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ABSTRACT 

 

Radiation particles with enough energy to break the chemical bonds of the 

materials, such as gamma radiation, may affect the performance of the solder joints. 

In this research, the physical and mechanical properties, microstructure evolution and 

thermal stability of lead-free solder joints radiated with gamma radiation were 

investigated. Prior to characterization, the solder pastes of tin-silver copper 

(SnAg3Cu0.5; SAC305) was manually deposited on the printed circuit board using a 

stencil printing method and reflow soldering process. Subsequently, the solder was 

exposed to low doses (5-50 Gy) of gamma radiation. As gamma radiation dose 

increased, the thickness of the intermetallic compound (IMC) layer of the solder 

increased suggesting that gamma radiation had coarsened the grain size of SAC305 

solder. The contact angle remained to have good wettability. XRD results show the 

presence of the β-Sn, Cu6Sn5 and Ag3Sn phases. The nanoindentation test revealed the 

occurrence of pop-in events due to the atomic distortion and dislocation density of the 

SAC305 samples. The hardness and reduced modulus values increased up to 15 Gy 

owing to the disturbance in the atomic arrangement of the solder material. However, 

the values decreased as the radiation dose increased (50 Gy) which could be linked to 

the presence of voids and irregular IMC. The eutectic phase area showed a parallel 

trend to the hardness value obtained due to the coarsening of β-Sn and IMC particles 

in the solder. Microstructure observation of the solder revealed that Cu6Sn5 and Ag3Sn 

compounds dominated the intermetallic layer in the Sn matrix. Thermal analysis 

showed that the radiation does not affect the performance and reliability of the solder. 

These findings are expected to be used as a basis in understanding the effect of 
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radiation on the physical, mechanical properties, microstructure evolution and thermal 

stability resulting to the reliability of solder joints.  
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ABSTRAK 

 

Zarah sinaran dengan tenaga yang mencukupi untuk memutuskan ikatan kimia 

bahan, seperti sinaran gama, boleh menjejaskan prestasi sambungan pateri. Dalam 

penyelidikan ini, sifat fizikal dan mekanikal, evolusi struktur mikro dan kestabilan 

terma sambungan pateri bebas plumbum yang tersinar gama telah diselidiki. Sebelum 

pencirian, pes pateri tembaga timah-perak (SnAg3Cu0.5; SAC305) digunakan secara 

manual pada papan litar bercetak menggunakan kaedah cetakan stensil dan proses 

pematerian aliran semula. Selepas itu, pateri terdedah kepada sinaran gama dos rendah 

(5-50 Gy). Apabila dos sinaran gama meningkat, ketebalan lapisan sebatian antara 

logam (IMC) pateri juga meningkat, menunjukkan bahawa sinaran gama telah 

mengasarkan saiz butiran pateri SAC305. Sudut sentuhan kekal mempunyai 

kebolehbasahan yang baik. Keputusan XRD menunjukkan kewujudan fasa β-Sn, 

Cu6Sn5 dan Ag3Sn. Ujian pelekukan nano menunjukkan kejadian perubahan 

mendadak (pop-in) disebabkan herotan atom dan ketumpatan kehelan sampel 

SAC305. Nilai kekerasan dan modulus terkurang meningkat sehingga 15 Gy 

disebabkan oleh gangguan dalam susunan atom bahan pateri. Walau bagaimanapun, 

nilai tersebut menurun apabila dos sinaran meningkat (50 Gy) yang boleh dikaitkan 

dengan kehadiran lompang dan IMC yang tidak tersusun. Luas fasa eutektik 

menunjukkan arah aliran selari dengan nilai kekerasan yang diperoleh akibat 

kekasaran zarah β-Sn dan IMC dalam pateri. Pemerhatian struktur mikro pateri 

mendedahkan bahawa sebatian Cu6Sn5 dan Ag3Sn mendominasi lapisan antara logam 

dalam matriks Sn. Analisis haba menunjukkan bahawa sinaran tidak menjejaskan 

prestasi dan kebolehpercayaan pateri. Penemuan ini dijangka akan digunakan sebagai 
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asas dalam memahami kesan sinaran ke atas sifat fizikal, mekanikal, evolusi 

mikrostuktur dan kestabilan terma yang mengakibatkan kebolehpercayaan sambungan 

pateri. 

Kata kunci:  

mikromekanikal, struktur mikro, pateri, kestabilan terma, radiasi 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1       Background  

The word ‘electronic’ is originated from the word electron, a branch of science 

dealing with theories and use of devices in which the electrons travel through a 

vacuum, gas, or a semiconductor medium. For the past centuries, the usage of 

electronic devices covers almost the entire field of application such as in 

communications systems, consumer and industrial electronics, medical sciences, 

radiation-related fields, defense (military hardware) and aeronautical applications. 

With the rapid development of electrical products, there has been a notable revolution 

in the miniaturization and increased functionality of electronic devices. In electronic 

devices, the types of interconnections available are wire bonding, conductive adhesive, 

and solder joints with the most popular interconnection being solder joints. Wireless 

and portable gadgets are becoming more popular, necessitating the development of a 

smaller and more compact solder joints. Thus, assessing the reliability of electronic 

products is the utmost priority in electronic industries to ensure a long term 

performance (Thambi, 2018). Reliability is the ability of a system or component to 
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perform its required functions with certain conditions for a specific period of time. The 

reliability evaluation is used to determine the failure rate of a solder junction over the 

course of its service life. Solder joints, however, is the weakest link in electronic 

packages, with failure rates at its joints was over half of the percentage (Wen et al., 

2020). In every device, parts with a high chance of failing occurrence are the 

interconnections. Metallic wire bond, conductive adhesive and solder joint are some 

of the interconnections and among the three, solder is the most popular and was used 

in many types of products and fields. Hence, it is important to fully investigate the 

reliability of the solder to ensure the durability of the devices. 

 

In the electronic industry, solder is an alloy used to make mechanical and 

electrical connections between components and substrates. Soldering is the process of 

linking metals together by using solder pastes to form joining components having a 

lower melting temperature than the adjoining metal. This process could have affected 

the reliability of electronics devices as there is a growth of intermetallic compound 

(IMC) layer when the solder material reacts with the substrate material. The IMC 

continues to grow thicker and in time affect the solder joint in the event of any 

vibration or mechanical stress applied to the substrate. This is owning to the brittle 

nature of the crystal-like intermetallic compared to the amorphous solder. Wen et al. 

(2020) relates the growth of interfacial IMC layer degrades the performance of gold-

tin (AuSn) alloy solder joint.  

 

Worldwide, over 20 million pounds of tin-lead (Sn-Pb) solders are 

manufactured annually. As of July 2006, Restriction of Hazardous Substances (RoHS) 
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