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ABSTRACT

In this Thesis, alevel set method is applied to the fluid flow problem of a molten solder at
Head GimbalsAssemblies (HGA) Long Tail (LT) and Flex Circuit Board (FCB). The system
constituted by air and molten solder is considered as a domain composed by two fluids which
have different densities. In particular, a fluid-like constitutive behavior is assumed for solder as
well as a Newtonian one. The 3D model simulation is used for predicting the solder mass towards -
HGA LT layer. And the 2D model simulation is used for Heat transfef that relates to the volume
of power applies. The simulation results from 3D model indicate that the optimum time setting of

a molten solder is 0.25 seconds at 110 Watt , the power apply.
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Nomenclatures

Latin capital and lowercase letters
P Density(kg/ ,,f)

u Velocity (m/s)

P Pressure (Pa)

F Gravity force

Cp Specific heat capacity at constant pressure (J/(kg-K))

T Absolute temperature (K)

k Thermal conductivity (/(m-K))

Q Contains heat sources other than vicious heating (W/(,,f)
¢ Level set function @(x,f)=0

X Area coordinates

HSA  Head Stack Assembly

APFA Actuator Pivot Flex Assembly
FCB  Flex Circuit Board

HGA Head Gimbals Assembly

LT Long Tail



Chapter 1

Introduction

1.1 Background and Significance of the problem

The modern technology for electronic device connection within Hard Disk Drive (HDD)
for and the near future are far more in complexity and smaller which cause of the two forcing
factors they are the products of HDD and digestion criteria is to prepare the new procedure to
assembly all devices together and also encourage high capacity hard disk products which more 2
terabyte. First topics for which we have to give more consideration is the connecting of all

fraction devices for signal launch. It must be low resistance and gratifying bandwidth together .

Figure 1.1 Hard Disk Drive component

Figure 1.1 shows HDD and its component when the cover is open the highlight and
obviously parts as such case is the black square box which protect and supported all
compartments within, Disk is a big brown circular plate on which data is storage. Head stack
assembly taper to a pointed triangle which is colored white, It holds the reading head and writes
all data in the disk and VCM half circulate plate like, if will control the moving of H SA on the
disk



When the size of HDD is small size the other compartment is also smaller by design.
The compartments as such read and write heads while there are in the same properties or better
the more reading beads means less of the area between connector which smaller than the old

ones. These make more complexity for the works of assembly.

SN = 7k

Figure 1.2 Head Stack Assembly and zoom in Head Gimbals Assembly 2 heads

Figure 1.2 shows the H SA, the original design HDD Technology which is not the same
: -complexity that show H SA feature at left side of figure. The quantity of HGA has only 2 heads

that show the head feature at right side of figure

& 5
e85 : b
S % - ! =

Head Stack Assembly and zoom in Head Gimbals Assembly 10 heads

Figure 1.3 shows the H SA, the modern design with far more complexity that show H SA
feature at left side of figure. The quantity of HGA has an addition of 10 heads that show the head
feature at right side of figure In designation, There are a number of compartments but with the
size of APFA and its density are still not different, thus if must be redesigned in order to size

smaller HGA, where its properties are in the same.
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Figure 1.4 APFA and HGA before assemble

Figure 1.4 shows the APFA and HGA , Assembly of the two parts by the procedure
called Swaging process and then, It shall be into banding process in order to conjoin the FCB
(Flex Circuit Broad) where a piece of APFA, to couple with long tail ( LT), which is a tail of
HGA

PLL Ultrasonic )
Generator Barrel (" Oscillatory Shear Forces
f e <>
11 Concentrator
Static
| | Compressive

— s
.*- e

\7 Bonding Wedge
Piezoelectric Driver Workholder 5

Figure 1.5 Diagram of an ultrasonic wire bonding system [1]

Figure 1.5 shows the diagram of an Ultrasonic wire bonding system. The observation of
its workings are considered, the work pieced the shall be bonding, will placing on the work
holder, in these research, the bottom of these work pieces will be FCB and lay down on it with
LT, then pressed with bonding wedge. These pressing forces are called static compressive force,
while LT will crunching with shake forces called oscillatory shear force to generate from

piezoelectric drive and transfer force by concentrator.



The bonding materials that fixed a piece of FCB and LT are pieces of small and tin brass.
This bonding procedure was in the production epoch called bonding process. As said above, the
modern procedure is ultrasonic wire bond and pressed the ceramic pin (Bonding Wedge) on goal
layer at LT where placing on the FCB. When the sheer force and compressive force at the end
point of the banding wedge shall hit and rubbed together, then it’s a cause of heating on its
surfaces and melting to each other’s (See in figure 1.5)[1].

Changing in designer of LT and became smaller, The following results are able to place
LT on FCB, better than the old pattern, while there were in the same expanded of FCB. There
changing could be responsible to the high capacity of HDD. The smaller of LT wide and
reformations, itself then could be utilized the primeval bonding called ultrasonic wire bond, any
more.

From the study of bonding development for LT and FCB by using of the media
substance, the is lead bonding, it became the moistest popular substance in electronic factories,
Using of laser in bonding process are performed by laser for bonding formations (See figure 1.5)
There concept is to use high challenge and geometrical corroborate of LT. The importance of the
aments of banding and laser, is that the operational factors for the new bonding process shall be

better.

Pre-Solder
Key hole

Figure 1.6 Feature designs for FCB and LT

Figure 1.6 shows the picture of the real FCB and LT, before assemble. On the left side is
the FCB where installed with APFA, The procedure of assemble can see in figure 1.4 as seen in

the picture, the dots are pre-solder, It comes with FCB. On the right side it’s LT, where a tail



pieces of HGA, and can see its position from figure 1.4. And the hold as seen, called key hole. It

will be used with pre-solder, as seen in the left side of figure 1.7.

Laser beam Laser beam

Figurel.7 Laser beam direction at bonding process

Figure 1.7 shows the assembly of FCB and LT before bonding process and refluxing
position of laser beam. In the working duration, on the left it shows the real component part after
assemble and location of laser beam. On the right shows it the detail of FCB and LT layer after

assemble.

Figurel.8 Good result after past bonding process

Figure 1.8 shows LT and FCB after past bonding process by laser beam. The result is
good well because of perfect melting of pre-solder, where seen from the flat plate of solder joint
after Solidification and disperses in specific areas, the layer of leads where placing and covering
on the key hold in gratifying volume, not reach the outer rim, which is made of a stainless steel

layer.



Figurel.9 The result is not good after past bonding process

Figure 1.9 shows LT and FCB after past bonding process by laser beam, the result is not
good, form figure 1.9 we found issue for two cases, first, the dispersion of lead layer was not in
an undesirable areas, it reached the outer rim, which is made of stainless steel layer with. It
would be the cause of short circuit issue. (See in figure 1.9 A marking) Secondly, Solder joint
melting was not complete .It would be the cause of circuit not connect issue. (see in figure 1.9 B
marking)

The primary assessment of solder joint, firstly (See figure 1.9 A marking) we can divide
if for two parts, they and temperature consideration in melt with acceptable period. The main
topics are also capable melting .of bonding leas which not burn the other layer of LT [5].
Component part means also the control of volume of Pre-Solder by examine of height and width
of its basement from the result. It might consider that there were over of solder volume, the
second problems (See in figure 1.9 B marking) as in the same leys, If divide it for two parts, they
are melting process, a position of laser beam where’s not pointed in the centre of Pre-Solder, then
there’re not heating anymort;, and also not melting. It must be préciously controlled to the real
points. And might be cause of punctuation between laser focus and pre-solder, was not in the right
position of working range, thus have to be well control all focus length in the period of bonding.
Component part from the result might be from the less of solder volume the layer lead cannot
flow into the key hole of LT, in order to cover it. With these two problems, the patterns of lead
layer in dispersion after bonding process were changing in an unacceptable pathway which
undesirable by their process.

The Study of final of solder joint shape, after join or mend with solder could be practices
by cutting at the solder point and inspection with high power microscope, due to not inspected all
internal structure with natural human eyes, by all means these transaction must have highly cost

and time consumption.



Model formation by computer program is another ways to prediction all aspect of solder
joint shape after past bonding process and also prevailing method which decrease time and cost.
This study was exploited COMSOL software to operate the model inquiry. Which divide into two
parts, Firstly the modeling of solder joint shape prediction by use of the level set method, And
when using of simulation result to analyses for solder joint shape predication of solder It’s also
describe another factors which affected to the solder joint shape in final stage. Second model is
thermal distribution.

Within HGA LT, there are only laser studying in bonding area. The result of these
examine for heat transfer from laser beam, The original sources, which sufficient power enough
to melt per-solder with acceptable condition with in the Transformation periods form liquids into
solid. Consideration form the following parameter, there are temperate and melting time. We used
general heat transfer of COMSOL program in order to analyze heat transfer’s problems of LT and

FCB

1.2 The aims and objectives of the study

1. Establish 3D simulatipn model, by reference with the real size of works in order to
predictions the shape of pre solder after melts and became solid.

2. Establish 2D simulation model in order to study systematic temperature which affected

to the change of pre solders shape.

1.3 Hypothesis

1. The simulation model which used the level set method capable to predict the final
solder joint shape after past bonding process.

2. The simulation model which used the level set method exposes the gratifying volume
of pre solders and also uses this value as a standard control of pre-solder.

3. The simulation model which used the general heat transfer capable to clarify

acceptable temperature and time from the real situation, with in the step of bonding process.



1.4 Theory or concepts used in this study

In this studies, Level set method shall predict the final shape of coupler and also study
all factors which affect the process of bonding which well developed for scrutinize the evolution
of bonding properties at the surface that means ability of changing explain in case of, could not
specify the different list or anything else. The highlights of geometrical properties of the surface
which can be directly calculate from vertical functions. Due to the pattern of beat transfer within
HGA LT and metal sheet solder the examiner of power transformation rate in term of heating
which establish within. It might occur between the two systems or between one’s system and
environments, when there were different in terms of temperature. It no need have to transfer to
be a thermal power or several type of it when the different of temperature in the system caused
the power up from beat transfer from high temperature to the laser. At the slope temperature
where derived from the dispersion of temperature. And when the dispersion of temperature are
recognized, It could be searching for heat transfer rate. There are 3 types of Thermal exchanges,
heating transfer by the law of Fourier, heat conductions. Law of Newton, release and remove

the heat by prostrate of thermal radiation Law of Stefan-Boltzmann.

1.5 The Scope of research

1. Establish 3D and 2D simulation by model COMSOL program this design have to
reference with the real size of works,

2. Experiment of 3D simulation model by Level Set Method.

3. Experiment of 2D simulation model by General Heat Transfer.

1.6 Thesis Structural
This thesis is divided into content, which consists of 5 chapters.
Chapter 1. Background and Significances of the problem
Chapter 2. Theory and Literature review
Chapter 3. Modeling setup
Chapter 4. Result and Discussion

Chapter 5. Conclusion Acknowledgement



Chapter 2

Theory

This study examined the physical of behavioral change on the surface movement If is
vary requisites to concurrence the environment which affected to the physical change, either the
changes which acceptable or not analysis of the variables which affected to the moving of liquids,
is the most prevailing procedure with the basically to the change which abundance result, thus
manage and controls these result then we can definite the changes into the acceptable pathways
and all these occurring were measure for the concluded results.

With these basically practices shall be apply within this study, in order to analyses the
variables which affected to the alteration of liquid solder. A piece of read and write heads which
a part of HDD Form bonding process by solder joint. The results of the study indicated that there
are many topics where couldn’t clarified with the external aspects as such liquid solder dispersion
in melting periods and shape of solder joint on the bottom side of LT after solidified. And finally

interesting are thermal transferring within the LT.

2.1 Literature review

The Study begins with studies the other qualified and completely researches for
implementation of the approved studies. This study used and apply the families researches. Next
mention of literature reviews have underscored the perspectives of studies in this research and
also pleasant to comprehend by the reader this study also clarity the above 5 researches in details,

as following.

2.1.1 Research of Y X. Gao. et,al [2]

Present solder profile with two factors those are surface tensions and gravity field by the
principle of kinetic law. In order to predict the physical change of molten solder and, also
basically to predict the physical change of solder it was recommended to examine the wetting
angle and spreading area. And the both changes were depending on time, and also influence to
solder shape and movement at the linkage of solid, liquid and gas, which move the surface

tensions and gravity field.
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#1: Molten Solder

#2: Substrate

Figure 2.1 A molten solder spreading on a substrate [2].

Figure 2.1 shows the elementary dispersion of liquid solder on the surface. The three
materials appear in this picture # 1 Molten solder # 2 Substrate and # 3 Gas Interface meaning is
jointing point between three materials solid liquid and gas.

Solder profile could be calculated by arithmetic method by comparative changing
approach of wetting angle and spreading area in different time. It indicated that the step of
dispersion of soldering leads at first shall be quickly disperse and then slow down profile where’s
not symmetry in dispersion with the principle of Kineti.c‘ Laws, that is the study of changing
behavior for two factors. Firstly, solder profile is solder height when considerate from simulation
result, from the highest point and then decrease. Second, the movement at the linkage point of
TPL that is continuous decreasing of wetting angle and rush-up till the lowest point, thus, It’s

continuous constant.

2.1.2 Research of Tanai L. et, al.[3]

It is the best example and coincidence with this research, because they’re establishing his
stimulation model by COMSOL program, in order to predict the dispersion liquid aluminum on
the face of stainless steel. 2D study were occurring, in symmetrical axial by level set Method, to
explain the motion of free surface in the state of liquid and used COMSOL to study convection

and conduction heat transfer for dropping of liquid aluminum on the surface of stainless steel.
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Figure 2.2 Computer generated images of aluminum droplet before and after impact [3].

Figure 2.2 shows the result from simulation model for shape prediction of aluminum
droplet on an experimental time, from zero to 25 mill-Second (ms), gathering form the span of
time, at 5 milli-seconds (ms). The dispersion of aluminum liquid is visible at the three axial
(x,y,2) a circular shape which trends to be bigger from the origin and reach the biggest point at
t=25 ms. By the lay , the changing in Z axial, Originated from the highest point at t= 0 ms. It
means the circum diameter of aluminum droplet shall be decreasing and run to the lowest point at
t=25ms

When considerate the result from Tanai L. et, al. In summary, COMSOL could be predict
the shape of dispersion of aluminum droplet on the surface liquid aluminum droplet on the
surface of stainless steel, but need have to rectify on boundary conditions at the interface such as

the contact angle between the liquid and the substrate

2.1.3 Research of Kwang-Lang Lin ez, al. [4]

They present the study of leads soldering linkage. The topics, they’d concerned with
were the solder thickness and spreading area after soldering process. The factor which affected to
both topics are the reflow of temperature, solder volume, Soldering forces and location of devices

where installation on substrates.
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Figure 2.3 Solder patterns applied in this investigation [4].

Figure 2.3 shows the experiment of solder pad for width 5 cm long 12 cm. material is
copper alloy. To made square hole dimension is 30 x30 micron until 150 x 150 micron. The depth
is 100 micron totally 12 holes

In experimentation, apply 95Pf — 55 n of leads and melting by controlling temperature at
330-36¢elcius. With 4 steps, drop the liquid leads on the silicon sheet where’s already bore
different 12 holes, which out on copper allow plate with nickel as a substrate. The amount of
droplet liquid leads were 0.005-0.020 ml with 4 levels, for 10 times and measured a solder
thickness of each points, then used these thickness data of each experiments to find the means of
each point. It’s about 10% approximately. These results indicated that there was no changing in
the shape among the solder thickness, especially in the smell areas. Because the gravitational
forces are far more influence than the surface tension of soldering leads and solder thickness
where derived from solidified of leads were relatively with the areas of the holes [4]

The information which Kwang-Lung Lin. Et.al presented should be regulated and
concurrence with this study there are;

1. The area of the holes on the sheet, when comparing with this study, it is polyamine
layer on FCB.

2. The amount of leads which assed, comparing with this study, is pre-solder on FCB.

3. Size of the pattern, including with thermal changes, comparing with this study, is the

temperature within LT which derived from laser beam, which used to melt the Pre-Solder.
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2.1.4 Research of S. G. Kandlikar. et,al [5]

The present of this paper work and reports an experimental study conducted to
characterize the contact angle variation as a function of the heater surface finish, heater material,
and heater surface temperature prior to impact. It is seen that the dynamic advancing contact
angle extends beyond the equilibrium advancing and receding contact angles during the motion of
the interface. Since the droplet spreading is influenced by the dynamic advancing contact angle, it
is proposed to use the dynamic contact angle measurements in the available models for maximum
spreading ratio. The experimental results obtained on the maximum spreading diameter indicate
the validity of this approach.

Objective of the research is the understanding of various phenomena associated with
advancing and receding contact angles of a liquid-vapor interface, the present work focuses on
experimentally measuring the contact angles at various stages as a liquid drop impinges on at
heated surface. The effects of surface roughness, surface material, and surface temperature on

dynamic advancing and receding contact angles are studied.

Kﬁ(b)

o B E 0

gw -~ —gw 0

Figure 2.4 Droplet impact on an unheated surface droplet impacting [5]

Figure 2.4 shows droplet impacts on an unheated surface droplet impacting on three
surface materials are copper, stainless steel, and the silver stone. The copper and stainless steel

are both polished using the one-micron slurry.
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They have a surface roughness of 0.0002 mm for the copper surface and 0.0001 mm for
the stainless steel surface. The silver stone surface was tested using the factory finish with a

surface roughness of 0.00135 mm.

Figure 2.5 Contact angle on difference surface roughness of copper material [5]

Figure 2.5 shows experiment set up of contact angle on difference surface roughness.
The droplet is gently placed on the surface using the needle. The advancing contact angle was
‘measured on the downhill or left hand side and the receding contact angle was measure don the
uphill or right hand side. To check whether the angle is the true advancing and receding angles,
the surface is tilted further to 45 degrees. The angles remained nearly constant indicating that

these are representative of the advancing and receding contact angles respectively.

120
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‘g) 100 | ¥ X Stainless Stee!
(a] + Copper, advancing
- e X Copper. receding
o X
—g 60 >4 +
g X +
x 408 + =
‘2 X a o X
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Surface Roughness, R, (um)

Figure 2.6 Contact angle and surface roughness [5]
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Figure 2.6 shows contact angle and surface roughness equilibrium, advancing, and
receding contact angles for horizontal unheated copper and stainless steel surface. These contact
angles for different surface roughness values for copper surface.

The effect of roughness is seen to be important for advancing contact angles near very
low roughness values. As the surface becomes smoother, the advancing contact angle becomes
higher. For higher roughness values the contact angles seem to remain almost constant, although
some increase is noted at higher roughness values. It is also noted from Figure 5 that the
equilibrium contact angle lies somewhere between the advancing and receding contact angles.
Since the equilibrium contact angle depends on the history of the interface.

One knowledge to interacting from this research is the effect of temperature on dynamic
advancing and receding contact angles is seen only around temperatures between 140-150° C. At
this temperature it is suspected that the rapid evaporation near the liquid-solid contact region
influences the dynamic contact angles and both dynamic advancing and receding contact angles
become almost equal to each other. The experimental results show that the dynamic advancing
contact angles are significantly higher than the equilibrium contact angles. Furthermore the

equilibrium contact angle is not a unique measurement as it can vary between the static advancing
. and receding contact angles. Since the spreading phenomenon is affected by the actual dynamic
contact angle. It is recommended that this value be used in the modeling of spreading

characteristics of impinging droplets.

2.1.5 Research of Tamas Hurtony. e7,al. [6]

This study presents the procedure of electronic devices linkage by laser soldering,
Familiar with our study. Due to the linkage of small and complex component parts thermal
controlling which derived from laser beam to get along with the need is very important for
bonding. The main factors which have to pay more attention is the temperature from laser beam,
it must be standing on the gratifying conditions. Due to the different of melting point for
component part and solder as a media of conjoining at approximately 100 Celsius thus the main
topics which have to regard in laser soldering process ware solder melting and no burning at
another component part. These researches used finite element method to establish the simulation
model. To study the temperature distribution of solder structure by considers from reflection,
absorption and transmission a well as the Gaussian energy distribution of the laser beam. Design

upon which this experiments used the properties of ND: AG Laser (Wave length 355 nm). Type
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of determination for simulation model of laser beam, for the role of solder parameter was based
on plus energy average power, soldering time and laser beam intensity. Temperature distribution
result from simulation model compared with the results of the real temperature where measure by

the pyrometer.

% 355 nm laser beam
AN

pyrometer \

\,
N

N
\

y

L —

Figure 2.7 In-situ temperature measurement set up [6]

Figure 2.7 shows temperature measurements by pyrometer on flip chip surface the origin
of heating power is laser beam at wavelength 355 nm. The arrowhead inseams focusing points of
laser beam and also the measuring point of pyrometer these studies were highly reliability, due to
its simulation model can works well and acceptable predicts the temperature distribution and also
supported the measure of suitable heating for the real working and validated the result form
simulation model with experiment by compare temperature from the result form simulation model
with experiment by comparing temperature from the results it was apparent that they were
indistinguishable trends of changing, thus it support and confirm the efficiency of the model

The other researches as mentioned above was utilized and could verify the establish of
simulation model by COMSOL programs 3 in modes of level set method to predict the solder

shape after past bonding process.

Figure 2.8 Assemble locations between FCB and LT before bonding process
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Figure 2.8 show the assembly between FCB and LT before bonding process at red box
marking on figure. It is weighty points between FCB and LT. Pattern of liquid solder in
distribution were in the same ways, then single point manipulate was utilized to establish
simulation model and also behavioral analyze, to make clear and uncomplicated to conceive by

the readers. As exhibit, the area of FCB with pre-solder and FT key hole at figure 2.9

A

Ay

Figure 2.9 The geometry model of FCB with pre-solder and LT key hole.

Figure 2.9 show the model at FCB with pre-solder and LF key hold, which could be
looking for more details of component part that associated with FCB and LT and know , what’s

compost within form figure 2.10 cross section through A-A section.

= SST laver :

B Polvamine laver .

B Gopper layer LT

Polyamine layer '

Polvamine layer
—FCB

Copperlayer

Figure 2.10 Show detail of component layer at LT and FCB

Figure 2.10 show a detail of component part layer at LT and FCB. By the way, LT
constitute with 4 layers, from upper to lower. The first layer is stainless steel for strengthens of
LT. second signal transit and polyamine layer for electronic insulation. Second is copper layer for
electronic signal transit and Per-Solder, an intermediate media which used as a coupler between
FCB and LT

Form the literature reviews; it shall explain the all theories by computer programs that

are COMSOL 3.5. There were relatively factors, first is fluid flow. It’s illustrating the flowing

76499
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patter of liquid solder, by the equation of Navier —Stoke [6-7] second is level set. It will explain
the change of contact surface or the linkage between the three materials, there’re liquid, solid and
air [8], Liquid, in the case means Liquid Solder which movable or dispersion on the solid surface.
They are FCB and LT. The last is heat transfer; it will explain the energy transfer, where in temp
of heating within the system. It is constitute with laser beam, the origin, and thermal transfer by
distribution on the surface of Per-Solder [2]

As mentioned above the theories reveal the perspective of this study and facilitate to

understand the four theories in details.

2.2 Fundamental of Fluid flow

The Study of variables which affected the change of environments. It could let to predict
the possibility of changing levels. As in the same way, If we’re don’t want to change, it must be
well control the variables which the causes of these change.eg. The motion of liquid, the variables
is a solid as such surrounding surface, and also the air around. Each variable shall have got its
properties, itself, thus necessary to learn what it could be controls and then controlling them as in
this research, it has been studied the calculation principles of Fluid Flow, With the equation of
Nervier-Stokes. The main reason is, to use this equation of to make concurrence with the
equation of COMSOL Program. This research, also studied the variables which affected to the
flowing rate of Liquid solder on the surface of FCB and LT, firstly, the dispersion of liquid solder
could be measured from its height and areas of disperse. In this study flowing solder of liquid
and surrounding gas, as seen in figure 2.10, the areas around pre solder are empty, then liquid
solder and air can be moving around, thus simulation model were established in order to study the
motion behavior of liquid-solder and gas, Where reference from the flowing equation of

incompressible laminar flow [6-7]
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p%—V-u(Vu+(Vu)T)+p(u-V)+Vp=F (1)
Vu=0 (2)

From equation 1 and 2 o is the density(/‘g/m’)
U s the velocity (m/s) is time (s)
P isthe pressure (Pa)

F s gravity force

(7]
From first equation we can explain in four separate parts. First part ©—— meaning is

ot

. . T . .
accumulation of moment per unit volume. Second part V-u|Vu +(Vu) meaning is shear

stress. Third part p(u ’ V) meaning is rate of momentum. Fourth part Vp meaning is pressure
force. Last part /" meaning is gravity force.
In summary, the study used Fluid flow to contemplate behavioral motions of Liquid

solder on the surface of FCB and LT.

2.3 Fundamental of Level Set Method

The second theory is level set method. The cause of this study was for thé need of
coincidence with the operating equation for COMSOL Program. This study examined the
variables which affected the solder joint shape after past bonding process, that’s the continuous
results of Liquid’s motion. It said the shape of pre-solder to be changed liquid by laser beam and
turn back to solid again. Level set Method is numerical techniques which development to study
the evaluation on interface of surface. The highlight is capability to specify the change of contact
surfaces, in case of unable to explain with another procedures such as the broken of contact
surface or combination of contact surface. Another highlight is geometrical properties of contact
surface which directly calculated from level set function such as the right angle direction to the

contact surface which derived from equation 3 [6-7]

\%
o ()
Vel
Figure 2.11 Changing of t time. Position of contact surface was prescribed X value and
then,

#(x,1)=0 (4)

Where ¢ level set function and x is an area coordinate
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Figure 2.11 The Level Set function at difference time

Figure 2.11 shows a level set function at difference time with chain law and equation 3-4,

then level set equation obtain

g+ F|Vg|=0 (5)

Where F is motion velocity of contact surface.
In summary, the study used level set method to predict the final shape of solder joint

shape after past bonding process.

2.4 Fundamental General Heat Transfer

From the last theories, the motion on the surface of liquid solder can be analyze the
behavioral motions by the equation of nervier-stokes and solder joint shape after past bonding
process. It can predict from level set method for the both methods provided the hypothesis as the
situation which occurring in the melting periods of slider. It means liquefying to liquid at the
optimum temperature, but in practice it could not be 100% at all time. In this case, the thermal
energy means laser beam. Position and direction of laser beam on pre-solder were illustrated in

figure 2.9
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The study of heat transfer’s theories was a result of coincidence in purposes with the
calculation of COMSOL Program, in the same way this research examined the variable which

affected to the melting of soldering at bonding process.

S8T layer
Polvaminelayer . LT
C layer

Polyamine layer
Polvamine layer

--FCB
Copperlaver

Figure 2.12 Show direction of laser beam attacked on Pre-Solder

Figure 2.12 shows direction of laser beam attacked on Pre-Solder and component part
layer to prevent light reflex on other materials. If necessary to regulate the positions and diameter
of light .By the Hypothesis. Laser beam diameter should be less than diameter of pre-solder and
hole of SST, Polyamine layer (first and second layer of LT) form the model. It was found that the
size of laser beams were smaller than the hold of SST, Polyamine layer, by the assumption.

This was the study of energy transfer in temp of heating which derivation within the
system. It might be occurring between the both systems or within one system and environments
when temperature were dissimilarity, without alteration of energy from high temperature to the
lower, or another said, temperature gradient was created from temperature distribution. It shall be
recognize the ratio thermal transfer per Area. Heat Transfer could be consideration for 3 examples
there are induction Heat transfer by the law of Fourier conduction heat transfer, by Newton’s law
of cooling. Radiation heat transfer by the law of Stefan-Boltzmann.

Simulation model experiment by COMSOL Programs of this was utilized the

temperature distribution. With applying the equation 6 to calculate heat transfer of the system
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or
pC, = 4V (-kVT)=Q-pCu-VT (6)

Where, p is the density ( /g/”f)
Cp is the specific heat capacity at constant pressure (J/(kg- K))
T is absolute temperature (K)
k is the thermal conductivity (W/(m-K))
u is the velocity (m/s)
p is the pressure (Pa),

Q is contains heat sources other than vicious heating (W/(,,f)

In summary, the study manipulated General Heat Transfer to engage the column of heat

energy and time which accommodate to the melt of soldering.



Chapter 3

Methodology Set up

This chapter will illustrate all equipment and methods of experiment these experiments

were classified for four where divided for several topics in order to make clear for the reader.

3.1 The modeling for solder joint shape without HGA LT

Firstly, experimentation was the establishment of stimulation model by COMSOL
Program, by use of level set method mode to establish simple stimulation model the result from
this experiment is the guideline to establish a perfect simulation model in the third
experimentation, and use the result from this model to validate with the second experimentation
in order to study the behavioral motion of liquids on the smooth surface. At the beginning by the

level set mode, this could be set up as the following step.

Model Navigator

Es

o)

o T T b
) (
-

Description: 5 o
|Separated two-phase flow using a level set
{method to track the moving interface
wo-Fhase Flow, Laminar, Level Set between the two phases. Laminar flow.
@~ ® Two-Phase Flow, k-g Turbulence Model

@ ® Two-Phase Flow, Laminar, Phase Field «| {Transient analysis in 3D.

— L

Lok J[ conca J{ beb ]

Figure 3.1 Model navigator of level set Method

From Figure 3.1 show model navigator of Level set Method we follows with step a two.
After that, continue to draw the model by used dimension (See figure 3.2-3.3)

a) Go to the model navigator and select 3D in the space dimension list

b) In the list of application modes, then open the COMSOL metaphysics
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® Chemical Engineering Module
® Momentum transport
® Multiphase flow, on the list we select follows with as below
® Two Phase flow, Laminar, Level Set
c) Click to accept at multi physics bottom then click add bottom.

We have to separate two models for level set method. First is initial model for simulation
guide line (see figure 3.5). The geometry including rectangle air room box (w-0.7mm-0.8mm,
H - 0.25mm) and pre solder (dome shape 0.115mm) Second model is finally and the figure

overview follow with figure 3.2 and 3.3

Figure 3.2 Geometry of modeling for solder joint shape without HGA LT

Figure 3.2 shows the geometry of initial model assumed is Pre-Polder on FCB the

isometric box assumed is an air boundary of the bonding area.
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3.1.1 Physical set up
3.1.1.2 Sub-Domain Setting

Table 3.1 Sub-Domain setting of initial model

Sub-Domain number Material define Initial fluid
1 Air Fluid1
2 Solder, 60Sn-40Pb Fluid2

Table 3.1 shows Sub-Domain setting of initial model which used for set up the model for this

work, has two Sub-domain, first defines air and second defines solder

3.1.1.2 Boundary Setting

Table 3.2 Boundary setting of initial model

Boundary
Boundary type Boundary condition Remark
number
1,2,5,14 Wall Wetted wall Vertical wall of four side
4 Inlet Pressure, no vicious stress Top wall
3,6,8,10,12 Wall Wetted wall All of bottom wall
79,11,13 - Initial fluid interface Surface of dome surface

Table 3.2 shows boundary setting of initial model used for set up the model all of them are 14
boundaries. We defined boundary by refer with the real situation which existence on bonding
process lintel is the hydrostatic pressure; It gives the pressure at the inflow boundary. In this
model setting to pressure, no vicious stress Wetted wall is the boundary condition. It’s suitable for
solid walls in contact with a fluid interface.

The expectation results of this experiment was the change of pre-solder in term of height,
means the change of wetting angle. The results of this experiment will validate with the next

experiments.



26

3.2 Experiment set up of water droplet
The second experiments are water droplets on surface by study of behavioral motion of
liquids on smooth surface and then take these results to compare with the first experiment. This

topic can explain by three characters, as following

3.2.1 Equipment of experimental
There are seven pieces of apparatus within these experiments, as by figure 3.3 the

equipments have got their own responsibilities as follow.

Servo motor Pipette

Note book

Video camera

Substrate

Figure 3.3 Experimental apparatus for the high speed video for water droplet

Servo motor with linear guide used bushing cylinder rod of pipette. We set speed of
motor at 0.5 mm per second.

Transparency plastic pipette with capacity size 5 milli-lite. and with end point at 4 mm
will make the same size droplet of latter.

Use stainless steel as a substrate with area equals 10 mm’ of regular surface to support
water droplet from the end of pipettes.

Video camera used to record the photo of water droplet this system is a high speed video
camera which is able to record 60.000 shot per second.

Light make more luminous droplet especially at both sides of water droplet.

Manipulate the computer to manage motor and recording the video data.
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The operation of this experiment was the exposition of character changing by the step of

different time.

3.2.2 The method of experimental

a) To fill the water in pipette
b) Start motor/ Record video

c) Stop motor/ Stop video

d) Save data

3.3 The modeling for solder joint shape with HGA LT

The third experiment is the forming of simulation model by COMSOL Program with
level set method. In order to form the simulation model and establish the experimental. We use
the result of this program in the same way with the first one, but the volume of surface shall be
more since the simulation model are far more complex, the two main components here are HGA

LT and FCB

Figure 3.4 Overall dimension of HGA LT
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Figure 3.4 shows the geometry of HGA LT bonding areas at section R-R is top view,
Section U-U is under side and Details T show zoomed in at stop view of key hole, Details V that
show zoomed in at underside of key hole including demission of geometry. In one HGA
composed with 6 key holes, but in term of model forming. We used only one of them, for the
behavior, where establish in bonding process as in the same way for the six portions, which its

details of size will establish the simulate model where present in figure 3.5.

0020 mm $5T layer
0.012mm — = Polvaminelayer '_
0.0120mg . 0010mm B Compertayer | (HOALT
HAEHER s Polyamine layer
0.007 mm Polyamine laver
] ~FCB
0.050 yun . Copper laver

_ 0250mm,

|

Figure 3.5 A dimension details of HGA LT and FCB

Figure 3.5 shows model in the region of FCB with pre-solder and HGA LT key hold
which can be observed for more particular component parts which assemble with FCB and HGA
LT. Cross section along the line of A-A Section reference from figure 2.11. And adding more
detachment of density in each layer and pre-solder size which its details of size will be establish

the simulate model where present in figure 3.6 .

Figure 3.6 Geometry of modeling for solder joint shape with HGA LT
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Figure 3.6 shows geometry of finally model assumed is HGA LT assembly on PBC. The
entire geometry step key shape assumed to HGA LT. The isometric box on the key shape

assumed is air boundary of the condign area.

3.3.1 Physical set up

3.3.1.1 Sub-Domain setting

Table 3.3 Sub-Domain setting of finally model

Sub-Domain number Material define Initial fluid
1 Air Fluidl
2 Solder, 60Sn-40Pb - - Fluid2

Table 3.3 shows Sub-Domain setting of final model used to setup the model. For this
work has 2 Sub-domain. First defined to be air and second define to be soldered. (Dome shape in
figure 3.6)

3.3.1.2 Boundary setting

Table 3.4 Boundary setting of finally mod

Boundary Boundary type Boundary condition Remark
number
1,2,9,68 Outlet Velocity Vertical wall of four side
8 Inlet Pressure, no vicious stress Top wall
49, 51, 59, 62 - Initial fluid interface Surface of dome surface
Remaining wall Wall Wetted wall -

Table 3.4 shows boundaries setting of initial model used for set up the model. All of
them are 68 boundaries. We are define boundary by refer with real situation which occurred in
bounding process wetted well is the wetted wall boundary condition it suitable for solid wells in
contact with a fluid interface. It sets the velocity of component normal on the wall to zero. That is
outlet is the pressure which equal to zero, it equal to the pressure at the top them in flow
boundary. Because it is an out flow boundary we needn’t have to set any condition on the level

set function.
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In establishment of experimentation, In order to analyze the factors which affected solder
Joint shape after past bounding process? We used statistical transactions to from simulation
model. That in the DOE (Design of Experiment) to make clear for all readers, to appreciate the
meaning of DOE, we shall explain as briefly as we can. The primary purpose of DOE is to
empirically encourage knowing what we should have to control the changing of each factors on
its process in one process. There’re a number of factors, one of them in we could not control it.
Even so, it is a cause of a result which affect to the process, however, we sometimes have to
neglect or let it go naturally. In experimental design we call these factors "NOISE” but some of
them we could not let it change its nature, since it has more an effect to the process than noise.
We must control the changing of these factors in the right position and period which less affect to
the process, and we call it Key Process Input Variable (KPIV) after all, we also know the
performance or sequence of the process by using the indicator, as in one process, it might be
measured by one indicator or more. The method of measurement can be accomplished by devices
which present continuous values called Quanta dative variable. And if we practice by counting
and/ or ostentation which present non continuous values or qualitative variable by all means, We
cannot measure the output of all process. Only the variable which represents the best effectives or
results (Output) which occurring in the proceés we call this selectéd variables that” Key Process
Input Variable (KPIV)

In bounding process Experimental design from deviation values which are occurring in
production process of its component. There are five factors, where we used MINITAP Program in
order to changes its value which could be occurring in the process of productions. We used Full
Test in order to establish 32 simulation models (See in figure 3.7) and then, analyze the results

and searching for the factors which affected to solder joint shape after pasted bonding process.
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s

Figure 3.7 Factorial design of variation value

Figure 3.7 shows a guide line in conduct model where concentrate at solder high and
density of each layer which affected to solder shape after past bonding process.



Table 3.5 Geometry dimension of each model
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Polymer layer

Polymer layer

Tolerance& Solder high | Polymer layer Copper
under copper on copper
Model name (mm) On FPC (mm) layer(mm)

(mm) (mm)

Nominal size 0.120 0.007 0.012 0.010 0.012
Negative tol. 0.115 0.005 0.010 0.008 0.010
Positive tol. 0.135 0.010 0.014 0.012 0.014
Model 01 0.115 0.005 0.010 0.012 0.010
Model 02 0.135 0.005 0.014 0.008 0.014
Model 03 0.135 0.010 0.014 0.008 0.010
Model 04 0.115 0.010 0.014 0.008 0.010
Model 05 0.135 0.005 0.014 0.008 0.010
Model 06 0.115 0.005 0.014 0.012 0.010
Model 07 0.135 0.010 0.014 0.012 0.010
Model 08 0.135 0.010 0.010 0.012 0.010
Model 09 0.115 0.010 0014 0.012 0.010
Model 10 0.135 0.005 0.014 0.012 0.010
Model 11 0.115 0.010 0.010 0.008 0.014
Model 12 0.135 0.010 0.010 0.012 0.014
Model 13 0.115 0.010 0.014 0.008 0.010
Model 14 0.135 0.010 0.010 0.008 0.010
Model 15 0.135 0.010 0.014 0.012 0.014
Model 16 0.135 0.005 0.010 0.012 0.010
Model 17 0.135 0.005 0.010 0.008 0.014
Model 18 0.115 0.005 0.010 0.012 0.014
Model 19 0.115 0.005 0.014 0.008 0.010
Model 20 0.115 0.005 0.010 0.008 0.010
Model 21 0.125 0.007 0.012 0.010 0.012
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Table 3.5 Geometry dimension of each model (Cont)

Tolerance& Solder high | Polymer layer | Polymer layer Copper Polymer layer
Model name (mm) On FPC (mm) | under copper | layer(mm) on copper
(mm) (mm)
Model 22 0.115 0.010 0.010 0.012 0.010
Model 23 0.115 0.005 0.010 0.008 0.014
Model 24 0.115 0.010 0.014 0.008 0.014
Model 25 0.115 0.005 0.014 0.012 0.014
Model 26 0.135 0.010 0.014 0.008 0.014
Model 27 0.115 0.010 0.010 0.012 0.014
Model 28 0.135 0.007 0.014 0.012 0.014
Model 29 0.135 0.010 0.010 0.008 0.014
Model 30 0.115 0.007 0.014 0.008 0.014
Model 31 0.135 0.010 0.014 0.008 0.010
Model 32 0.115 0.010 0.014 0.012 0.014

The density of each layer for HGA LT and FBC, with attention to what will happe. In the
process of production, there are three types of consequences, that said, the values of nominal size,
negative and Positive, Then we should have to use statistical inference to random for a thickness
of each layers in production process with different 32 models and utilize these values to set up the

size of each models

3.4 Methodology set up of thermal distribution

One of the important studies, we do is the thermal within the process, on the other hand.
The study of heat transferring behavior and use to apply with the volume controls of temperature
at the bonding areas, the interesting things we study the temperature at the bonding areas. The
intersection things we study id the temperature which make a perfect melting of solder leads and
hot brining another work pieces. The main factors are also, first, the volume of heating which
derived from watt feeding to the origin of laser generator and soldering time. Second. At the

initial stage we choose the general Heat transfer mode to set it up.
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Figure 3.8 Model navigator of general Heat Transfer

Figure 3.8 shows model navigator of general heat transfer, we follow with step a to d step
follow topic 3.2.2 after that continue to draw the model by used dimension.
e.) Go to the model ﬁavigator and sqlpct 2D in the space dimension list.
f.) In the list of apﬁlicéﬁon modes, Open the COMSOL metaphysic
- Heat Transfer module
- General Heat Transfer
- Transfer analysis
g.) Click to accept at Multi-Physics bottom, then click Add bottom.
h.) Click to accept at OK bottom.
i.) Continue to draw the model by used dimension from figure 3.2.

j.) Define the properties of Sub-domain.
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Figure 3.9 Geometry and sub-domain of general Heat Transfer
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Figure 3.9 shows the geometry model and sub-domain number we get after draw the

model. The amount of sub-domain shall depend on our areas divided in these study was design

the property of sub-domain as in table 3.6, with solicitude to the real situation of bonding process

in the stage of melting time.

Subdomain Settings - General Heat Transfer {high)

Equation
PCOT2}3 + V{KVT2) = Q + T2
T2 = temperature
(Siionas (o Goowa |Gt |tk gt ik | 1|
Subdomain selection |~ Thermal properties and heat sourcesfsinks
Lbrary material; {SteelAISI4340 ) | Load... |
Quantity Value/Expression Unit Description
k [44.5[W/(m*K)] | Wi(m-K) Thermal conductivity
[ [7850[kg/m~3] 1 kgim®  Density
G l47503/(kg*x)] ] HkgK) Heat capactty at constant pressure
% b | Wi(m?.K) Productionjabsorption coefficient
Q oo | Wim? Heat source

Lok J [ concel ][ appty J[ hep ]

Figure 3.10 Sub-domain setting of general Heat Transfer
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Figure 3.10 shows sub-domain setting guide line of general heat transfer model. General
set up are thermal properties and beat source of material we load the property from library

material by following with table 3.6

Table 3.6 Material define of sub-domain

Sub-domain number Material define Absorption coefficient
1,2,4,12,13,14 Polyamine 27
5,15 Steel 1.0
6,7,9,10 Air 1.5
8 Solder . 0.5

Table 3.6 shows boundaries setting of sub-domain setting of general heat transfer that
used for set up the model. All of them are 14 domains and we define five material properties.
Adoption coefficient derived from the equation of Beer-Lambert law.

The defining equation for the mass attenuation coefficient is essentially a different way to

write the Beer-Lambert law. The Beer-Lambert law is normally written.

[ = Ie * (10)

Figure 3.11 Absorption of X- laser in material
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Where
To is the original intensity of the beam
I is the intensity of the beamer distance 1 into the substance.
e is Euler’s number, about 2.718,
u is the attenuation confident

When discuss the mass attenuation coefficient, this equation is rewritten

I =1,e” WP (11)
Where
p is the Density
(u/p) is the mass attenuation coefficient
pl is the area density known also as mass thickness
In accordance with the above, the mass attenuation coefficient is equal to the attenuation

coefficient divided by the density



Chapter 4

Results and Discussion

In this chapter, we present the all results and analyze results with five topics, as following

details.

4.1 Simulation result of solder joint shape without HGA LT

To create simple for an exponential forming and be a guide line to establish a testing
form, then simulation model were established. In order to make a comparative between its result
and another approval studies as such. Y.X. Gao. ef, at with the principle of kinetic law to forecast
the changing form of melt solder and uncomplicated to forecast the change of solder. With
recommendable studies and appreciate with the wetting angle and spreading area. The both
changing are depending on time and shall be affect to solder shape, and movement of soldering

point of solid, liquid and GAS which drive surface tensions and gravity field [7].

Figure 4.1 Meshing result of solder joint shape without HGA LT model

Figure 4.1 shows the changing form trails of solder shape and movement of the three
soldering points. Liquid, Solid and Gas (LSG) as b specified time (t/to) during the evolution of
change. It’s very distinctiveness, the height solder will origin from elevated point to the highest
point and slow down into constant point the movement of the three soldering point will be rush-
up [7]. At the origin of dispersion will be short-term, as seen at D to E, then it will be slow down

before it extend the constant and symmetry.



(c) t/t;=50
Figure 4.2 The traces of solder joint shape without HGA LT at the stated time
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() =120

Figure 4.2 The traces of solder joint shape without HGA FL at the stated time (cont)
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Figure 4.2 shows simulation result of solder joint shape without HGA LT. The results of
changing form of solder shape from simulation result at t/to=0, until t/to=120, by measurement of
the solder eight and spreading area, we used COMSOL to measure the height, by extra grid in
setting mode. The value of solder height can be directly illustrated of the height; it shall be
present in tern of line graph. The change at several times can be seen in figure 4.4 after that, the
value of spreading areas derided from the width of solder shape in the axed of X and Y, then are
calculated which present in term of line graph. It can be seen from figure 4.5. For the measure of
wetting angle change could be done by import the pictures into solid work a program by sketch
mode which make the line by angle of solder shape, then follow with measurement of size, which

can be seen in figure 4.6

4.2 Experiment result of water droplet
The related propose of this experiment was to determine behavioral motion of liquid on
the smooth surface and use the results to compare with results of the first simulation model. In

this, topics can be divided for tree parts. Equipment method and result as following as

Figure 4.3 The experiment results of Water droplet experiment (ms=Millisecond)
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70.0 ms

103 ms 120 ms

Figure 4.3 The experiment results of Water droplet experiment (ms=Millisecond) (cont)

Figure 4.3 shows water droplets on solid substrate at room temperature in transaction of
water droplet was to study the changing form of water droplet, there were three interesting topics.
Firstly, result is high measurement by the distance between solid surface and top surface of water
dot, the result show at figure 4.4. Second, result is spreading area measurement by diameter of
later dot and the result show at figure 4.5 Third, resﬁlts is wetting angle and the result shown at
figure 4.6 the result was explained in tern of line graph. Changing behavior and comparison of the
both results they’re the water droplet and simulation result from without HGA LT model, as the

following detail.
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Figure 4.4 Comparison of high between water droplet and simulation result
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Figure 4.4 shows comparison of high between water droplet on solid substrate and
simulation result from without HGA LT model. In the axes of Y. present the high of water
droplet and simulation result within millimeter (mm.) unit, in the axes of X present consumption
time of experimentation and simulation, within Millisecond (ms.) unit. Per comparison of
changing behavior for the high, in this case, high means height measurement of water droplet, by
placing the zero at the surface of solid substrate as same as the modeling. Comparison between
the both substance are initially from t= 10 ms the reason why it doesn’t start with comparison
from t= 0 ms. Since the gathering data for simulation model. We originated at the semi sphere
and make it as per-solder which placing on the FCB, data gathering of water droplet originated
from the reflexive time of solid substrate and when it over about 10 ms the shape of water droplet
became semi sphere. We moved the original of comparison at =10 ms to 15 ms, that is 15ms.
There were rapidly changes of highs, which the trend of the both change were in the same way.
After that, there were continuous change, for Sms (t=25 ms) until it reached the peak of high in
hemisphere shape and continuously decrease until it reached the point of no changing. The
difference which occurs in the experiment and simulation model at t= 50 ms. the result of water
droplet experimental shall be terminated and discontinued, till the time is over. On the other hand,
Simulation model from the peak of solder high at t= 25 ms the changing of solder high was
continuously decreased until t= 110ms. After that there were no more changes, till the time was
over. The reason of differentiation for the both results might be the causes of insufficient set up

model, but most of these result were in the same way as the following details.

— ® — Spreading area of water droplet experiment 1

Dimension of spreading area (mm)
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Figure 4.5 Comparison of spreading area between water droplet and simulation result
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Figure 4.5 shows comparison of spreading area between water droplet on solid substrate
and simulation result. In the axed of Y. show the dispersive area of water droplet and simulation
result. In the axes of X show the operational time and time consumption in simulation. The
consequence from this comparatives is the behavioral changing of area for the both
experimentation which indistinguishable to each others in term of direction. The changing was
originated at t=0 millisecond of the both graph, with rapidly until approximate t=10 millisecond.
After that, the dispersion shall be continually decreased until it reaches the point of no change
form these disperse behaviors, It could be explained in the scope of science, that the reason of
rapidly dispersive changing in the early period was originated from the weight of water droplet
and velocity of impact that a cause of an internal pressure within the mass of water droplet, make
dispersion and the reason of water contraction, as for the surface tension was greater than the
internal pressure. By all means changing behavior of spreading area shall be gratifying with the
behavior of high and wetting angle which shall be explain in the next graph. And if also found
that, related with the graph of figure 4.5 when the height summit point, shall be causes of
decreasing in dispersive area, and when the height is declining, shall be causes of expanding of
dispersive area [18]. The behavior of the both changing shall be related with wetting angle which

shall be explained in the next graph.
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Figure 4.6 Comparison of wetting angle between water droplet and simulation result
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Figure 4.6 shows comparison of high between water droplet on solid substrate and
simulation. In the axes of Y present wetting of water droplet and simulation result. In the axes of
X present the consumption time in the experiments and simulation, comparison of the changing
behavior of wetting angle. By placing the centre of degree on surface of solid substrate as in the
modeling, Comparison originated when t=7 millisecond with the same reason with illustrate of
figure 4.5, Changing behavior from the graph the degree of hemisphere like a shape of pre-solder
on FCB. Originate from arises of model at 70 degree and rapidly increase till the highest point at
about 90 degree at = 20 millisecond and then continuously decreasing into the point of no change.
For the changing behavior of water droplet, originate when t= 7 millisecond. The origin of
wetting angle was approximately 105 degree at that time, with rapidly increase into the highest
point at about 160 degree at t= 20 millisecond. Then constant and rapidly decrease into 120
degree, after that there is decrease and increase with inconstantly feature. If we considerate at the
trend of changing, as same as the above mentions.

The relationship of wetting angle with the spreading area and high, at wetting angle
almost 90 degree for both positive and negative values. It’s cause high of water droplet much
more and makes more hardly dispersing because there is more surface tension.

| From the comparisoﬁ of experimental results and simulation result of without HGA
model, believing that the modeling can be utilize to predict the changing behavior of pre-solder

after pass bundling process.

4.3 Simulation result of solder joint shape with HGA LT

From the experiment of water droplet and result of solder joint shape without HGA LT.
We can preliminary conclude that we can predict the changing behavior of Pre-solder after pass
bonding process, thus we take the modeling of solder shape without HGA LT to develop the real
works by adding geometry of HGA LT and accomplish the simulation test, the results are

presented as the follows.
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Figure 4.7 Meshing result of joint shape with HGA LT model

Figure 4.7 shows the meshing result of final model with triangle mesh and it consists are
.51982 elements. Due to the component of real works are 50 complicatedly and make more
surface for a thombus, the outside of edges are the area of air which considerate to be gratify with
the work site and it affected to the scope of prediction for liquid solder dispersion. We disclose
the results in 3-D character, as see in figure 4.8(a) to (e). If will verity the dispersion behavior as
punctuation of time at t/ to = 25. We also maintain 3 interesting data; they’re, solder height,
Spreading area. Wetting angle, then use this data to compare with the result derived from the

modeling of solder joint shape without HGA LT
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=0

(a) t/t,

Figure 4.8 The traces of solder joint shape with HGA LT at the stated time
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(b) t1t,

(e) t/t,= 50

Figure 4.8 The traces of solder joint shape with HGA LT at the stated time (cont)



49

(f) tt,;= 120

Figure 4.8 The traces of solder joint shape with HGA LT at the stated time (cont)

Figure 4.8 shows simulation result of solder joint shape with HGA LT originate from
t/to = 0 (a), till t/to = 120 (f), by size measurement of solder height spreading area and wetting
angle, Then data gathering by the same method of modeling of solder joint shape without HGA
LT. Its present on term of line graph, and also, and see it from figure 4.9 to 4.11, by all means, it
shall difference at the adding of wetting angle for two surfaces. It can see in figure 4.12 At the
surface 2 and 3, in order to covering the study of dispersion behavior of liquid solder at the upper
and lower part of surface which present in term of line graph, as some as the dispersion behavior
of liquid solder for both models from level set method which derived from the same set-up

distinction in term of complexity shape. The changing of shape which altercated by the shape of
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actual works. The answer, when compared with the dispersion behavior of liquid solder the trend

of changes should have in the same way, as the following
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Figure 4.9 Comparing of solder high result between with and without HGA FL

Figure 4.9 shows of comparison of solder high results between both models are with and
without HGA LT. In the axes.of Y present of Y present the dimension of solder high result, for
the axes of X present the time in formation of liquid solder, Square dot line to explain the
behavior solder high result of solder joint shape with HGA LT model, The changing type of
solder height, after examine and compared. Initially, graph of the axes of X t/to = 0 to t/t0 = 10,
there’re rapidly changes of height [7], within a short time, due to the surface tension retreater than
the internal pressure of liquid solder. It’s very hardly to see the different of changing for the both
model, the next time was at t/to = 15 seconds. Liquid solder were decreasing in tern of high and
reach at the peak. At this time, the height of graph in the axes of Y are differenced. Due to liquid
solder of solder joint shape with HGA model was limited by the surface of HGA LT , and then
the changing of solder high shall decrease. From line graph of the both models, the character of
similarly changing, but different in height. With the only reason which similarly with the above
season as said, Liquid solder of solder joint shape with HGA shall flow through the gap between
FCB and HGA LT and then ramble into the upper surface of HGA LT. The direction of flowing
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as seen in figure 4.11 and at specific period t/to = 30 second. The height was decreasing by the
same rate of changing. The change height of solder shall be constantly. There is a little change in
these procedures. The change shall be occurring at t/to =90 seconds till the terminated of these
experiments. How the height of liquid solder relative with the dispersion? This topic shall be

present in the next topics.
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Figure 4.10 Comparison of solder spreading area result between with and without HGA FL

Figure 4.10 shows comparison of solder spreading area result between both models, are
with and without HGA LT. In the axes of Y present the dimension of solder spreading area result
while, the axes of X present the time of changing for liquid solder. Square dot line to explain the
behavior solders spreading area result of solder joint shape without HGA LT model. Sphere dot
line to explain the behavior solder spreading area result of solder joint shape with HGA LT. The
character for the change of spreading area of liquid solder after examine and compared the both
experimental differentiation. We said that forming of simulation models. We determined the same
size of the both pre solder model. Then the originate size were not different, the changing
behavior of dispersion at origin les at t/to = 0 to t/to = 15 than go degree. From both results, the
changing trends are similar, but different in its values, because the dispersion of solder joint

shape without HGA LT model shall be maintain its forms for free, thus disperse are not too much,
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If compared with spreading area result of solder joint shape with HGA LT model. The main
reason why the dispersion of solder joint shape with HGA LT model are far more disperse, as to
the restriction of leads, then liquid solder shall move to the gap between FCB and HGA FL on
surface of polyamine layer and copper layer. In order to make uncomplicated to understand the
flowing direction, from 11 at the surface 1 and 2, liquid solder cannot maintain its sphere shape,
due to the abstractions particles, That is layer of HGA LT, when the gaps between are small, then
the liquid solder can disperse , more the result of dispersion of liquid solder in the without HGA
LT model shall be constantly at about t/to = 25 seconds, after that, It will not change anymore, as
for the surface tension are greater than the atmosphere’s pressure, than the liquid solder can be
freely maintain its shape while the dispersion of the with HGA LT model shall be slower
constant, at approximately t/to = 70 seconds because the gravity force from the surface of HGA
LT layer, it will take more time to disperse, as seen in the figure 4.11 formational behavior of

wetting angle within the system shall be more explained in the next topics.
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Figure 4.11 the Wetting angle flow direction result of with HGA LT model

Figure 4.11 shows the flowing direction of liquid solder on the surface of copper layer
surface (Distant between A to B) and polyamine layer surface(distant between B to C) of both
surfaces we studied, from the wetting angle which occurs on the both surface. Our data gathering
derived from the measurement of its degree, by considerate Y-Axis as an origin and use the same
measurement with the solder joint shape without HGA LT, By import the picture into the

program of solid work by sketch mode along the angle of liquid solder shape and then measure its
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size we expose our results of the test in term of graph. The changes of each period can see in
figure 4.12.

Surface 1, 2 and 3, means the direction of motion f?r liquid solder on the surface of
polyamine and layer of HGA LT. It was a continuous motion on the two different materials. By
hypothesis, determine as a smooth surface, but it consideration as a mark of step on the soldering
point of two materials. That is the original edge of Polyamine layer, and flowing character of
liquid solder. It shall flow along the surface by gravity force, thus, liquid solder can’t maintain its
shape and it will change by the feature of materials. As same as, the changing of water, it shall
alter along the shape its container, the forming of wetting angle, shall be depending on the
character of surface at the contact surface and property of surface tension of liquid which shall be

present the results of wetting angle form the experimental test, in the next graph.
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Figure 4.12 Comparison of solder wetting angle result between with and without HGA LT

Figure 4.12 shows comparison of solder wetting angle result between both models, are
with and without HGA LT. In the axes of Y present the dimension of solder wetting angle result.
For the axes of X present the changing time formation of liquid solder. Square dot line to explain
the behavior solder wetting angle result of solder joint shape without HGA LT model, star dot

line, sphere dot line and rectangle dot line to explain the behavior solder wetting result of solder
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joint with HGA LT. The interesting point of changing form for wetting angel that is the wetting
angle which occurs on the surface of polyamine layer of HGA LT and FBC component parts,
from figure 4.12 we have a result of wetting angle form solder joint shape HGA LT, which
classified for three experiments. They are surface 1,2 and 3 (Refer from figure 4.11) It’s the
forming of wetting angle at the upper and lower of Polyamine and copper layer of HGA LT and
FCB, component parts, respectively., which can be seen the direction of motion from figure 4.11
Next, is the clarifying of relationship to surface and the changing of wetting angle and

shell being affected to the dispose of liquid solder.

Polvamine laver :
Copper laver -
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Figure 4.13 Show the perfect liquid t solder mass movement on HGA LT

Figure 4.13 shows the movements of liquid solder mass on HGA LT we need. It means
the liquid solder mass reach the edges of Polyamine layer, from the picture, polyamine was
placing on the copper layer. The main reason we used this point as to the real works situation
within bonding process. We can examine it through the magnifier. But on the lower edges of
copper layer we cannot examine through the magnifier. If have to use the cutting method in order
to observe the inner part, then we’re concentrated on the movement behavior of liquid solder
mass which considerate on the consumption time for the movement on the upper surface of
copper layer. It shall be gratifying with the time of melting solder. Then we have to control the
time making more efficiencies in the bonding process, thus we collected the result of time that
liquid slider mass reached the edges of polyamine. From the test of 32 models experimental

which show in Figure 4.14, for the whole we designed and test it. Reaching in to the edges of
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each model, apply the reaching time to the edges of target point (Figure 4.13) in different ways.
The main topic we studied and concentrated on these studies was the consumption time of the
movement on the upper surface of copper layer by the Z-Axis. With the data gathering, it
originated from the pre-solder which arise to change, until it reaches the edges of polyamine

layer. We used the results of each model to expose in term of graph, as in the next picture.
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Figure 4.14 Dependence time liquid sliders mass movement until hit the edge of Polymer Layer

Figure 4.14 at X-Axis is a modeling number we have of 32 models from the left to the
right Y-Axis is a melting time of pre-solder which determine the consumption time for melting
from zero to 60 second. By expose the consumption time for melting of each model as the
marking point (*), where the lowest is 5 second (at model 24) and the highest is 5.5 second (at
model 2.9). From all and its results, most of them are about 80%, at 15-30 second. If present the
acceptable time for the movement of liquid solder on the face of copper layer. More obviously,
we used the results as a means (x). and it could illustrated to us that we should control the
comdumption time to melt solder in bonding process operation the reason of different time each

models as for the thickness of each layer and solder height of each model, where different to each
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others. The result which error from the causes of fabrication and assemble processed. The two
main parts are FCB and HGA LT which more details to follow.

FCB can be divided into two parts which affect the movement time of liquid solder mass.
They are polyamine thickness and Pre-solder high.

HGA LT can be divided for three parts. They are thickness of copper, Polyamine on the
top side of copper and polyamine under the side of copper.

If was conclude that they are 5 variables which affected the movement time of liquid
solder mass for the viscosity of liquid solder, we hypothesis that liquid viscosity of them are not
different.

However, solder joint shape after pasted bonding process is an unexpected thing in the
real works, thus controlling the factor which affected to solder joint shape are necessary. By all
means, we cannot control all factors at one time, then we have to choose one which controllable
and also relate to the result we need to select the factors which we should have to control. The
result from DOE by searching of the main effect plot for final height of solder after pasted
bonding process, It’s relation values of the components which affected to the height of solder that
is the factor which affected to the changing behavior of slider height (Figure 4.9) the highest is

pre-solder height (block a), which shall be explain its resﬁlts from the following table

Main Effects Plot for Final height of solder

Main Effects Plot for Final height of solder
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Figure 4.1 5 Main effect plots for final height of solder
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Figure 4.15 shows main effects plots for final solder join shape after passed solder
bonding process. A comparison of relative thickness which is changeable in each parameter at
0.110 until 0.125 of X-Axis are final height result (a) block, it obviously perceived that. It
affected to solder joint after past bonding process. Look at the end of the both side of the line, it’s
widened to each other nearly to be the straight line and produce 45 degree. When compared with
the axes of Y and X. It’s very greatest when compare with another parameters. The main effect of
final height after passed soldering process is pre-solder height that important to control incoming

material.

- Main Effects Plot for Spreading area
Main Effects Plot for Spreading area
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Figure 4.16 Main effect plots for spreading area

Figure 4.16 shows main affects plots for spreading area of solder joint shape after passed
solder bonding process. A comparison of relative thickness enables change able in each
parameter. Look at the end of the both side within the blocks (e) to (i). It’s obviously perceived
that there is not any line which nearly to be the straight line. That means. Thickness is not

affected to the solder joint after past bonding process.
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4.4 Validation of simulation result with HGA LT
Comparison of predictable to the shape of solder which derived from simulation
model and the result from the real works, to cut and take a photo through the microscope as to

make more reliability of simulation models.

Figure 4.17 HGA LT and FCB before cross section

Figure 4.17 shows HGA LT and FCB after pasted bonding process. We can see the
section line A-A for determine the direction of cross section (x-section) on the sample. The

crosses section for inspection the rule result of final shape of solder joint

Solder joint shape after passed bonding process

} FCB

Figure 4.18 Cross section of specimen

Figure 4.18 shows the result of cross section which takes a photo by 57 x of microscope
compared with the life size at 500 micron (0.5 mm), before section with the roller cutter, molding
by liquid resin and harden in order to not affect the shape of solder. After that, Shining its surface

to make smoothly plain and results to the photo with height efficiencies, as to created move
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coincidence to what we interesting and examine the dispersion behavior of the solder as in the

next picture.

Copper layerof HGA LT Solder joint shape after passed bonding process

0.043mm

Copper layer of FCB

Figure 4.19 Zoom in cross section of specimen

Figure 4.19 shows the enlargement of dash line square frame on the picture 2, In order to
facile to measure the size of solder after passed bonding process and as to understand the
movement of liquid solders which affected to solder joint at final shape. We compared the size of
cross section result and stimulation result, with comparator measurement of solder after passed
bonding process.

Figure 4.19 dimension of sizes 0.043 is the gap between HGA LT and FCB. We used this
size to compare with the model with the same size of gap, thus use it to form the validated of an
experimental result. The reason that we have selected same model, because its vary by thickness
of each layer, refer by the tolerance of drawing, when we establish the model and causes the gap
which different size for 0.22 mm, a size of key at HGA LT and 0.66, a solder mass which

movement on the surface of copper layer at HGA LT

<3 al <3 0 [ 8] 02 [ 5]
p s
Distance : b
pi1s
| . R 2 | b
v

i 0.045mm pe

- 4 b

Figure 4.20 Simulation result at the gap between HGA LT and FPC equal 0.045 mm.
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Figure 4.20 shows the position of movement of solder mass on simulation result and
expose the gap between HGA LT and FCB, that’s 0.045 mm. The distance that shows in fixture is
movement length of solder mass from original point. We validate the movement length same as

actual sample part figure 4.19 at distance 0.06mm
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0.058
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Figure 4.21 Comparison of cross section result and the result of solder mass movement dimension

Figure 4.21 shows comparing graph of solder mass after bonding process by
measurement the originate values form the edge of circular key hole. The result from the 5
models of mean are 0.0638 mm, It greater than the cross section result. If was 0.0638-0.06 =
0.0638 mm or 6%.We prove the model capable to predict solder joint shape after passed bonding

process.
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4.5 Simulation result of Heat Transfer model
In designation of experimental test, we’re appreciated the principle of laser. The density
of light is in the middle part and it shall be continuously decrease by the distant of the centre, as

seen in figure 4.24. It’s an origin of grid construct in simulation model as in figure 4.23

Diameteroflaser beam
Centerofiazer beam

¢

= Atrboundary setup

i
|
Ll //’L\ 7 l. it

7 r— 0 Y \ AN rre——— I Layersof HGAFL
Vs S e

Atrboundary setup

Pre-Solder on FCB

Figure 4.22 Mesh result of hest transfer model mesh consist of 1858 elements

Figure 4.22 shows the meshing result of heat transfer model. Diameter of laser beam
means. We identify the area that applied for the power of laser beam by the way, the density of
laser at the middle point of the highest density point, then the establish of middle, must be
concentrate at the dispersion of light at the middle point, where the highest light density. From
the picture at the center of beam must be construct the mesh which highest frequency and
continuously decrease when the radius were far away from the center of laser beam. Air boundary
set up is an external definite for the diameter of laser beam in room temperature. Air boundary set
up from bottom-up of the picture. It’s also creating the square meshing, too. Layer of HGA LT

and pre-solder on FCB are also creating of square meshing. It was concluded that the arising of
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mesh for air boundary, layer of HGA LT and Pre-Solder on FCB. It attained 1858 elements,

which the pattering of thermal energy occurring shall be exposé in the next topic.

Simulation result contour
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Figure 4.23 Temperature distributions contour of laser beam

Figure 4.23 show the temperature distribution of laser beam, from the volume of laser
capillary trip at 0.2 mm at 60 second simulation time by hypothesis and from the theory the
heating point is in the middle part of laser diameter, from the result. It accords with the theory.
The warm side is on the right side of the peak. Locally the temperature reaches around 550 K, but
this values completely meshing dependent. Nevertheless, the temperature distribution was just a

few mesh elements away. It is represents the real temperature quite well.
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Figure 4.24 Temperature power profile of laser beam

Figure 4.24 shows the temperature plot at difference power applied. Y axis is the
terﬁpératurc of simulation result. It starts from room temperature at 300K until result, this is beam
was described by a Gaussian distribution [19]. X axis is a simulation time which originates from
zero to 60 second seeking for acceptable temperature and melting time, then utilize to reference
with the real achievement. The first thing we anxiety is the temperature at 550 K (See figure 4.24

at Y axis). It’s an agreeable zone for melt solder.
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Figure 4.25 Temperature power incident trajectories at pre-solder surface
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Figure 4.25 shows the time plot at difference applied. Y axis is the temperature of
simulation result. (A) and (B) graft are temperature result at difference time (0-60Sec) start from

around 300 K up to 1000 K. (A) and (B) that refer the point of temperature result on Fig2.3.
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Figure 4.26 Dependence of power level HGA LT

Figure 4.26 shows the temperature plot at difference power applied Y axis is temperature
of simulation result start from room temp 300K until maximum of simulation result able to cover
is 1500 K. X axis is simulation time from zero to 60 second. The appropriate of temperature is

550 K and melting time is 25 second bases on simulation result.



Chapter 5

Conclusion

This thesis presented the studies of solder joint shape after passed solder bonding
process. First of all, we reviewed all literature related to solder joint shape knowledge and Laser
beam for solder melting. And we found that the solder joint shape is depending on behavior of
physical wetting angle and spreading [2], the mainly factor are surface roughness [5], surface
tensions and gravity field. In case of laser beam, we reviewed YAG Laser wave length 355 nm
[6] for melt solder, the main factors which have to pay more attention is the temperature from
laser beam. Then we proposed a Level set method for predicting solder joint shape after passed
solder bonding process and developed the model for Heat transfer distribution.

First of all we have done the experimentation on water droplet by using high speed
camera to capture water drop on flat stainless steel surface at room temperature. The objective for
this study to understand behavior of water’s shape then take these results to compare with second
experiment.

Then we have done the stimulation of solder joint shape after passed bonding process
without HGA long tail by using COMSOL Program. The simulation technique by used of a level
set method. The objective of this model is to validate model at initial state. The result indicated
similar behavior for all physical changed (height, spreading and wetting angle) when compare to
water droplet. We also compared behavior amount physical changed, the result showed as
following;

More height - less spreading 9 more wetting angle
Low height - more spreading 9 less wetting angle

Based on above data, we can proved that a level set method is capable to apply for
predict solder joint shape after passed bonding process.

Next, we added HGA long tail to the model and simulated by used a level set method.
We recorded three physical changed of solder joint shape after passed bonding process. The result
when compared to 2" experiment (simulation without HGA long tail) indicated height and
spreading area are similar with 2™ experiment while wetting angle is difference since 2™

simulation used flat surface but this model used surface of FCB and HGA long tail. We can
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conclude that surface roughness is related to behavior of wetting angle after solder bonding
process.

Next, we studied main effect of solder joint shape changed after solder bonding process.
The study follow DOE full factory by varying 5 parameters, 3 level each parameter, totally 32
models. And analysis data by main effect plot. The result indicated pre-solder height is main
factor of solder joint shape after passed bonding process. Base on the result we recommend
controlling height of pre-solder.

Next, we compared distance of solder mass after solder bonding process with actual
solder bonding sample. The comparison result showed that the difference distance at 6%.

Next, we analyzed solder shape by soldering time. Target of solder shape is solder mass
cover copper layer but not over polyimide and stainless steel layer. Result showed that the
optimum time at 23 sec.

Finally, we analyzed the plot of power applied to laser as a function of temperature and
time. The result indicated that the optimum power at 110 watts when fix temperature at 550

Kevin and time at 25 sec.
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