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ABSTRACT

The recent subject of research in the electronic packaging industry has been technological methods to
increase the durability of solder joints. The SAC305 solder joint was used in this research to analyze the
mechanical properties of ultrasonic vibration for them. The effect of ultrasonic vibration (USV) respect to
range of time within (Osec to 6 sec) on the solder joints properties was characterized systematically. In this
study after verification of this computer simulation with experimental results and the results showed it was
confidence 87% ,after validation new parameters have been suggested to discover the better mechanical
properties for the solder joints and these parameters are deferent range of frequency for specific period
of time and substrate material which will be between two plate of copper Cu ,then input all these
parameters to ANSYS to analysis the inputs and the output of computer simulation is shear strength . The
findings of the numerical analysis revealed that the maximal shear strength for SAC305 alloy was
31.6Mpa when it was eventually treated with 80 kHz for 1.5 sec, this analysis found that the better way to
boost mechanical properties for Cu / SAC305 / Cu solder alloy treats this solder joint with frequency 80
kHz for 1.5 sec to achieve optimum shear strength value.
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INTRODUCTION

Today, in the electrical packaging industries, it continues to miniaturize and modern
features of mobile products do not minimize the size and weight of electrical packages
sufficiently (Bari, 2015). But on the other hand, the system's density is increasing.
Therefore, these interconnectors can pass through the output and output of this density
(Zzhang ET al.2010). The flow allowed the machine to produce heat and this led to a
tremendous rise (Fan et al. 2010). The packaging architecture has been designed to
improve the characteristics of a thermal built-in, such as increasing the bottom area and
promoting it by eliminating unnecessary heat through the thermal direction. (Kim et al.
2011) has showed that, ultrasonic welding is widely used especially in compile the shells
of the plastic of an electronic product. Vibration due to ultrasonic has a great effect on
solider joints fail om PCB. Fail occurs during the welding process when the structures
are not suitable
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( Li et al. 2020) have reported that SAC alloys influence all alloy characteristics by the
production of intermetallic compounds among the primary elements Sn Ag and Cu.
Three intermetallic compounds are probable, which can form: Ag3Sn is formed because
of the Sn-Ag reaction and Cu6Sn5 forms due to the reaction of Sn and Cu but Cu3Sn is
not formed at the eutectic point until the C content of Cu is high enough to form Cu3Sn
in high temperatures. Ag can also react to the process of Ag rich a and Cu rich 3. There
is, however, no reaction to form any kind of intermetallic compounds between Ag and
Cu. The intermetallic particles are much stronger than the bulk material (El-Taher et al.
2020) have reached that the alloys can also be strengthened by fine intermetallic
particles in the Sn matrix. Intermetallic compounds can also increase the fatigue life of
solders, because the fatigue tolerance of SAC alloys in comparison to SnPb Eutectic
solders has shown 3-4 times higher. The greater fatigue resistance, the interspersed
Ag3Sn and Cu6Sn5 particles which pin the movement of dislocations and block them
are believed to contribute.

In order to simulate solder joint behavior under various circumstances, finite element
analysis was widely used. Comparing SnPb and SAC joint reliability with nonlinear SEA
in three packages compared silicone, flip and a Package of QFN (Delhaise et al. 2021).

(Ren et al. 2019) have indicated that the SAC rate is lower than in SnPb, but that the
lead-free solder was worse when the inelastic energy dissipation was used as a harm
parameter for intense loading conditions. This is because the lower shrinkage rate leads
to higher pressures and hysteresis and more energy per cycle dissipated. (Ahmed et al.
2020) have employed the procedure of finite element to assess the efficiency of the
thermal cycling flip chip kit. The viscoplastic Anand creep and Darveaux creep models
were used to consider the solder reaction and fatigue characteristics. In analysis of
board level solder joint reliability of thermal cycling BGAs

(Dwivedi et al. 2021) have used the finite element approach along with Anand's creep
model. The stability of flip chip solder joints in both matching and rigid substrates, based
on the Finite Element and Anand Constituent Model, was modeled.

The leading lead-free solder nominee (95.5Sn3.8Ag0.7Cu) and the 63Sn37Pb solder
under thermal cycling were evaluated in (Krishnan et al. 2019) . A research vehicle
made up of four 10x10 0.8mm pitch plastic ball grid chained. Arrays (microBGA)
mounted on a printed cable board 8 layer FR4 have been produced. The finishing of the
board for the Eutectical SnPb instruments was organic solder preservatives (OSP) and
HASL (Hot Air Solder) for the plumage free equipment. In rapid cycling of temperature
each daisy chain was monitored using an event detector where the test vehicles were
cycled at a ramp pace of about 30C a minute from —400C to 1250C with 10-minute
stays and 2 hours 10 minutes in total. The results shown by a Weibull distribution have
shown that, under these circumstances, the solder SAC is more durable. They
conducted experiments on big, plomb-free solder samples to determine the required
parameters for the viscoplasticity model of Anand. In a final factor analysis using
ANSYS®, the Anand model was then used in order to evaluate viscoplastic work for
each solder joint along the package diagonal, through means of a submodeling
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technique. Tests of stress levels. Afterwards, you will check some of the jobs. The
leadfree solder material 95.5Sn3.9Ag0.6Cu was studied by (Erer et al. 2018). The
effects of strain rate in SAC solder were studied at room temperature on hysteresis
loops and fatigue life. They defined the isothermal tiredness of the material with a
criterion of fatigue failure based on the principle of damage accumulation in solder
material using the theory of damage mechanics. The model has been tested with
experimental evidence, and it has been shown that it can determine how fatigue and
cyclical behavior can affect load rates. To have full understanding of the underlying
behaviment of the harm dynamics, the impact of temperature and microstructure was
required. In a sequence of as-soldered, thermal-aging, copper/lead-free soil joints, both
monotonous and cyclically deformed.

According to (Shakil et al.2014), the enhanced simulation has become an acceptable
choice to test problems with solder joints in terms of failure due to ultrasonic vibration
welding . Based on the study of (Lee et al. 2013), the FEM was performed during the
welding process to research the dynamic vibration process. Many researchers such
(Nanu et al. 2011) have mentioned that FE techniques have been developed to predict
the damage caused by ultrasonic welding in the plastic component. Numerical models
of thin metal with ultrasonic vibration have also been suggested for many applications In
terms of mechanical properties in the top foil and substrate (Ranim, 2013;Liu et al.
2015) have a great contribution in a FEM to illustrate ultrasonic welding .

Since cost plays a very important rule in any architecture, (Sackmann et al. 2015;
Annoni, 2011) have discovered the small finite element model regime to analyze the
failure of the elements but still face some structure geometry difficulties. Therefore, this
study will concentrate on efficient FE analysis and will allow us to develop solder joint
mechanical properties and to investigate better property properties.

MATERIALS AND METHODS

The summarized methodology process of the research can be mentioned as following:
The initial stage for beginning the analysis is to describe the problem statement of the
study based on details given in the flow map. A literature review must be carried out in
order to accomplish the goals of the report.

Usually, software will select a software to do the simulation process, depending on the
field of study. ANSYS program was selected to conduct the simulation process in this
report.

Finite Element Analysis set up

In this analysis, the Finite Element analysis was performed statically, modally, and
transitionally. The normal frequencies and model shapes of the equipment are
determined by modal analysis. Natural frequencies and design forms are major feature
parameters for conditions of dynamic loading. The resonating frequencies and fashion
forms determine alloy structure stability. The computer which experience unregulated
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non-linear deformity if the frequency expected by the model is similar to or at a resonant
frequency, which can contribute to a system failure or misleading test results.

Geometry and Meshing

The research samples included a soldering paste of the type Sn-3.0Ag -0.5Cu(SAC
305) and two substrates of copper(Cu), measuring 15 mm x 15 mm, 3 mm and 2 mm x
8 mm diameter for the upper substrate . The surface of the substrates was ground,
polished and washed until soldering with normal metallographic techniques. A mask
with opening diameter of 6 mm and 0.4 mm in thickness deposited then the SAC305
paste among the substrates (equivalent to 0.1 g of solder paste). Figure 1 illustrates the
structure of the test sample

2rhm

10.4 mm

3 mm

15 mm

Figure 1. Geometry (structure) of test sample (Side view)

In this research AUTOCA software has been conducted to produce the geometry of the
project. Mesh has been generated by using ANSYS mechanical and that was based on
the study of (Tan et al. 2017). Tri type pave mesh has been employed in complicated
meshed model and quad type was employed in the rest meshed model.as shown in
figure 2 ANSYS provide a completed mesh

Figure 2. The meshing model
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Boundary Conditions

In this research, SAC alloy was carried out to investigate the characters of this
alloy within a particular period due to high frequencies. The following table
shows the SAC alloy features.

Table .1 Mechanical properties of SAC305 alloy

SAC Alloy Solidus C Liquidus C Density Young’s
gm/cm? Modulus of
elasticity
GPA
217 220 7.4 16.6

RESULTS AND DISCUSSION
Convergence tests

SAC alloy has been conducted as preprocessing in ANSYS 16.1 using vibration
response tool .in this research meshed model has been created locally. The current
type of elements is satisfied with linear loads .As shown in figure 3 seven solutions
with different number of elements have been conducted with same applied load 500 N
and the out put with a total deflection . Based on the results that has been collected
from simulation. the curve of become horizontal at 0.10 mm (total deflection )with a
10,064 elements. This test has proven that the meshed model is converged.
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Figure .3 Convergence test of the SAC alloy model in terms of Total Deflection
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Validation

In order to continue with the current boundary conditions, the validation process should
be carried out under the same boundary conditions as the experimental work carried out
.The simulation method is carried out in order to have the findings seen in Figure 4. The
relation between the experimental simulation and the effects of the simulation as seen
in Figure 4. In this analysis, the findings were 87 percent conviction after verification of
this computer simulation with experimental results.

60
®—simulation  =——@=exps.values g

>0 \
20 /. .

L 4 ]
30
20
10
0

0 1 2 3 4 5 6 7

Figure 4. Comparison between simulation results and experiment results

Response to vibration

The numerical results have revealed that the response of the SAC alloy to the vibration
in terms of amplitude (stress) is vary. This analysis has been conducted using Harmonic
Response tool in ANSYS software. In this research, Amplitude (stress) has been
considered as main indicator for the vibration response of SAC alloy. Figure 5. Shows
that the maximum amplitude is began at applied frequency 40 Hz and suddenly to sharp
decreasing at 45 Hz. The minimum amplitude has been occurring after sharp
decreasing at 200 Hz. Another maximum value of amplitude happened at 340 Hz. The
benefit of this test is to understand mechanical behavior of material to the applied
frequencies. thus, for the used material (SAC alloy) the vibration response is not stable.
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Figure 5. Vibration response in terms of Amplitude (MPa)
Implementation of New Range Frequency

In this study high values of frequency with a specific time of flow has been conducted in
order to characterize solider joint in term of shear strength. Thus 80 KHz and 90 KHz of
frequencies are employed to be investigated.

Implementation of 80 Khz

ANSYS software has been conducted to simulate the shear strength of SAC350 alloy
due to the specific range of time of flow. Figure 6 shows the result that has been gotten
by using FE model

-L7268e7
-2.8767e7
-4.0267e7
= -51766e7 Min

0 0.605 0.01(m)
0.0025 0.0075

Figure 6. The graphical effect on the SAC alloy due high frequency (80 Khz)

The 80 kHz frequency was used in this trial with a flow time interval of six (0,1.5,3,4.5,6
sec). At 1.5 sec, the max performance (force) was 31.6 MPa. As well as the results, it
was shown that the lowest output occurred at the highest flow time as flow 22.09 MPa
at 6 sec. Figure 6 indicates the frequency implementation for a different time span as
shown in figure 7.
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Figure 7. Shear strength with time of 80 khz

Implementation of 90 Khz

Figure 8 shows the graphical effect of vibration on SAC alloy in terms of shear stress.
Where the two substants subjected to horizontal (Y direction) forces that lead to shear
stress. The force has been applied with organized range of frequency. These
investigation was carried out by applying 90 Khz
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Figure 8. The graphical effect on the SAC alloy due high frequency (90 Khz)

The numerical results have stated that, 90 kHz frequency was used in this trial with a
flow time interval of six (0,1.5,3,4.5,6 sec). At 1.5 sec, the max performance (force) was
32.56 Mpa . As well as the results, it was shown that the lowest output occurred at the
highest flow time as flow 24.9 MPa at 6 sec. Figure 6 indicates the frequency
implementation for a different time span as shown in figure 9.
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Figure 9. Shear strength with time of 90 khz

The findings that were achieved by simulation are seen in figure 6. The graph shows
that owing to two frequencies, 90 kHz and 80 kHz, the two curves are. According to the
results given by the simulation, the intensity values attributable to 90 kHz are greater
than the results obtained by 80 kHz at the same interval.

CONCLUSION

For cu / sac / cu solder alloy to assess the higher shear strength than the test sample
when handled with deferential ultrasonic vibration values. The sample was treated
according to the time intervals (0, 1.5, 3, 4.5, 6sec) of the UV ultrasonic vibration time to
investigate that the result indicated shear intensity for Cu / SAC305 / Cu when the
frequency was 80 kHz with a 6 flow time interval (0,1.5,3,4.5,6 sec). The maximum
output at 1.5 sec (shear strength) was 31.6 MPa. In addition, the results showed that
the minimum output occurred at 6 sec at the highest flow time of 24.09 MPa. But the
maximum strength of the Cu / SAC305 / Cu alloy was achieved at 32.56 Mpa at 1.5 sec
in the case of 90 KHz, with the same boundary conditions. The minimum strength is
24.9 MPa. It occurred at a 6 sec maximum flow time.
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