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ABSTRACT 

 

 

Recently, the attention toward CNT-composite solder (CCS) has increased remarkably due 

to numerous advantages. However, the electronic devices’ failure is still growing and has 

become an integral part of the countless product in the industrial market. These failures are 

mainly related to the reliability of electronic packaging. The significant reliability 

degradation because the solder has lifted due to the occurrence of the oxide layer on the 

copper lead frame’s surface. Hence, the primary purpose of this study is to analyse the 

performance of the CCS on the copper lead frame, especially on the oxidise copper lead 

frame. Nonetheless, the reflow temperature for CCS was first acquired to ensure the 

uncertainty on data validity could be eliminated. In this study, the commercial solder SAC 

305, subjected to different weight percentages (Wt.%), was reflowed on the oxidise copper 

substrate to analyse the performance of CCS when encountering the oxidise copper lead 

frame. The CCS subjected to the different weight percentages of carbon nanotube was first 

characterised to investigate the effect of carbon nanotube on the CCS’s properties. Then, 

the copper lead frame, which undergoes a heat treatment process subjected to four different 

temperatures (60 ºC, 120 ºC, 180 ºC, and 240 ºC), was analysed to ensure the existence of 

an oxide layer on the copper lead frame’s surface. Apart from that, scrutinise the effect of 

the oxide layer on the copper lead frame’s properties. Afterwards, the CCS was reflowed 

on the oxidise copper lead frame, and the IMC’s microstructure of the CCS will be 

observed through TEM. The CCS is stiffened as the amount of the CNT incorporated into 

the commercial solder increases. The hardness of the CCS was increased from 15.75 Hv to 

17.20 Hv, 17.33 Hv and 18.5 Hv as the wt. % of the CNT increased from 0.01 to 0.02, 0.03 

and 0.04. However, the Young modulus for CCS with 0.01 CNT, which is 3.41x10-4 N/mm 

decreased to 1.5x10-4 N/mm as the 0.02 wt.% of CNT was added into the solder and 

increased to 2.37x10-4 N/mm and 4.06x10-4 N/mm as the 0.03, and 0.04 wt.% was added 

into the solder. For the oxidising copper lead frame, the native oxide layer already existed 

on the copper lead frame’s surface, and the thickness was 6 nm. The thickness of the oxide 

layer increased to 10 nm, 19 nm, 110 nm and 350 nm after the copper lead frame was 

exposed to the temperatures of 60 ºC, 120 ºC, 180 ºC and 240 ºC. In addition, the 

conductivity of the copper lead frame decreased from 58.71 %IACS to 47.2 %IACS and 

44.57 %IACS when the copper lead frame was exposed to 60 ºC and 120 ºC. The 

conductivity value of the copper lead frame started to increase to 45.41 %IACS and 52.33 

%IACS when the copper lead frame was exposed to 180 ºC and 240 ºC. The presence of 

the intermetallic compound (IMC) after the CCS reflowed on the oxidise copper lead 

frame proves that the CCS was successfully joining with the copper lead frame. The void 

has spotted lies at the surface of the oxidise copper lead frame and along with the IMC 

layer. The occupancy of voids along the IMC layer will degrade the reliability of the CCS 

solder. In conclusion, the commercial solder’s properties were improved when added with 

CNT, but the void may develop within the IMC layer when encountered with the oxidise 

copper lead frame. The void will reduce the life span of the joint. This study’s finding 

profoundly emphasises the knowledge of the CNT-composite solder and when reflowed on 

the oxidise substrate. 
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ANALISIS FUNGSI KOMPOSIT PATRI/PLUMBUM KUPRUM TEROKSIDA 

ANTARHUBUNG DALAM PEMBUNGKUSAN MIKROELEKTRONIK  

 

ABSTRAK 

 

Sejak akhir ini, perhatian terhadap pateri komposit CNT (CCS) telah meningkat dengan 

ketara. Walau bagaimanapun, kegagalan peranti elektronik masih berkembang dan telah 

menjadi sebahagian daripada produk yang tidak terkira banyaknya dalam pasaran 

perindustrian. Kegagalan ini terutamanya berkaitan dengan kebolehpercayaan 

pembungkusan elektronik. Kemerosotan kebolehpercayaan yang ketara kerana pateri telah 

terangkat akibat adanya lapisan oksida pada permukaan rangka plumbum kuprum. Oleh 

itu, tujuan utama kajian ini adalah untuk menganalisis prestasi CCS pada rangka 

plumbum kuprum, terutamanya pada rangka plumbum kuprum teroksida. Namun begitu, 

‘reflow temperature’ untuk CCS perlu diperoleh dahulu untuk memastikan keraguan 

terhadap kesahihan data dapat dihapuskan. Dalam kajian ini, pateri komersil SAC 305, 

dengan peratusan berat yang berbeza (Wt.%), dipateri pada substrat kuprum teroksida 

untuk menganalisis prestasi CCS apabila dipateri pada bingkai plumbum kuprum 

teroksida. CCS dengan peratusan berat berbeza CNT akan dianalisi terlebih dahulu untuk 

menyiasat kesan CNT pada sifat CCS. Kemudian, kerangka plumbum kuprum, yang 

menjalani proses rawatan haba tertakluk kepada empat suhu berbeza (60 ºC, 120 ºC, 180 

ºC dan 240 ºC), dianalisis untuk memastikan kewujudan lapisan oksida pada permukaan 

rangka plumbum kuprum. Selain itu, kesan lapisan oksida terhadap sifat rangka plumbum 

kuprum juga akan dikaji. Selepas itu, CCS akan dipateri pada bingkai plumbum kuprum 

teroksida, dan struktur IMC bagi CCS akan diperhatikan melalui TEM. CCS menjadi 

semakin kuat apabila jumlah CNT yang digabungkan ke dalam pateri komersial 

meningkat. Kekerasan CCS meningkat daripada 15.75 Hv kepada 17.20 Hv, 17.33 Hv dan 

18.5 Hv apabila wt.% daripada CNT meningkat daripada 0.01 kepada 0.02, 0.03 dan 0.04. 

Walau bagaimanapun, ‘Young Modulus’ untuk CCS dengan campuran 0.01 CNT, iaitu 

3.41x10-4 N/mm menurun kepada 1.5x10-4 N/mm apabila 0.02 wt.% CNT telah ditambah ke 

dalam pateri dan meningkat kepada 2.37x10-4 N /mm dan 4.06x10-4 N/mm sebagai 0.03, 

dan 0.04 wt.% telah ditambah ke dalam pateri. Untuk bingkai plumbum kuprum 

pengoksidaan, lapisan oksida tersedia ada pada permukaan bingkai plumbum kuprum, 

dengan ketebalannya ialah 6 nm. Ketebalan lapisan oksida meningkat kepada 10 nm, 19 

nm, 110 nm dan 350 nm selepas rangka plumbum kuprum didedahkan kepada suhu 60 ºC, 

120 ºC, 180 ºC dan 240 ºC. Selain itu, kekonduksian rangka plumbum kuprum menurun 

daripada 58.71 %IACS kepada 47.2 %IACS dan 44.57 %IACS apabila rangka plumbum 

kuprum didedahkan kepada 60 ºC dan 120 ºC. Nilai kekonduksian rangka plumbum 

kuprum mula meningkat kepada 45.41 %IACS dan 52.33 %IACS apabila bingkai plumbum 

kuprum didedahkan kepada 180 ºC dan 240 ºC. Kehadiran sebatian antara logam (IMC) 

selepas CCS dipateri pada rangka plumbum kuprum teroksida membuktikan bahawa CCS 

berjaya bercantum dengan bingkai plumbum kuprum. ‘Void’ telah kelihatan wujud pada 

permukaan bingkai plumbum kuprum teroksida dan juga sepanjang lapisan IMC. ‘Void’ 

yang ada di sepanjang lapisan IMC akan merendahkan kebolehpercayaan pateri CCS. 

Kesimpulannya, sifat pateri komersial telah dipertingkatkan apabila ditambah dengan 

CNT, tetapi ‘void’ boleh wujud dalam lapisan IMC‘Void’ ini akan mengurangkan jangka 

hayat pateri. Penemuan kajian ini menambahkan lagi pengetahuan berkenaan tentang 

pateri komposit CNT dan sifat CCS apabila dipateri pada substrat pengoksidaan.   
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1 CHAPTER 1 

 

INTRODUCTION 

 

This chapter provides information regarding the study’s background, problem 

statements, objectives, research questions, scope and limitations, and the potential benefits. 

This chapter also presents an outline of how the investigation has been carried out. 

 

1.1 Overview 

Semiconductor devices such as integrated circuits (ICs) are ubiquitous in electronic 

devices. The device can act as an amplifier, oscillator, microprocessor, or even a timer and 

can be found in automobiles, computers, aerospace, and trains (Ng et al., 2016; 

Sanguantrakul and Wongsawat, 2018; Shirriff, 2016; Yu et al., 2019). The ICs are fabricated 

as a single unit, consisting of the silicon die, and placed on the lead frame by the die-attach 

process. The silicon die consists of multiple individual components such as transistors, 

diodes, and capacitors connected by the conductive pathway (Chia et al., 2018). The lead 

frame, typically a copper alloy, is used as the package’s skeleton, where different 

components are laid to form a complete package (Esa et al., 2017). Although ICs are 

becoming much more prevalent, they are still commonly packaged with lead frame 

components. 

Meanwhile, the die-attach bond is a process of affixing the silicon die to the lead frame 

by using adhesive, conductive adhesive, or solder. Most ICs are subjected to variations of 

temperature during operation. Thus it is essential to intensely dissipate the thermal energy 

(Mohamed et al., 2019). The solder is the most promising material to be used during the die-

attach process, especially for power devices or during the rapid mounting of inexpensive 


