball bond.
However, in the finite element simulation of the ctural deformation of the
wirebonds, the wirebonds were assumed to have no initial stress before the action of the

flow-induced forces (Tay and Lee, 2002).
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use of a finite-volume flow solver and a finite-element structural solver, coupled
through apCCI has been reported for a variety of engineering problems (Yigit et al.,
2008; Thirifay and Geuzaine, 2011; Gatzhammer,2010).However, the se of MpCClI
has not been reported so far for wire sweep analysis. Accordingly, a novel 3-D
computational technique using the MpCCI method is introduced on the PBGA
encapsulation process for the prediction of wire sweep. This method utilizes the finite-
volume flow solver FLUENT and the finite-element structural solver ABAQUS,
interfaced by MpCCI. Polymer rheology model with curing effect (the Castro—Macosko
model) is used in the fluid flow model, and the volume of fluid (VOF) technique is
applied for melt-front tracking of the EMC. The numerical analysis uses UDFs to
account for the curing kinetics. In the present study, the computational fluid dynamic
code FLUENT 6.3 (Khor et al., 2010a) 1s used to analyze the effect of rheology on the
flow behaviour and wire sweep of the encapsulation process of PBGAs. The 3-D
models are developed and analyzed by using finite volume method. Three different
EMC properties, designated as Case A, Case B, and Case C,ere studied for analyzing
of fluid flow and wire sweep inside the mould cavity. Numerical results of flow patterns
and percentage of the void of the three arrangements of EMC properties are compared.
Wire sweep profiles and pressure field are analyzed and presented. The simulation

results are compared with the previous experimental result available in literature.
3.5.2 FSI Simulation Model and Boundary Condition
3.5.2.1 Fluid Model in FLUENT

The VOF model in FLUENT 6.3.26 is utilised to simulate the process (Khor et
al., 2010b). C types are set at different parameters, as shown in Table 3.2.Table 3.2
mmarizcs the material properties of the EMC considered in the current simulation
(Jong al., 2005; Nguyen et al., 2000; Wu at al., lQQS).ﬂir and EMC are defined as the
phases in the analysis. Implicit solution and time dependent formulation are applied for
the volume fraction in each time step. The volume fraction of the encapsulation material
is defined as 1 and that of the air phase as 0. Besides, the viscosity Castro—Macosko
model and VOF techniques are applied to track the melt front. The PBGA chip package

model used in the present study and its dimensions and boundary condition are shown
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in Figure3.26 and 3.27 respectively. The Eoundary and initial conditions used in the
calculation are as follows (Khor et al. 2011a):
a
(a) Onthewall: u=v=w=0; T=T,, ﬁ =0.
(b) Onthe melt front: p = 0. (Pressure gauge)
(c) Atthe inlet: u=u,,(x,y,2); T=T;,.
?ablc 3.2 EMC material properties used in rheology effect.
Value
CaseA Case Case C
Unit (Jong et al., B(Nguyen et (Wuetal.,
2003) al., 2000) 1998)
Density p kg/m’ 15 2000 1820
Tabulated T °C 66. 175 75
Thermal = Wk 0.74 0. 0.669
Conductivity
Tabulated T °C 169.95 175 169.95
Specific Heat C, J/kgK 1078 1079 1205
N - 0.7773 0.7773 0.28
T* Pa 0.0001 0.0001 2361
Reactive I B Pa.s 0.04219 3.81E-04 0416
V‘f’ac“‘."" h K 4810 5.230E+03 2.091E+03
Iscosity ¢ - 10.96 1.03 3.496
C, - 0.00626 1.50 8.503
Oy - 0.6946 0.17 0.17
H Jkg 3.91E+04 4.01 ?04 4.585E+04
my - 0.4766 1.21 0.7241
gaﬂion ma I 1.08 1.57 1234
Kinetics Aj /s 0.1 33.53E+03 8475
As /s 5.926E+05 30.54E+06 9.715E+06
E; K 2E+004 7161 7216
E; K 7501 8589 8585
69
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(2006a). Effect of mould vent size was introduced by Chai and Zohar (1999). The
mould vent size may influence the filling time of the encapsulation process.

Generally, the CCD consists of a 2* full factorial design with 2k axial or star
runs, a total of 20 simulations were performed to assess the three factors, according to
the equation CCD = 2% 4 2k + 6, where k is the number of factors. Fourteen simulations
were improved with six replications at the design centre to evaluate the pure error,
(Montgomery, 2009). Eq. (3.23) shows the quadratic model used to estimate the optimal
point (Adlan et al., 2011, Khor and Abdullah, 2012b):

Y = B, + Tica BiXi + Tica BuXi + i Zf By XXy + -+ e (3.23)

here Yd's the response; X; and X; are the variables; £, is a constant coefficient; 7, S,
and f; are the interaction coefficients of linear, quadratic and second-order terms,
respectively; k is the number of studied factors; and e is the random error.

The coefficient of determination (R?) was used to identify the quality of the fit of
polynomial model and the P-value associated with the 95% confidence level was used
to evaluate the variables and the interactions between them. The significance and
adequacy of the model was assessed according to the calculated F-value (Fisher

variation ratio), probability value (Prob > F), and Adequate Precision.

g
Table 3.3 Actual and coded value for the independent variable of the CCD design.

Coded value
Factor (Symbol) -1 0 1
Actual value
. Inlet Pressure (MPa) 5 7.5 10
. Wire Diameter (mm) 0.03 0.04 0.05
C. Vent height (mm) 0.04 0.22 0.40

7
The regression analysis was performed using Design Expert 6.0.6 software to fit

the simulation data into the second-order polynomial equation, and evaluate the variable
and interaction between them. The statistical significance of the equation developed was

also estimated through the software.
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3.7 Summary

g 3-D computational analysis was used to predict the wire sweep in the
imitation of scaled-up and the actual size BGA encapsulation process. The FVM- and
FEM-based software coupled with MpCCI were used to perform the study of FSI in
virtual modelling of the encapsulation process. Moreover, the VOF technique was
applied to track the flow front of EMC.

is research also discussed the optimisation of physical and process parameters
of the actual size PBGA package by using RSM model in the nalysis of wire sweep,

filling time and void occurrence during the encapsulation process.
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CHAPTER4: SIMULATIONS AND EXPERIMENTS ON PBGA
ENCAPSULATION PROCESS

This chapter presents the simulations and experiments on PBGA encapsulation
process and a detailed discussion with the observation. The results obtained from
experimental results of a scaled-up eight-wire PBGA prototype encapsulation process
with different stacked dies and inlet gates orientation and the simulation of melt front
behaviour, pressure distribution within cavity, wire sweep profile and wire stress, also
comparison between simulation, experiment, and previous experimental rsults of melt-
front profile and wire sweep. The wire sweep considering rheological effect and

optimization of an encapsulation process on actual size of PBGA through the

simulations is discussed in this chapter.
% Grid Independence Test

Grid independence test was performed to obtain the optimum mesh size. Five
different mesh sizes were tested, and the corresponding filling percentage was estimated
for a PBGA package that consisted of a single die and scaled-up four wires PBGA with
stacked die and scaled-up eight-wire and also included an actual size PBGA. The
simulations were performed by using a PC with an Intel Core 2 Duo processor E7500,
293 GHz with 2 GB of RAM; it took around seventy-four hours for each case to
complete 15000 iterations for a case with 2 vents of scaled-up four wires PBGA. Then,
for Case 3 (nglc and stacked die of scale-up eight-wire PBGA),took around four
hours for each case to complete 4000 iterations, and took around twelve hours for each
case to complete 12000 iteration for Case B of actual size PBGA in optimum time steps
of 0.001s (Khor et al., 201 1b).

The encapsulation process took about 13 s, 4 s and 12 s to fill completely for a
scaled-up four-wire PBGA, a scale-up eight-wire PBGA and an actual size PBGA,
respectively. Concerning the finest mesh size of 459697, 586617,634341(Test4) and
experimental results for scaled-up four-wire PBGA, 1ngle and stacked die of scaled-up
eight-wire PBGA and actual size PBGA respcctiveléthc ﬁcrcpancics in the filling
volume of tests 1, 2, 3 and 4 at 13 s, 4 s and 12 s are calculated. As summarized in
Table 4.1- 4.4 and Figure 4.1, the deviations of Test 2 and 3 from 4are found to be the

same and nominal (0.29% (scale-up four-wire PBGA), 0.30% (single die of scale-up
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eight-wire PBGA), 0.25% (stacked die of scale-up eight-wire PBGA) and 0.13% (actual
size PBGA)). Hence, for the present study, Test2 with 395498, 446143, 564465 and
478822elements are chosen as the optimum and closely with the experiment results of

fluid volume, in terms of accuracy and computational cost.

pable 4.1 Summary of grid independency test of single die of a scale-up four-wire
PBGA for 2 vents Case

Test 1 2 3 4 Exp.
Element 357,844 395,498 398,900 459,697 -
% filling volume at 13s  83.46 84.13 84.13 84.42 84.00
Deviation from size 5 0.96 0.29 0.29 - -

?ablc 4.2 Summary of grid independency test of single die of a scale-up eight-wire
PBGA for Case 3

Test 1 2 3 4 Exp.
Element 406,852 446,143 493,407 586,617 -
% filling volume at 4 s 97.83 98.02 98.02 98.32 99.00
Deviation from size 5 0.49 0.30 0.30 - -

?able 4.3 Summary of grid independency test of stacked die of a scale-up eight-wire

PBGA for Case 3
Test 1 2 3 4 Exp.
Element 498,072 564,465 598,483 634,341 -
% filling volume at 4 s 93.16 97.00 97.00 97.25 98.5
Deviation from size 5 4.24 0.25 0.25 - -

nable 4.4 Summary of grid independency test of an actual size PBGA for Case B

Test 1 2 3 4 Exp.
Element 467,092 478,822 499,614 537,192 -
% filling volume at 12s  78.95 83.66 83.50 82.52 87.13
Deviation from size 5 8.18 347 3.63 4.61 -
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scaled-up eight-wire PBGA prototype with corner inlet. The filling process of the
viscous fluid into the cavity was recorded on top of the transparent mould. FESI
simulation was also performed on the imitated package with single die and stacked die,
as presented in Figure 3.12 of Chapter 3. The tlow front advancement of the simulation
results was compared with the experimental results. The results showed that flow front
predictions from the simulation code had nearly the same profile with the experimental
results at different filling volumes. Figure4.10and Figure 4.11shows the comparison of
predicted FSI and experimental flow profiles for the scale-up eight-wire PBGA with
corner-inlet ncapsulation process from 21% to 78%and 19% to 80% of filling, which
includes wire sweep for single die and stacked die respectively. The simulation result
was substantiated by the experimental results by using the similar scaled-up eight-wire
PBGA with corner inlet izc, operating condition and material properties in the present
numerical study. The predictions of flow front profiles and percentage of mould filling
were well matching with the experimental results at all stage of filling. The percentage
of filled volume at various stages versus percentage filling time for Case 3 was
compared in Figure4.12; the maximum discrepancy was found about 6.0% and 4.97%
for single die and stacked die respectively f a scale-up eight-wire PBGA with corner

2
inlet. The predicted test fluid flow profiles showed a good agreement with the

experimental results, at all percentage of filling stages.
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comparison shows a good agreement; therefore, this has demonstrated that the
measurement of inlet pressure was reasonable in the experimental and simulation

studies of the current research.
22.4 Actual Size of PBGA Encapsulation Process

4.2.4.1 Fluid Flow Profiles

This simulation result was substantiated by the experimental results of Chen
(1990) by using similar size of PBGA, operating condition, and material properties in
the present study. The comparison of Case B simulation and experimental results for the
melt-front profiles is shown in Figure4.18. The predictions of flow-front profiles and
percentage of mould filling matched well with the experimental results in all stages of
mould filling. The percentage of the filled volume at various stages versus percentage of
time of Case B is compared in Figure 4.9.

UDFs allow the user to customize FLUENT, and it can significantly enhance its
capabilities. Based on the observation (Figure4.18), the experiment and simulation of
the melt-front closely match each other except on a number of voids observed in the
experiment. The shape of the melt-front begins to diverge as it contacts the leading edge
of the die. One melt-front is located directly above the dies, and the other on either side
of the dies. The effect of dies is clearly shown in the melt fronts. The flow is retarded in
this region due to flow resistance, causing the flows in other regions to advance. These
results indicate that the simulation results are in good agreement with those of the

experiments.
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4.3.2 Wire Sweep

Figure 4.22 ﬁustrates the phenomenon of wire deformation, predicted by
ABAQUS. The deformation has been calculated at Point A (Figure 4.23). The wire
sweep of wire 1 and wire 4 for all cases are shown in Table 4.5. Figure4.24 shows the
wire deformation in x, y and z directions for all wires of two-outlet vent arrangement. It
can be clearly understood that the wires deformed to the horizontal (x) and vertical (y)
axes (Yao, et al., 2005). For the wire 1, the deformation is the tendency in the z-
direction and wire 2 in the x-direction respectively. The comparison of deformation
magnitudes of wires 1 to 4 are shown in Figure 4.25. It is found that wire 4 has the
highest deformation in the x-direction (Figure 4.23(a)). However, wire 1 has larger
deformation in y and z directions as shown Figures 4.23(b-c). These deformations are
due to the positioning of wire and the directions of wire bond span. In Figure 4.25,
wires 1 and 4 show, higher deformation compared to wires 2 and 3. This is due to their
orientation and the direction of EMC flow during the encapsulation process. The
magnitude of wire deformation for each wire is also estimated and plotted as shown in
Figure4.26. It is clear that the wires 1 and 4 are significantly deformed compared to
wires 2 and 3, in all cases. At the same time, it is worth noting that, as the number of
vents increases, the sweep tendency decreases, presumably due the reduced pressure

force inside the cavity.

?able 4.5 Wire deformation predicted by ABAQUS of different outlet vent

Number of vents/No. of wire Wire sweep (mm)
Wire 1 Wire 4

2 vents 0.65 0.60
4 vents 0.49 0.57
6 vents 0.37 0.55

Uncertainty deformation on

real wire sweep in industry 0.80

(Jong et al., 2005)
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Eowcvcr, during dynamic mould filling process, other factors such filling pressure,
temperature change due to non-Newtonian flow behaviour of the moulding packages for
different number of vents of cale-up four-wire PBGA.

Figure 4.33 Predicted conversion of the mould compound at top and bottom
view of the ompound and shear rate variation within the mould cavity make the
prediction of conversion level to be quite difficult. The top and bottom view of
conversion distribution of the packages is presented in Figure 4.33 for different number
of outlet vents. It is observed that the conversion level is quite low at the cavity inlet
gate and outlet vents, but higher around the package region. The predicted conversion of
the mould compound at 15 s is 8.01e-01 for 2, 4, and 6 vents. This phenomenon is
reasonable with the vents number variation. This is predictable since the combination of
the Castro-Macosko viscosity model and the Kamal cure kinetics model have taken into
account of two important factors, i.e. the dependence viscosity toward shear rate and
dependence of conversion level (which also affects the viscosity of the moulding
compound) toward temperature.

Mould filling of thermoset polymers consists of two competing events which
usually occur simultaneously during the process. These events are: a) reduction of
viscosity with shear rate due to non-Newtonian behaviour of the polymer fluid and b)
increase in viscosity as the results of chemical reaction that occur during thermoset
curing (Ardebiri and Pecht, 2009). The ucccss of the mould filling process for
thermoset polymer relies greatly on the compromise of both events and their
dependence on process temperature. The filling must be as fast as possible to take full
advantage of the first event; but when it comes to intricate and restricted moulding
process such as IC packages encapsulations, the filling process would not be as smooth
as anticipated, due to the second event. This is quite true in the vicinity of the package
region where it is estimated that the melt front velocity is slower enough to cause
initiation of the second event. In addition, the slower the fluid flows in these regions;
more contact time is available for the compound to absorb heat from the mould surfaces

which enhances the degree of conversion as observed in the simulation results.

113

UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah
3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area

Document Accepted 1/7/21

Access From (repository.uma.ac.id)1/7/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



UNIVERSITAS MEDAN AREA

© Hak Cipta Di Lindungi Undang-Undang

Document Accepted 1/7/21

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



industry, the stress of the structures during FSI is difficult to determine and costly,
especially for miniaturised IC packaging. Therefore, this technique is essential for the
continuous improvement and the investigation of microelectronic reliability.

Figure 4.41a-4.46 illustrate the phenomenon of wire deformation, which
predicted by ABAQUS. Detailed view of maximum stress distribution of all cases of
wire 7, at maximum displacement is shown in Figure 4.41a, 4 41b, 4.42a and 4.42b that

emonstrates the highest stress around un-deformed fixed boundary, especially near to
the wire bonds for single and stacked die respectively. ?ccording to the simulation,
stress distribution varied according to the fluid force. At 2.0s, maximum stress was
concentrated at the joint between the die and the bumps (bending region). This means
the sweep displacement of wire is dominated by the bending moment instead of the
twisting moment (Kung et al., 2006). or clarity, only the two bond regions are shown
where the stress was concentrated for the higher deformation of wires (3 and 7).The
consolidated data of maximum Von-Mises stress in wire 3 and wire 7for the three cases
is éiven in Figure 4.43a and 4.43b. It is clearly shown that wires 3 and 7were subjected
to maximum stress, owing to the influence of higher pressure force. It is noting that the
stress increased significantly with the increased in the inlet pressure.

Figure 4.44a, 4.44b, 4.45a and 4.45b shows the shear stress of the structures
during the filling process gr single and stacked die respectively. The tluid flow into the
cavity subjected force upon the structure and induced stress in x and z direction as
shown in Figure 3.22 of Chapter 3.The axirnum shear stress distribution was
concentrated at the twisting region. The consolidated data of maximum shear stress in
wire 3 and wire 7 for the three cases is given in Figure 4.46.80mparison of von Mises
and Shear stress of Wire 3 and Wire 7 of scale-up eight-wire PBGA with centre inlet is
shown in Appendix G.

n the actual IC packaging, improper process control may lead the unintended
occurrences on the wire such as overstress and serious deformation. These may cause
failures or short circuit in the packaging. High shear stress can cause the reduction of
reliability; the wire may degrade or fail, due to the overstress. Therefore, the FSI
phenomenon during encapsulation for the actual-size of PBGA, and 3D packaging and

integration should be considered in the process.
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26.2 Effects of Inlet Arrangements on Wire Sweep Behaviour
4.?.2.1 PBGA Package with Centre Inlet

The wirebond profiles at several stages of filled fluid percentage volume are
shown in Figure 4.5 and Figure 4.6. It can be seen that the wirebonds were deflected in
the direction of the mould front. The greatest wire sweep occurs in the middle portion of
the die because these wirebonds being orthogonal to the melt-front generally are

subjected to higher flow-induced forces.
4.?.2.2 PBGA Package with Corner Inlet

The wirebond profiles at several stages of filled fluid percentage volume are
shown in Figure 4.10 and Figure 4.11. It can be observed that inlet gate position has a
significant effect on wire sweep. The shifting of the inlet gate from the centre to the
corner changes the flow pattern in the cavity and the pattern of wirebond deformation.
In this case, the melt front meets at the corner opposite the gate. Even though the
wirebonds in the region where the melt fronts meet may be deflected in directions
opposite to each other, the risk of wirebond shorting may be lower than that with a
centre inlet gate because the space between wirebonds at the corner inlet of the package

is normally larger.

E’? Wire Sweep Considering Rheology Effect of Actual Size PBGA Encapsulation

Process

Eifff:rf:nt EMC material properties show the different flow behaviours during the
encapsulation process. The characteristic of EMC material properties in electronic
packaging gives significant effect to the package during encapsulation such as void
formation and warpage on silicon die. EMC material properties with highest viscosity
may require the proper setting in processing parameter to reduce the void formation and
filling time. Thus, the EMC characteristic may cause the unpredicted flow front profile
in the encapsulation process. Three types of moulding compound with different material

properties have been utilized in the actual size PBGA encapsulation process, which is
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under extreme pressure often experience an increase in viscosity (Liang, 2001). Since
liquids are normally incompressible, an increase in pressure does not really bring the

molecules significantly closer together.

E’T .1 Analysis of Pressure Effect in Packaging

E’essure distribution during the mould filling process is also important in
electronic packaging, especially for the wire bonding and lead frame. Dissimilarity of
the pressures may give the undesirable effect to the wire such as serious deformation,
failure or fracture; hence, reduce the package reliability. Point position of measured
pressure is shown in Figure4.60. Thus, the pressure distributions during the PBGA
encapsulation process are observed in the present study. Pressure distribution of all
cases at Point 1, 2, 3 and 4 are shown in Figure4.61a and 4.61b and pressure behaviour
of each point of Case C is shown in Figure 4.62. From Figure 4.61, the milarity of the
pressure trends of Case B and Case C may be due to the viscosity behaviour that mainly
influenced by the complex rheological of the EMCs. This is evidently from the Figure
4.59, here they show the almost similar trend of the viscosity-shear rate although with
different values compared to the EMC of Case A. As illustrated in Figure4.62, the
maximum pressure at Point 1 is due to the impact of continuous flow from the inlet
gate. The pressure gradually educes with flow front advancement as evident from the
pressures at the symmetric locations of Point 2 and Point 4, and the lower pressure at
the location Point 3, which near to the outlet vent.

Pressure distributions contour for Case A, Case B and Case C c shown in
Figure4.63. The contour colours represent the pressure drop around package during the
filling process; higher pressures are observed near the inlet gates and lower pressures

around the outlet vent.
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4.7.5 Wire Sweep Analysis

Figure4.69 ﬁustrates the melt-front advancement for the PBGA package
obtained from FLUENT, and the phenomenon of wire deformation predicted by
ABAQUS. At the initial filling stage as shown in Figure4.69 (2s), to wire
deformations are observed. However, the wire deformation occurs when EMC fills and
covers the die and the wires in the package, or the wire sweep occurs when EMC
interacts with the solid surface of the wire, as observed in Figure 4.69 (4 to 14s). Figure
4.70 shows the percentage of maximum wire sweep of each wire, and Figure 4.71

lescribes the percentage of wire sweep in Case C at 6, 10 and 12 s. In the present study,
the effect of viscosity on pressure is found to directly influence the wire displacement
and drag force that act on the wire structure, during the filling process. Thus, wires that
experience a high viscosity flow or high pressure distribution are expected to deform
more compared to those at a low viscosity or pressure, as is clear from the increase of

wire sweep at wires 1 and 12, which are closer to Point 1.
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Proper control of filling time can reduce production cycle time and cost.

induce delamination (Tay and Lin, 1999) on the interface of the actual size PBGA.

Table 4.7Results the central composite design
Factor Response (Y)
Run (codec) Simulation Model Prediction
A B C ) 2 3 1 2 3
I 0 0 1 0.71874 4 0.09955 07065 4.1125 0.28031
2 -1 0 0 0.64396 10.5 0.80213 0.57339 10.7625 1.48013
30 0 O 0.87091 7.5 0.22754 0.86492 7.7125 0.26589
4 1 0 0 1.11645 5 0.08949 1.15645 4.6625 -0.9483
S 0 0 -1 0.94459 115 8.73617 1.02334 11.3125 7.41965
6 1 1 -1 0.42154 6.5 7.83664 0.48823 6.6375 7.5028
7 0 0 O 0.87091 7.5 0.22754 0.86492 7.7125 0.26589
8 0 0 O 0.87091 7.5 0.22754 0.86492 7.7125 0.26589
9 0 0 0 0.87091 7.5 0.22754 0.86492 7.7125 0.26589
0 0 -1 0 1.78421 725 0.23322 1.66608 7.7125 -0.4299
mnm -1 -1 1 0.96508 6 0.78257 0.93666 5.5375 1.40034
2 0 1 0 0.3527 7.5 0.16884 0.31776  7.7125 0.96169
13 -1 1 -1 0.23983 165 10.1431 0.16786 159875 10.7712
4 -1 1 1 0.21518 5.75 0.34034 0.33226 5.5375 -0.7968
I5 0 0 0 0.87091 7.5 0.22754 0.86492 7.7125 0.26589
6 1 -1 1 1.67217 3 0.15591 1.7824 2.6875 -0.1882
7 1 -1 -1 2.65929 7 1.10144 2.58048 6.6375 2.52249
g 1 1 1 0.35954 275 0.02316 0.28268 2.6875 0.7059
19 0 0 0 0.87091 7.5 0.22754 0.86492 7.7125 0.26589
20 -1 -1 -1 1.24965 16 9.28092 1.36478 15.9875 8.88213

1, 2 and 3 = wire sweep, filling time and void.

159

A, B, and C = inlet pressure, gamctcr of wire, vent height.

In the actual size PBGA encapsulation process, the stress and deformation of
wire imposed on the structure are resulted from the fluid—structure interaction. Thus,

wire sweep (Y;) was evaluated during the encapsulation process. However, package
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filling time (¥>) and void in the package (Y3) were estimated at the final of the process.
From the CCD batch runs, the maximum wire deformation is 2.65 mm, when high inlet
pressure (5 MPa) is applied to 0.03 mm of diameter of wire, and 0.40 vent height.
Therefore, this situation should be avoided in the PBGA encapsulation. oreover, the
lowest void formation is found on run 18, whereas the middle inlet pressure, wire
diameter and vent height applied. This condition may be attributed to the large pressure,
which gives lower resistance to the EMC to freely flow through. The fastest filling time
(3 s) for run 16 is achieved at the highest inlet pressure (A) with 0.04 mm for factors B,

and 0.22 mm for factor C.
4.8.2 Regression Model Equation and Analysis of Variance (ANOVA)

The regression models for responses, maximum wire sweep (¥;) filled time (Y>)
and void in package (Y3), and were selected based on the highest-order polynomials, the
significant additional terms and the absence of aliased models through the software. The
best fitting was the quadratic model (Eqs. (4.1)- (4.3)) for all significant model terms
(values of “‘Prob> F’’ less than 0.05) as suggested by the software.

Based on the sequential model sum of squares, the models for wire sweep and
filling time percentages reduce were selected based on the highest order polynomials
where the additional terms were significant and the models were not aliased. The
models were coded as Y, Y,and Ystor wire sweep, filling time and void respectively.

The quadratic model for wire sweep, filling time and void terms, Y;, Y>and Y;
re selected as suggested by the software and are shown in Egs. (4.1), (4.2) and (4.3).
The ndependent variables in the models were inlet pressure, wire diameter and vent
height and were coded as A, B, and C, respectively. The final empirical models used to

generate coded factors for each variable are as follows:

4
Y,=0.8649215 +0.2915288A4— 0.6741609B8— 0.1584183C + 0.1269982B°

— 0.2238325AB— 0.09248875AC+ 0.14813BC 4.1)
Y= ’EIZS —3.05A-3.6C+1.625AC (4.2)
Y =0.265893 — 1.21424A+0.6958B— 3.56967C+3.584086C” + 0.772815AB
+ 1.192763AC— 1.02154BC (4.3)
160
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4.8.

The quality of the model was evaluated based on the coefficient of determination in
additio& to the ANOVA statistical analysis. The ANOVA results for the quadratic

model for wire sweep, filling time and void percentage reduce are shown in Table 4.6 —

Tables 4.7 — 4.9 show the ﬁOVA results for the models (Y¥,-Y3). In the
ANOVA analysis, the quality of the model was evaluated according to the coefficient of
determination (R?). The information from the ANOVA analysis showed the R? for every
empirical equation (Eqs. (4.1)-(4.3)) ere 0.98, 0.99, and 0.96 for responses Y; to ¥;;
meanwhile, the standard deviations of each model were 0.08, 0.31, and 0.88. The R?
values of all models were considerably high. Thus, the percentages of total variability of

each empirical model were 98% (Y;), 99% (Y>), and 96% (Y';), respectively.

qable 4.8 ANOVA of quadratic model for maximum wire sweep (Y;) with operating
parameters (Inlet pressure (A), Wire diameter (B), and Vent height (C))

gurcc — — i Prob> F
Squares Square Value

Model (¥;) 6371207 7 0.91017 121.371  <0.0001
A 0.84989 1 0.84989 113.333  <0.0001
B 4.544929 1 4.54493 606.065  <0.0001
(o 0.250964 1 0.25096 334659  <0.0001
B2 0.080643 1 0.08064 10.7537 0.0066
AB 0.400808 1 0.40081 534477  <0.0001
AC 0.068433 1 0.06843 9.12557 0.0106
BC 0.17554 1 0.17554 23.4082 0.0004
Residual 0.089989 12 0.0075
Lack of Fit 0.089989 7 0.01286
Pure Error 0 0

td. Dev. 0.086597 ESquared 0.98607
Mean 0.928421 Adj R-Squared 0.97795
C.V. 9.327366 Pred R-Squared 0.80463
PRESS 1.262305 Adeq Precision 44.0509

L
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?ablc 4.9 ANOVA of quadratic model for filling time (Y>) with operating parameters
(Inlet pressure (A), Wire diameter (B), and Vent height (C))

30) Sum of Mean F

Source Squares Square Value Bl
Model (¥>) 243.75 3 81.25 847.251 < 0.0001
A 93.025 1 93.025 970.037 < 0.0001
C 129.6 1 129.6 1351.43 < 0.0001
AC 21.125 1 21.125 220.285 < 0.0001
Residual 1.534375 16 0.0959
Lack of Fit 1.534375 11 0.13949
Pure Error 0 5 0
Std. Dev. 0.309675 ﬁSquared 0.99374
Mean 7.7125 Adj R-Squared 0.99257
C.V. 4.015231 Pred R-Squared  0.98823
PRESS 2.887262 Adeq Precision  96.0353

?able 4.10 ANOVA of quadratic model for void in package (¥3) with operating
parameters (Inlet pressure (A), Wire diameter (B), and Vent height (C))

Sum of Mean F
gurce Squares Square Value L

Model (¥3) 2357469 7 33.6781 43346  <0.0001
A 1474382 1 14.7438 18.9763 0.0009
B 4841383 1 4.84138 6.23119 0.0281
C 1274256 1 127.426 164.005 <0.0001
c2 6422837 1 064.2284 82.66603  <0.0001
AB 477794 1 477794 6.14953 0.0290
AC 1138147 1 11.3815 14.6487 0.0024
BC 8.348394 1 8.34839 10.745 0.0066
Residual 9.323517 12 0.77696

Lack of Fit 9323517 7 1.33193

Pure Error 0 5 0

Std. Dev. 0.881453 ESquared 0.96196

Mean 2.057936 Adj R-Squared 0.93976

C.V. 4283191 Pred R-Squared 0.57362

PRESS 104.4925 Adeq Precision 21.0223
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4.8.3 Eﬂ"ect of Factors on Wire Sweep, Filling Time and Void
4
The sensitivity of each factor was identified through the perturbation plots as
presented in Figure 4.72a and 7.72b for (a) wire sweep, (b) filling time and (c) void.
Wire sweep was mostly influenced by inlet pressure and wire diameter as compared to
the outlet vent height (Figure 4.72a). Inlet pressure and vent height appeared to be the
most influential factor for filling time and void (Figure 4.72b).However, the vent height
had shown a dominant effect to percentage of void in the encapsulation process (Figure
4.72 (c)).
2.66 —
205 —
;?T 1.44 —
= 0.85 —
0.22 —
I 1 | I I
-1.00 =050 0.00 0.50 1.00
Deviation from Reference Point
(g Wire sweep
163
UNIVERSITAS MEDAN AREA

. - . Document Accepted 1/7/21
© Hak Cipta Di Lindungi Undang-Undang

1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah

3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area Access From (repository.uma.ac.id)1/7,/21



16.50 —
13.06 —

= o
B z
= 063
2’)
oo

6.1 —

275

| T T |
-1.00 0.50 0.00 0.50

Deviation from Reference Ponit

(b) Filling time

pressure, B = wire diameter, and C = vent height)

plgure 4.72a Perturbation plot for: (a) Wire sweep and (b) Filling time. Coded values

for each factor are referring to the actual values listed in Table 3.2. (Note: A = inlet

10.14 —

7.37 —

4.60 —

Void (%)

1.82 —

0.05 —

T T T ]
=100 (150 0.00 0.50

Deviation from Reference Point

(¢c)Void

C = vent height) (Continued).

164

Figure 4.72b Perturbation plot for: (c) Void. Coded values for each factor are referring

to the actual values listed in Table 3.2. (Note: A = inlet pressure, B = wire diameter, and
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%16 factors exhibited crucial effects on_the particular responses in the PBGA
encapsulation process are as mentioned above. Inlet pressure (A) showed a significant
effect to the wire sweep, percentage of void formation and filling time. This situation
may be ascribed to the EMC flow in the feeding process, whereas at high pressure,
faster flow front shortens the filling time and reduces the void formation (Khor et al.,
2012b). The oid formation can be minimized through high pressure and low transfer
speed (Liu et al, 20043).0m the perturbation graphs (Figure 4.72 (b) and (c)), the
design of the vent height (C) crucially affected the filling time and void formation. The
increased in wire diameter reduced the wire sweep and the increased vent height
reduced the filling time. This may provide a challenge to the package designer when
using a small wire diameter with the vent height arrangement in the moulded PBGA
package. Alternatively, this problem can be overcome by increasing the number of
wires in the package; meanwhile, the application of high density (number) of wires had
reduced the wire sweep (Jong, 2005).

Moreover, vent height (C) mainly affected to the filling time and void formation
as illustrated in Figure 4.72(b) and (c). Small wire diameter experienced high wire
deformation in the encapsulation process. The wire experienced an interaction with
continuous EMC flow and the unstable flow front induced unstable forces acted on the
wires. As mentioned in sub Section 4.6.2, void formation would induce the
delamination (Tay and Lin, 1999) problem in the actual size PBGA package.

Other factors such as inlet design (Lee et al., 2008a), vent arrangement (Chai
and Zohar, 1999; Lee et al., 2008b) may influence the void formation in the IC
encapsulation.

Figure 4.73a and 7.73b gepicts the 3D surface response and contour plots of the
quadratic model, which was plotted using Design Expert software to study the
interactive relationship between each factor and responses. In the 3D surface response,
the selection of two variables and a constant variable was determined according to the
level of sensitivity towards the responses that depended on the perturbation plots in

Figures 4.72.
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4.9 Summary

This chapter has explained the results from the research work in the
encapsulation process of both the scale-up and the actual size PBGA. This study started
with the grid independent test for all cavity designs. Grid independence test is
performed to obtain the optimum mesh size. Five different mesh sizes were tested, and
the corresponding filling percentage were calculated for a scale-up single die with four-
wire in a PBGA package, a scale-up single and stacked die with eight-wire in a PBGA
package and also finally an actual size PBGA.

The experimental and model validation of fluid flow and wire deformation for
scaled-up four and eight-wire PBGA and actual size PBGA encapsulation process were
obtained for the validation of simulation.

Several parameters for the observation of wire sweep behaviour of scaled up and
actual size PBGA such as stacking die, inlet and outlet arrangement and inlet pressure
were studied. The wire eep profiles and pressure distribution were analyzed and
presented. The flow front of test fluid and EMC and wire sweep phenomenon could be
simultaneously visualised through the FSI simulation and experiment.

The physical and process parameters of the PBGA package in the encapsulation
process were optimized through RSM. The influence of three factors (i.e., inlet
pressures (A), wire diameter (B), and vent height (C)) were modelled and optimized to

minimise wire sweep (Y;), filling time (Y>), and void formation (¥3).
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