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ABSTRACT 
In this research, analysis of the reliability of lead-free soldering was investigated and a 

qualitative analysis was discussed about fracture modes of lead-free solder under different 

tensional tests such as: releasing test, bending test, thermal test and vibration test. Cracks 

caused by fatigue is the main reason of lead-free soldering`s fracture  primary cracking ؛

speed can change according to the different test conditions and different soldering materials. 

A quantitative analysis was also carried out on the behavior of lead-free soldering`s fatigue 

SAC (copper and silver) under preheating conditions. This dissertation presents a method 

for predicting the fracture lifetime of soldering alloys by creating the Weibull regression 

model. The lifetime of solder fracture is supposed on orbital board which was been 

distributed in the form of Weibull. Different test materials and conditions can affect 

distribution following changes of formation parameters and Weibull distribution scale. The 

method used in this thesis is modeling regression of parameters under different test 

conditions as a predictor based on Bayesian inference concepts. In the process of creating 

regression models, former distributions are done according to previous studies and the 

Monte Carlo Markov Chain (MCMC) has been used under the WinBUGS environment. The 

results showed that in general, lead-free solder alloy shows a good fracture lifetime. The 

alloy with a low mercury had a higher fracture lifetime While the alloy with a high mercury 

value had a longer fracture lifetime under the thermal precondition process. 
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Introduction to the issue 

Lead is a very common metallic element naturally occurring 

in the core. Due to the fact that this element is easily found 

by mining, lead has become an economical metal element. 

Lead compounds can liberate lead in ambient conditions. 

Lead is very stable on its own, so it remains in the air and 

flows through the rain to the soil and water. This element 

simply leads to what humans breathe or feed or drink. Toxin 

in lead can cause cancer and affect the normal functioning 

of almost all organs of the human body. Since the 

combination of lead is not broken, it is very difficult to 

remove it from the body. As a result, lead can cause major 

pollution to air, soil, water and ultimately affect human 

health. 

The lead-free soldering technique has recently attracted a lot 

of attention. This technique has been used in a wide range of 

industrial applications from daily electronic equipment to 

spacecraft equipment. The gradual transition from lead-

based solder alloys to lead-free solder alloys has made this 

technique important for its reliability study. 

Lead-based solder alloys were widely used in soldering 

factories. Since almost every electronic device requires 

soldering, it is impossible to retrieve all components. 

Thousands of tons of lead have been buried or falsely 

thrown out, which is a big threat to the environment. 

Since lead materials can cause many contamination 

problems both for human health and the environment, a 

number of organizations support the law to use lead. 

On February 31, 2002, the European Union first approved 

the restriction of the use of hazardous substances (RoH), 

known as Directive EC/95/2002. The RoHS directive 

restricts the use of 6 hazardous substances in the electronics 

and electrical industries. The six banned substances are: lead 

(Pb), Mercury (Hg), cadmium (Cd), Chrome hexavalent 

(Cr6 +), Biphenyl combined with bromine (PBB)and 

brominated Diphenyl combined(PBDE). 

This recipe left out on July 1, 2006, and every EU member 

state should take the necessary steps to comply with the 

RoHS Directive as a guide until the day it was implemented. 

The RoHS Directive was not specific to the European 

Union, but it played an important role in the entire 

electronics and electrical industry in the world. Since the 

EU had 28 members, this directive had a huge impact on the 

whole world. 

The global economy has linked factories from around the 

world. If a company or factory wants to export its products 

to other countries, it should follow the rules of the 

destination country, if the use of lead is strictly prohibited in 

the destination country. Therefore, in order to avoid barriers 

to trade, many companies prefer manufacturers which do 

not use lead materials, to be traded. 

Due to the fact that a large number of electrical and 

electronic equipment manufacturers use lead-free materials, 

the non-use of lead has found a special place in the 

electronic and electrical equipment industry. 

Most common lead-free solder alloys 

- SAC family (105, 305, 405, …) 

The SAC group's alloys have recently been featured in the 

industry. SAC stands for alloys that include tin (SN), silver 

(AG) and copper (CU). Due to the difference in the 

properties of tin, silver and copper, the SAC family includes 

a large number of members with different characteristics 

and for various applications. Table 1 list some of the most 

popular SAC alloys used in the industry, along with their 

properties. Their melting points are about 217 degrees 

Celsius, while their melting points are about 220 to 230 

degrees Celsius. The density is about 7.4 g / m3. 

Table 1 Mechanical Property of Alloys - SAC (Siewert 2002, 1 - 80) 

Lead-free 

alloy 

Combinations Solid 

melting 

point (oC) 

Liquid 

melting 

point (oC) 

Density 

(g/cm3) 

electrical 

resistance 

(μΩm) 

Tensile 

strength in 

failure 

(kgf/cm2) 

SAC 0107 Sn(99.2),Ag(0.1),Cu(0.7) 217 228 7.32   

SAC 0307 Sn(99),Ag(0.3),Cu(0.7) 217 228 7.33  300 

SAC 0807 Sn(98.5),Ag(0.8),Cu(0.7) 216 225 7.33 0.140 310 

SAC 105 Sn(98.5),Ag(1),Cu(0.5) 215 227 7.32 0.133 400 

SAC 263 Sn(97.1),Ag(2.6),Cu(0.3) 217 224 7.36 0.132  

SAC 305 Sn(96.5),Ag(3),Cu(0.5) 217 220 7.38 0.132 500 

SAC 405 Sn(95.5),Ag(4),Cu(0.5) 217 220 7.44 0.132 530 

SAC 387 Sn(95.5),Ag(3.8),Cu(0.7) 217 220 7.44 0.132 600 

SAC 396 Sn(95.5),Ag(3.9),Cu(0.6) 217     

Among all SAC alloys, the SAC305 is the most widely used 

alloy in welded soldering, with excellent fatigue viscosity 

and excellent bonding strength. 

- SCN 

SCN stands for Sn99.3Cu0.7Ni0.05, which is very common 

for use in wave, solder applications. The SCN melting 

temperature is about 227 ° C, slightly higher than SAC305 

(about 217 ° C). The abandonment tests and thermal cycles 

(Raggeman 2009) show that SCN performance is similar to 

that of the SAC305, although SCN reliability is less. 

- Sn-Ag Alloys  

The Sn-Ag alloy is also a substitute for lead-free soldering 

materials. Typically, Sn-Ag alloys contain 3% to 5% silver. 

Sn-Ag is an ideal solution for high temperature soldering. 

Sn96.5Ag3.5 is the most widely used Sn-Ag alloy with a 

melting point of 221 degrees Celsius. Due to its high silver 

content, Sn96.5Ag3.5 has a higher reliability in high 

temperature connection applications. As a result, Sn-Ag 

alloy is used for central heating and heating water pipes, and 

is also used for high temperature resistance for mold 

accessories and electrical assemblies. 

The effect of silver on lead-free soldering materials 

Silver has been used in solder alloys for many years; both in 

lead-and-lead tin solder materials. Silver plays an important 

role in solder connection materials. Silver brings special 
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properties to solder alloys. The advantage of adding silver to 

soldering materials is given below. 

Lower melting point of silver 

Many studies have been carried out for the temperature of 

melting of liquid and solid silver alloys. Studies have shown 

that increasing the weight percent of silver in the alloy leads 

to a reduction in the eutectic point in a particular case. As 

shown in Fig. 2.1 (Ragman, 2009), considering the silver 

weighing less than 3.5% of the total weight of the alloy, the 

melting temperature of the alloy is reduced by increasing the 

amount of silver. Also, in Figure 2-2, with 0.7% copper in 

the alloy, when the silver weight is below 1.5%, the increase 

in silver weight will lead to a decrease in the melting point 

of the alloy. When the weight percentage of silver is more 

than 0.5%, the melting point of the alloy will be between 

217 ° C and 227 ° C, which will meet the requirements for 

submerged soldering and lead-free solder soldering. 

 
Figure 1-1. Liquid Melting Temperature of SAC Alloys (Pendher 2009( 

 
Figure 1-2. Liquid melting temperature Sn-xAg0.7Cu (Maslinda 2016, 27) 

Improve tensile strength by silver 

Table 2 shows the mechanical properties of the SAC alloy. 

In the seventh column of Table 2, an increasing trend is 

observed in the tensile strength of the alloy by increasing 

the amount of mercury. The amount of mercury affects the 

AG3SN intermetallic mix. The dispersion of the Good 

Intermediate Metal (IMC) composition and the size of the 

Sn granulation were discovered by Mr. (Che 2007). The 

AG3SN intermetallic dispersion and good grain size Sn lead 

to high tensile stress (Che 2007) 

Improve the behavior of alloying by silver 

The inherent fecundity is the ability of a liquid that can keep 

in contact with solids the intermolecular interactions of 

solids and liquids when combined together. The ability to 

smudge is a very important property for solder alloy since 

solder alloy performance provides the best connection with 

solid surfaces. SAC307, Sn0.7Cu to test the fatigue balance 

test. The result shows that silver gives lower surface tension 

to the alloys of the SAC, which results in better friction 

performance than silver-free alloys. 

Better performance of lead-free alloy with less silver 

content 

According to Kim's release test, the SAC105 and SAC405 

were tested by releasing a 14 * 14 * 1 mm test instrument 

with 15 soldered orthogonal wires (Kim 2007). Free fall test 

was designed with a distributed sinusoidal acceleration. The 

acceleration peak was applied with g1500 and 0.5 

millisecond. 
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There were two types of failure modes. Leak expanded in 

the IMC layer and crack expanded through the solder 

connection volume. The distribution rate of the crack in the 

IMC layer was higher than the IMC solder connection 

volume due to the more fragile IMC layer. In other words, 

the solder connections in cracking in the volume of solder 

joints have a longer failure time than the IMC layer cracks. 

For SAC405, about 90% of the failure modes, the cracks 

were played through the IMC layer, while 10% of them 

were dispersed through volume. However, the ratio of two 

types of failures in the SAC105 is about 1 to 1. Thus, the 

low amount of low-alloyed SAC105 alloy produces better 

performance than the SAC405 alloy with a higher silver 

content. This is due to the compatibility and dispersion of 

the higher energy of the alloy with a low silver content (Suh 

2007). 

Application of the Weibull regression model 

Because lead-free soldering is important for the electrical 

and electronic industries, it can be used for many electronic 

devices such as laptops, desktops, smartphones, and so on. 

These instruments are heated in response to the electrical 

current passing through the operation. Most of the electronic 

equipment has internal heaters in place to lower the 

temperature, which transforms the environment into a real 

thermal cycle for the orbital circuit board. Different 

equipment has different cycle conditions and cycles. 

In order to predict the fatigue life of lead-free solder under 

such conditions, the Weibull regression model can be used 

with some modifications in previous model sets and 

distributions to adjust specific situations. With the 

regression model, the lifetime of a solder characteristic of a 

product can be guessed. And reliability analysis with more 

detail based on the lifetime of the feature produced to 

reduce the risk of failure. 

Non-lead solders deflection models under different tests 

- Release test 

Over the past two decades, portable electronic products have 

become popular with electronics manufacturers. People 

carry smartphones, digital cameras and tablets all day for 

business and entertainment. High operating frequency 

increases the risk of sudden falling of this equipment. This 

portable equipment can contain a large number of solder 

connections on the main chips, which makes it extremely 

important to study the reliability of lead-free solder 

connections under the release test. 

 

- Bending test 

Smartphones have become thinner and thinner these days. 

The slimmest phone is just 5.5 mm thick. The iPhone 6 has 

a thickness of 6.9 mm and a 4.7-inch display. Because the 

smartphone is very thin, while the screen is large, they can 

easily bend. Many iPhone 6 enthusiasts have said that they 

will bend easily when they sit in a pocket with the phone. 

However, when the handsets are bent, they still work 

perfectly, which means that all solder joints are in good 

condition. A number of bending tests are required to 

evaluate the reliability of non-lead solder joints in bending, 

torsion-tensile stress conditions. 

Kim and Lee developed a ring bend test (Kim 2008, 31). A 

PBGA test with 256 solder joints with a diameter of 760 

μm was used for this bending test. 

The test was performed using a HZ1 sine wave with 

different amplitudes of 25, 30, 40, 50 and 60. For each 

domain range, there were 5 repeated tests to reduce random 

error. Sn37Pb and SAC405 were used as solder alloy to 

study the difference between lead-free and lead-free solder 

alloys under bending conditions. 

The result showed that most failures occurred on both sides 

of the package, which is simply due to the fact that under 

the most 

The pressure was explained. For solder bullets, the crack 

length was proportional to distance from the center. Figure 

2-3 shows the difference in the lifetime of the failure 

between Sn37Pb and SAC405. Both the Sn37Pb and the 

SAC405 show that great stress can help reduce the failure 

time. When the applied load is below 37 N, the SAC405 

has a longer lifetime failure rate, while at a load above 

Sn37Pb, N37 shows better reliability than lead-free alloy. 

- Failure mode 

According to Wok's release tests, he tested 2 samples of the 

eutectic Sn37Pb solder connections and (Sn3.8Ag0.7Cu) 

SAC387 (Zhang 2007, 30). All solder bullets have a 

diameter of 200 μm and the soldered BGA package was 10 

x 10 mm, with a release height of 70 cm. After 5 release 

tests for each sample, the scanning electron microscope 

(SEM) was used to check the breakdown pattern of the 

released release tests. Both lead-and-lead-based soldered 

samples, the failure at the joint level, occurred on the side 

of the equipment that was most tense. 

For example, lead-free solder, Sn3.8Ag0.7Cu, all failures 

were fragile surface cracking. The cracks occurred in the 

IMC layer and distributed across it. For example, based on 

Sn37Pb lead, most of the failures were volumetric soldered, 

cracking in the solder connection. The strain rate sensitivity 

of the SAC solder alloy is much higher than that of the 

lead-based solder alloy, which is also due to the Ag3Sn 

crystalline and intermetallic structure. 

The low strain rate leads to solder deformation. While with 

a high strain rate, the metal-to-metal bonding of solder 

coupling deformation 

Prevents and cracks in the intermediate metal layer instead 

of the volume. However, the deformation of the solder 

alloy can absorb some of the strain, resulting in a longer 

life span. In other words, SnPb has a better performance 

than the lead-free SAC387 alloy in the release test. 

Cycle Thermal Test 

- Longer lifetimes of SAC alloys than lead-based 

alloys in thermal cyclic tests 

Finite element modeling is a suitable method for simulating 

stress and strain distribution on solder joints. Lajimi et al. 

simulated a 2-wind limited finite element model to replace 

the real-cycle thermal test for SAC and tin-lead at low cost 

connections (Suhling 2004, 16). The temperature range of 

the thermal cycle was -55 to + 75 ° C, and a sinusoidal 

function was used to simulate temperature changes with 

duration of 20 minutes for each cycle. The results show that 

both SAC and tin-lead alloys have high reliability under the 

heat cyclic test with a lifetime of 2,000 cycles. However, the 

SAC alloy had a better life span. 

- Increase the risk of failure with a wider range of 

temperature cycles 
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In an experiment conducted by Hongtao (Hongtao 2011, 1), 

both SAC305 and Sn3.5Ag alloys showed similar results in 

the speed of soldering failure in a broader range of 

temperature cycles. For temperature range temperatures of 

0 - 100 ° C and 125 ° - 40 ° C, the cracks were found to be 

close to the edge of the PCB, side of the package and in the 

solder volume, but for a wider range of cyclic cycles such 

as 125 - 55 and - 150 - 60 Celsius degrees, the samples 

indicated a combination of failure modes and more severe 

states than low temperature sufferings. The cracks occurred 

on both sides of the PCB and the sample package. A large 

number of cavity failures were found in the tested 

specimens, while cavity failures were not observed in low-

temperature conditions. Studies have shown that lead-free 

solder joints are harder in lower temperatures. Under low 

temperature conditions, such as 55 degrees Celsius, solder 

joints absorb less energy, causing cracks in the layer to 

form a cavity defect that increases the risk of failure. 

- Fatigue performance is more appropriate during 

thermal tests by increasing the amount of mercury 

and increasing the bandwidth thickness 

By comparing the SAC105, SAC305 and SAC405, the 

SAC405 has a longer life span, while the SAC105 has the 

shortest failure life under different bandwidths. Also, for 

each of these lead-free alloys, the failure time increases 

with increasing bandwidth thickness (Mathias 2014 54) 

Vibration test 

- Force vibration constant 

The Sn37Pb, Sn0.7Cu, Sn3.5Ag alloys were used for these 

experiments (Sun 2003, 3), in the form of rectangles with 

dimensions of 4 x 100 x 20 mm with 2 vents The shape on 

its upper and lower edges, which are hinged on the 

vibration equipment, make up a vibrational system similar 

to a simple, straight-forward beam. A constant 3.5 g 

harmonic force is also used to perform the test. 

The results showed that Sn37Pb, Sn0.7Cu and Sn3.5Ag all 

had the same failure life; Sn37Pb had the highest average 

failure time of 23,000 cycles, followed by Sn0.7Cu with 

22,000 cycles, followed by Sn3 .5Ag with about 21,000 

cycles. Although the failure time was the same, the failure 

patterns between the lead and lead-free base alloys were 

very different. For non-lead alloys, Sn-dendritic proteins 

were present in Sn-Ag and Sn-Cu, while such a 

microscopic structure was not observed in Sn-Pb. The 

structures of dendritic Sn protect help to form fluctuation 

patterns, which results in high depreciation capacity. Along 

with the deformation pattern, the initial abandonment was 

expanded indirectly, instead of direct leaving, like the Sn-

Pb alloy. Good depreciation capacity for unleaded alloys 

enhances them from the longer-term failure-life advantage 

of high-level vibration testing. Compared to the Sn-Pb 

alloy, both the Sn protected deformation and the 

intermediate phase failure occur under vibration. The initial 

crack propagates during the mid-phase Sn / Pb and the 

boundary of the Sn / Sn expansion, and direct deformation 

can absorb some of the energy. 

Random vibrations 

In reference (June 2010, 33), SAC solder alloys were 

subjected to PSD tests with different amplitudes. The PSD 

range in these experiments was 60(m/s2)2/HZ, 

80(m/s2)2/HZ, 120(m/s2)2/HZ, 180(m/s2)2/HZ. The result 

was that the larger PSD slices resulted in a shorter lead 

times failure rate. And of course this is easy to understand 

because the range is proportional to energy. In similar 

soldered ones, they absorb more energy, have a shorter life 

span. Additionally, when the PSD range increases, the 

solder failure modes change. The cracking location from 

inside the solder shell mass near the PCB side changes into 

the IMC interface to the near BGA side. For solder bullets 

with the following range 60 (m / s2) 2 / Hz, the crack inside 

the solder shell mass is close to the PCB side and 

propagates almost randomly through the masses to cause a 

failure. There are cracks on the BGA side, but its 

propagation speeds are lower than those of the PCB. For 

solder bullets with the following range 80 (m / s2) 2 / Hz, 

only the cracks on the BGA side are observed and are still 

randomly distributed in solder shells. For molten balls of 

the following range 120( m / s2) / Hz, the crack first occurs 

on the IMC layer and propagates into the IMC layer, at the 

crack end, slightly into the soldered mass of the ball, and 

eventually defeats Gets Cracks in the IMC layer are 

considered as cracked cracks and cracks in the masses, 

ductile cracks. 

- High frequency vibrations 

To study the fatigue life of unleaded solder alloys under a 

thermal cycle, a total of data from the Khwariz reference 

(Khwariz 2012) was used. He developed a thermal test to 

investigate the effect of the stress-stress test (IST) and the 

process of re-heating thermal preconditioning on the lead-

free solvent defrosting time. The precondition process 

simulates the assembly process in the real production 

system. The IST internalized the samples tested by the 

communication circuit and through heat transfer heat over a 

very short period of time. As the flow rate increases from 

the specimen, the reaction temperature also increases the 

sample temperature. For this experiment, specimens of size 

1 * 7 * 5 were used. Each sample was made of 14 orbital 

layers along with an electric circuit ring. SAC has been 

tested as a representative of lead-free solder alloys in this 

test. 

Apart from different methods of thermal testing, the 

material of the material is considered for various 

components as fracture failure behavior factors for lead-

free solder. In this test, 3 genera of sample material are 

selected and are referred to as sex 1, 2, and 3. However, a 

number of data is missing information on the sex of the 

material during the tests; in this case it is referred to as 

Article 4 material. A bunch of 6 samples has been tested 

every time. 

For the model used in this research, WinBUGS depicts the 

Gelman-Rubin Diagram as Figure 2-1. 

Most graphs show that Ȓ after 5,000 repetitions to 1, which 

can prove convergence, with the exception of β0, 4β and 

β5. Graphs show that even after 10,000 repetitions, the 

value of Ȓ is equal to 1 round. Non-convergence will not 

give us the next good estimate for the parameters. 
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Figure 2-1 Diagnostic Diagram - Gelman-Rubin Initial Run with 10,000 Repetition and 1000 Burn-in Repeats 

In addition, the correlation diagrams β0 and β4 in Figs. 2-2 

also indicate a strong correlation between these parameters 

in repetitions. 

 

 

 

 

 

 
Figure 2-2 shows the correlation charts of the parameter β0 and β4 

 

The reason for poor convergence can be a small number of 

repetitions. In order to improve the convergence of those 

parameters, more repetitions with a set of 100,000 

repetitions and 10,000 burn-in repetitions were considered. 

The reason for the high correlation of the parameters can be 

a small change in the value of Je. In this study, the total 

number of data samples is 132, but only 6 are different 

values of je. It seems logical to have some correlation 

coefficients. Less interval intervals can be used to solve a 

problem. A small interval, such as 10, allows the chains to 

be sampled after every 10 repetitions (that is, only 

observation 1, 11, 21). This sample delay effectively 

prevents correlation between repetitions. In addition, it can 

maintain storage space and speed up computing. To reduce 
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correlations in repetitions, 20 intervals are set for each 

parameter. Correlated correlation charts for β0 and β4 are 

shown in Figures 2-3. The correlation of these parameters 

to repetitions has dropped from 1 to 0.5 compared with the 

initial implementation. Given that the best situation is near 

zero or zero, this situation is not complete, but now it is 

more acceptable than before. 

 
Figure 2 - 3 corrected correlation diagrams β0 and β4 

By checking the convergence of the algorithm, from Fig. 2-

3, all of the parameters show a good convergence on the 

repetitions with values of Ȓ convergent to 1. Also, all 

values of Ȓ begin with values greater than 1, which 

indicates good dispersion of values in the sample space. V' 

and WSS are fixed after several repetitions. 

The Records Chart in WinBUGS draws the path of the 

values of the parameters to the repetitions. For a good 

model, the parameter records diagrams should not show a 

pattern, which means that the sample is randomly selected 

from the previous distribution without correlation. 

 
Figure 2-4 Revised Gelman-Rubin Diagram Diagrams

As in Fig. 3, diagrams (a) and (c) of the records of the 

parameters are β0 and β4, the path of the records of these 

two parameters is strongly correlated with the repetitions, 

and two chains are separated from each other, which is 
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based on a poor sampling of The model implies, however, 

after modifying the model with 100,000 repetitions and 20 

intervals, the charts seem to have improved. The behavior of 

the 2nd chain of each parameter is similar without any 

pattern or correlation. 

 

 

 

 

 

 

  
Figure (3) - (a) Early history chart β0 (b) Modified record β0 (c) Early history chart β4 (d) Modified β4

 

For further sampling, the density charts of the parameters 

are generated by WinBUGS in Figure 4. Graphical kernel 

density graphs yield a latency estimation density for each 

monitored parameter. Based on the distribution of previous 

parameters, their density graphs should be similar to each 

other. For our model, the former β0 and β4 are normally 

distributed. As a result, the expected density diagrams of 

these two parameters must be in the same shape as in the 

normal distribution. Compared to the modified density 

graphs, the initial model shows a bad density graph shown 

in Figure 5. Both graphs are distant from the normal 

distribution, which is a sign of the next weak sampling of 

β0 and β4. 
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Figure 4 Modified kernel density diagrams - β0 and β4 

 
Figure 5 Initial kernel density diagrams - β0 and β4 

Conclusion 

After 100,000 repetitions with 10,000 burn-in repetitions, 

WinBUGS distributes the following parameters of α and β 

based on previous distributions. 

Table 2 summarizes the statistical results of the following 

data. All of the deviations of the next estimated benchmark 

are very small and are comparable to the acceptable 

average. Monte Carlo's disadvantages are very small 

compared to the estimated later deviations of the 

benchmark, which illustrates the good performance of the 

Monte Carlo simulation. 

The next estimated mean of the parameter is β4 ' = -1.755, 

the inverse energy ratio absorbed by the test specimens and 

Time shows the failure time of the samples. Β2' = -2.906 

indicates that the genus sample 2 is really bad, in that it 

reduces the time of the failure cycle in comparison with the 

sex of samples 1 and 3. Β5' = 0.2382, which is close to 0, 

shows that the prerequisite method has only a small effect 

on the time of the failure cycle, while Joule's equivalent 

energy has a high effect on it. 

Tab

le 2 Statistical Report of the Weibull Regression Model with WinBUGS Prev. Useful Data 

Node Mean Sd MC error 2.5% Median 97.5% start sample 

Alpha 0 3.353 0.3618 0.00447 2.668 3.342 4.076 10000 9000 

Alpha 1 0.3456 0.5693 0.005455 -0.7581 0.3476 1.488 10000 9000 

Alpha 2 -2.039 0.4438 0.004427 -2.884 -2.045 -1.147 10000 9000 

Alpha 3 0.3183 0.5573 0.005744 -0.7455 0.3054 1.44 10000 9000 

Alpha 4 0.9209 0.4466 0.004713 0.06004 0.9201 1.806 10000 9000 

Beta 0 19.12 0.9538 0.005558 17.25 19.07 21.1 10000 9000 

Beta 1 -1.104 0.06232 6.345E-4 -1.225 -1.104 -0.9813 10000 9000 

Beta 2 -2.906 0.1896 0.002093 -3.27 -2.912 -2.513 10000 9000 

Beta 3 -0.6304 0.05737 9.086E-4 -0.7407 -0.6305 -0.5184 10000 9000 

Beta 4 -1.755 0.1462 0.008515 -2.06 -1.748 -1.467 10000 9000 

Beta 5 0.2382 0.05425 0.001398 0.1332 0.2379 0.3475 10000 9000 

 

With the WinBUGS results, the conclusion of non-lead 

solder heat loss fatigue life can be produced as follows: 

𝑡~𝑤𝑒𝑖𝑏𝑢𝑙𝑙(𝜈,𝜂)  

𝜈=3.353+0.3456𝑠_1−2.039𝑠_2+0.3183𝑠_3+0.9209𝑟                                                                             

(1-1)  

(𝜂)=19.12−1.104𝑠_1−2.906𝑠_2−0.63044𝑠_3−1.755𝑙𝑛(𝑗
𝑒)+0.2382𝑟 

The equivalent energy jolly absorbed by the samples plays 

an important role in the failure time of samples in the 

mantle path. The failure time will be reduced as Joule 

equals the increase. 

Compare the model with useful and useless previous 

data 

In this study, previous useful data have been used based on 

previous studies of non-lead lead-free soldering. In some 

cases, when there is not enough information from previous 
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data, previously unusual data may be used. However, the 

good previous good data will lead to a better model than 

the previously unwanted data. Previous topic has been used 

to review the issue. All previous data α and β are sets with 

normal distribution and with an average of zero. The 

standard deviation is 1000 as normal (0.10002). Along with 

the previous data, all sets of model remain the same. After 

100,000 repetitions with 10,000 burn-in repetitions, the 

summary of the statistics of the parameters is shown in 

Table 3. Compared with the summary of Table 3.3, which 

is based on a model with useful previous data, the standard 

deviation of each parameter in Table 3 is greater than Table 

2. In this case, 

Table 3 Statistical summary of the same Weibull regression model with previously unobservable data 

Node Mean Sd MC error 2.5% Median 97.5% start sample 

Alpha 0 4.019 0.5226 0.01061 3.041 4.002 5.066 10000 9000 

Alpha 1 0.02555 0.7971 0.0115 -1.504 0.01986 1.623 10000 9000 

Alpha 2 -2.829 0.5669 0.00948 -3.959 -2.83 -1.731 10000 9000 

Alpha 3 -0.1446 0.7487 0.01052 -1.566 -0.164 1.358 10000 9000 

Alpha 4 0.7639 0.5331 0.007735 -0.2744 0.7666 1.809 10000 9000 

Beta 0 13.98 2.024 0.1749 11.03 13.35 18.39 10000 9000 

Beta 1 -1.1 0.05867 0.001064 -1.218 -1.1 -0.9865 10000 9000 

Beta 2 -3.047 0.2177 0.002477 -3.503 -3.04 -2.639 10000 9000 

Beta 3 -0.5741 0.0603 0.002489 -0.6973 -0.5734 -0.46 10000 9000 

Beta 4 -0.9654 0.31 0.02679 -1.641 -0.8693 -0.5136 10000 9000 

Beta 5 0.1141 0.06483 0.004039 -0.004082 0.1102 0.2493 10000 9000 

 

 
Figure (6) - (a) β0 records with non-obsolete previous data, (b) β4 records with previously unobserved data 

In addition, the diagrams of β0 and β4 (Fig. 6) are much 

worse than the model with previous data. Parameter records 

diagrams with inappropriate data on the bad model 

convergence behavior, which affects the accuracy of the 

next inference. 

Reliability prediction 

From the model with previous useful data, the prediction of 

the lifetime of the characteristic η is based on energy cycle 

energy information, the type of thermal rehearsal type 

(IST) and what kind of sample is selected. In the real world 

of production, the assembly process looks like it is true that 

the reciprocating prerequisite process is correct. To predict 

the lifetime of the SAC solder coupling characteristic in 

real life, a latent η data can be used in the model. Table 4 

shows the summary of η under the reset flow conditions. 

Table 4: Estimation of SAS solder lifetime with useful previous data 

Node Mean Sd MC error 2.5% Median 97.5% start sample 

Sample 1 670 38.97 0.5718 597.3 669.4 749.5 10000 9000 

Sample 2 111.2 21.73 0.2415 76.8 108.9 159.3 10000 9000 

Sample 3 1262 61.08 0.7298 1147 1261 1388 10000 9000 

Unknown 

sample 

2137 89.22 1.053 1970 2135 2324 10000 9000 

To complete the analysis, among the 3 genera, sample 

genus 2 has the worst performance in the test. Examples of 

the unknown substance have the longest life span of 4 

genera, which may be the best choice for sample 
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generations for companies, if the lifespan of failure is the 

biggest concern when selecting a female. 

A similar late-probability reliability data can be deduced 

from the reliability function in the model. For example, the 

probability that a solder connection is broken after 1000 

cycles is produced in Table 5. This table describes the 

results of the gender classification of the same sample as in 

Table 5.3. The probability that the specimens break down 

from the specimen 1 and 2 is very small, and the result can 

be that the specimens produced by the specimen generates 

1 and 2 after 1000 thermal cycles. Meanwhile, the same 

probability of the sex of the unknown sample is high and its 

value is 0.9594, which is very close to 1, indicating a high 

probability that the specimen breaks down after the sample 

of 3 after 1000 thermal cycles. 

Table 5 Proof of SAC solder connection reliability for 1000 cycles 

Node Mean Sd MC error 2.5% Median 97.5% start sample 

Sample 1 0.005002 0.009351 3.312E-5 6.275E

-6 

0.001563 0.03116 10000 9000 

Sample 2 1.98E-5 9.933E-4 3.227E-6 0 0 1.287E-8 10000 9000 

Sample 3 0.7029 0.06844 2.414E-4 0.5584 0.7069 0.8251 10000 9000 

Unknown 

sample 

0.959 0.01597 5.603E-5 0.9211 0.9615 0.9827 10000 9000 

1. In general, lead-free alloy showed a good failure. 

The alloy was tense with lower mercury content 

over time, while the alloy with a high mercury 

alloy had a longer shelf life under the pre-heat 

process. 

2. The Weibull regression model in the WinBUGS 

environment using Bayesian inference, along with 

Meta data analysis from previous studies, was 

conducted to investigate the non-lead soldered 

bond failure test under a heat test. IST and re-flow 

are two of the preconditions used in the test. The 

Weibull regression model simulates the life of the 

test specimens with three independent variables: 

the genus of the sample of components, the variety 

of the pre-process process and the energy 

absorbed by the samples. As a result, the energy 

absorbed by the test sample is in reverse 

proportional to the failure time, while the 

precondition type does not have a significant 

effect on the life span. 

3. The comparison of the performance of the model 

with the previous useful and not useful data was 

analyzed and the result was that using the previous 

data useful, the inference model was more precise. 

Further research is needed to test changes in testing 

conditions, but the used model is flexible and easily 

adjustable for any similar situation. 

Suggestions for future research 

The suggestions can be summarized as follows: 

1. Use of solder alloys and checks their reliability 

using this method 

2. Use different models to check the reliability of 

lead-free solder alloys 

3. Use different test conditions to conduct analyzes 

for better and more accurate results 

4. Use other data analysis tools to perform 

simulations and compare their results 
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