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ABSTRACT 

 

 

Aluminum and copper (Al-Cu) bilayer thin films are commonly used as 

conductors in electronic applications. Unfortunately, the effect of thermal aging on 

the interfaces of Al-Cu bilayer thin films have led to the formation of intermetallic 

compounds (IMCs) which eventually degrades the materials. The study of diffusion-

reaction in Al-Cu thin film is very challenging compared to the bulk Al-Cu system. 

From previous related works, the compilation of data regarding the diffusion kinetics 

in thin film has led to discrepancies due to the complex relationship between the 

selected experimental parameters and the formation of the IMCs. Therefore, further 

study is necessary to fully understand the growth kinetics of IMCs particularly for 

the Al-Cu system. The present work is an attempt to contribute in the understanding 

of the phase formation by varying the diffusion parameters. Syntheses of the Al-Cu 

bilayer thin films (800 nm of total thickness) were physically achieved by magnetron 

sputtering. The bilayer was then aged at temperatures from 100 oC, 150 oC and 200 

oC within the duration of one to six hours. The formation of IMCs of different 

chemical composition and crystallographic structures were characterized by using 

High Resolution Transmission Electron Microscope (HRTEM), X-ray diffractometer 

(XRD) and Energy Dispersive X-ray Spectrometer (EDX). Field Emission Scanning 

Electron Microscope (FESEM) was utilized to study the morphology and the 

integrity of the bilayer after subjected to aging. Each layer shows both columnar and 

non-columnar structures which eventually affects the film integrity. The combination 

of analytical TEM and X-ray diffraction techniques has revealed the formation of 

several equilibrium phases which could be identified as tetragonal θ-Al2Cu (I4mcm), 

monoclinic η-AlCu (I2/m), orthorhombic ζ-Al3Cu4 (fmm2) and cubic crystal 

structure Al4Cu9 (P-43m). Finally, electrical resistivity test on the bilayer indicates 

increase in resistivity due to the formation of IMC. 
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ABSTRAK 

 

 

Filem nipis dwilapisan aluminum-kuprum (Al-Cu) biasanya digunakan 

sebagai konduktor dalam aplikasi elektronik. Malangnya, kesan penuaan terma pada 

bahagian antara muka filem nipis dwilapisan Al-Cu telah membawa kepada 

pembentukan sebatian antara logam (IMCs) yang akhirnya menurunkan fungsi bahan 

itu. Kajian tindak balas resapan bagi filem nipis Al-Cu lebih mencabar jika 

dibandingkan dengan Al-Cu pukal. Daripada penyelidikan sebelumnya, 

pengumpulan data mengenai kinetik resapan pada filem nipis telah membawa kepada 

percanggahan kerana hubungan komplek di antara parameter eksperimen terpilih 

dengan pembentukan IMCs. Oleh itu, kajian selanjutnya adalah perlu untuk 

memahami sepenuhnya kinetik pertumbuhan IMCs terutamanya untuk sistem Al-Cu. 

Kajian ini adalah suatu usaha untuk menyumbang kepada pemahaman pembentukan 

fasa IMCs dengan mengubah beberapa parameter resapan. Sintesis ke atas 

dwilapisan Al-Cu (berketebalan akhir 800 nm) telah diperolehi secara fizikal dengan 

kaedah percikan magnetron. Dwilapisan ini kemudiannya melalui proses penuaan 

pada suhu 100 oC, 150 oC dan 200 oC dalam tempoh antara satu hingga enam jam. 

Pembentukan IMCs dari komposisi kimia dan struktur kristalografi yang berbeza 

telah dianalisis mengggunakan Mikroskop Elektron Transmisi Resolusi Tinggi 

(HRTEM), Pembelauan Sinar-X (XRD) dan Serakkan Tenaga Sinar-X (EDX). 

Mikroskop Imbasan Elektron (FESEM) telah digunakan untuk mengkaji morfologi 

dan integriti dwilapisan selepas penuaan. Setiap lapisan menunjukkan struktur turus 

dan bukan turus yang memberi kesan kepada integriti lapisan. Gabungan analisis 

TEM dan XRD telah mendedahkan pembentukan beberapa fasa seimbang yang 

boleh dikenal pasti sebagai tetragonal θ-Al2Cu (I4mcm), monoklinik η-AlCu (I2/m), 

orthorhombic ζ-Al3Cu4 (fmm2) dan struktur kristal kubik Al4Cu9 (P-43m). Akhir 

sekali, ujian kerintangan elektrik pada dwilapisan menunjukkan peningkatan 

kerintangan kerana pembentukan IMC. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1       Research background 

Since 1970’s, the focus of attention on advanced materials and new 

technologies has been shifted from bulk solid materials towards nano-structured 

materials like thin films and many research papers related to thin films has been 

published by researchers from various engineering disciplines. Their research which 

includes the methods of thin film synthesis, thin film materials system, properties 

studies and characterization methods has led to the development of impressive 

technology applications and advanced materials that provide alternative solutions to 

overcome some deficiency issues in bulk materials. 

Al-Cu multilayer thin films are common materials systems which have been 

studied by several researchers and become an important materials system in 

microelectronics industries [1-15]. This metal system is used as metallization lines in 

integrated circuits because of their high conductivity and low material cost if 

compared to gold (Au). In the recent trend of interconnect design, thin metallization 

lines have shifted into multilevel metallization (MLM) which allows to the 

miniaturization of electronic devices.  

Silicon and Alumina are the most common semiconductors material used for 

thin film substrate because they offer good lattice structure for epitaxial growth of 

most metal films. Besides physical evaporation, molecular beam epitaxy (MBE) and 
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pulse laser deposition technique (PLD), physical sputtering is seen as an effective 

choice for thin film deposition based on cost and ease of processing, but the quality 

of the sputtered films is quite uncertain. The thickness of thin films produced by this 

method can vary from a few nanometers up to micrometer scale in few minutes to a 

few hours of deposition [16].  

However, problem arises when the bimetallic thin films were exposed to heat 

as it will trigger diffusion between these dissimilar metals.  In microelectronic 

devices, the formation of intermetallics phases within the Al-Cu lines has also meant 

the degradation of the devices and will eventually lead to device failure. Concern on 

this issue, had led to effort made by several researchers to the study of diffusion in 

the Al-Cu binary system [1-15].  

The researchers on the binary system have led to discrepancies of results 

especially on the growth of intermetallics phases. Similar discrepancies were seen on 

the nucleation kinetics of phases (i.e. diffusion rate and activation energy) and also 

the formation sequence of the alloying phases.  This is due to the complexity of 

diffusion in thin films which is profoundly differs from diffusion in bulk. 

Understanding the growth of phase equilibria in bimetallic thin films is crucial for the 

material design purpose, but it requires a lot of fundamental studies with various 

experimental parameters.  

The present study is undertaken to contribute to the current understanding of 

diffusion in Al-Cu thin film system which focus on the bilayers with equal thickness 

of the individual layers prepared by sputtering deposition. The properties of sputtered 

thin films and the relations with their substrate are studied using different 

characterization techniques while the study of diffusion of these bilayers will be 

focused on low temperature diffusion which is below 300 oC.  
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1.2       Problem statement 

The discrepancies of data in terms of growth behavior and kinetics are due to 

the finite volume and also because of the complexity of nanostructure (e.g. structural 

defects) of the thin films which completely differs from bulk. Previously, different 

study conditions and analytical methods have been used to understand the behavior. 

However from our observation, the two most influential parameters are the bilayer 

thickness ratio and also the range of the aging temperatures. Collective experimental 

parameters from previous related studies [2-3, 5-7, 12] are illustrated in Figure 1.0. 

As in this present work, the selected temperatures range is focus on lower 

temperature which is in between of 100 to 200oC while the total thickness of the 

bilayers is around 800 to 900 nanometers thick. 

 

Figure 1.0: Experimental conditions for Al-Cu thin films diffusion study from past 

authors [2, 3, 5-7, 12]. 
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1.3      Objectives of the research 

This research embarks on the following objectives: 

1) To establish optimum deposition parameters of thin Al and Cu layers 

deposition on Si substrate using radio frequency magnetron sputtering 

deposition. 

2) To characterize the properties of bilayers through different thin film 

characterization techniques including high resolution TEM as a result 

of different annealing condition. 

3) To establish diffusion reaction between the bilayers to promote 

intermetallics growth through the heat treatment process at different 

temperatures and time and its effects on structural and electrical 

properties of the bilayers thin films. 

 

 

 
 

1.4       Research scope 

Annealing temperatures, annealing time, initial layer thickness ratio and the 

crystal structure of the thin films are important parameters which directly influenced 

the diffusion kinetics and the growth of intermetallics. These parameters were varied 

by several authors of previous studies [1-15] in order to study and understand the 

diffusion in thin films. However, this research is concentrated on the polycrystalline 

Al-Cu thin films where the diffusion mechanism for this particular crystal structure is 

different from single crystal thin films.  

Different from bulk, the geometries of the thin films couple must be 

considered because of the finite volume for the diffusion process. The formation 

sequence and the stable end phase of intermetallics in thin films couple is influenced 

by the layer thickness ratio of the bilayers system. In this research, diffusion of the 

bilayers with 1:1 thickness ratio is studied.  

Diffusion in thin films might occur at relatively low temperatures because of 

the poor thermal stability in thin films. In this research, the heat treatment of these 
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bilayers was focused on low temperature diffusion within the temperatures range of 

100 oC, 150 oC and 200 oC. This temperature range is also simulates the working 

temperature condition for most electronic devices. Based on the fact that diffusion in 

thin films is much faster than diffusion in bulk, the annealing time for the bilayers is 

limited only for a few hours, which is from 1 - 6 hours of the isothermal heat 

treatment process.    

 

 

1.5       Research outline 

The literature review of this thesis starts with the fundamental knowledge of 

thin film deposition which focused on the properties of thin films deposited using 

physical sputtering method. Then, the next sub-chapter in the literature review is 

concentrated on fundamental knowledge of phase equilibria in binary Al-Cu thin film 

system. Within this sub-chapter, findings from previous works regarding 

interdiffusion and intermetallics formation in binary Al-Cu thin films have been 

discussed. The last sub-chapter in the literature review section has discussed in depth 

about thin film characterization techniques which have been utilized in this study. 

The techniques include: the microscopy analysis using FE-SEM and TEM, chemical 

analysis performed by grazing incident XRD and EDX and lastly the crystal structure 

analysis of thin film by using electron diffraction pattern and fast Fourier 

transformation method. Next, in the methodology section, all works in this research 

which start with the fabrication of the thin films until the characterizations of the thin 

films are discussed thoroughly. All data from these characterization techniques have 

been discussed in the section of “Result and Discussion”.  The growth of 

intermetallics in the bilayers thin films covers most of the chapter where the chemical 

properties, crystallographic structure, the kinetics of growth and the effects on the 

resistivity of the intermetallics phases are discussed in detail. Finally, along with the 

conclusions, the final chapter describes recommendations for future study on this 

subject which stressed more on experimental parameters and characterization 

techniques.  
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