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The desire to control germanium (Ge) thin film quality while keeping it cost 
effective has become one of the biggest challenges. This thesis proposes radio 
frequency (RF) magnetron sputtering as a technique to deposit Ge thin films 
(towards nanowires growth) on a glass substrate at room temperature. This 
research focuses on the structural and optical properties of Ge thin films by 
varying the pressure and RF power. The structural properties were 
characterized using atomic force microscopy (AFM), high surface profilometer, 
and x-ray diffraction (XRD). Meanwhile, the optical properties were investigated 
using ultraviolet-visible spectroscopy (UV-Vis) and Raman spectroscopy. 
 

Based on the study, at a high pressure of 15 mTorr, the thickness obtained was 
114.76 ± 2.89 nm for the as-deposited Ge thin film. This is due to the 
bombardment of the atom during the sputtering process caused the thickness 
to decrease as the pressure was increased. Meanwhile, at a higher RF power 
of 100 Watt, the thickness obtained was found to increase to 232.32 ± 5.67 nm. 
This was caused by the atoms that gained more kinetic energy to be 
bombarded onto the glass substrate when the RF power was increased.  
 

The AFM studies show that the lowest root-mean-square (rms) surface 
roughness obtained the in lowest pressure of 5 mTorr was 1.898 nm. On the 
other hand, at 50 Watt of RF power, the lowest rms surface roughness 
obtained was 10.283 nm. Moreover, based on the band gap energy analysis 
using UV-Vis, values obtained were in the range of 3.84 to 3.91 eV. Besides, 
the phase analysis using XRD also shows all the deposited Ge thin films 
obtained were in an amorphous phase. In addition, Raman analysis also shows 
second-order Ge phonon modes at the region of 535 to 610 cm-1 which tend to 
shift due to its amorphous behavior.   
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The heat treatment was applied at a different annealing temperature of 280 ˚C 
and 450 ˚C in order to recover and alter the microstructure of Ge thin film. The 
thickness was found to be increased from 40.53 ± 2.026 nm to 126.06 ± 6.378 
nm as the pressure was increased when the thin films were annealed at a 
temperature of 280 ˚C. Meanwhile, at annealing temperature of 450 ˚C, the 
thickness of thin films decreased from 148.76 ±7.4 nm to 69.83 ± 3.471 nm as 
the pressure was increased. In comparison, when the annealing process was 
applied, the thickness increased as the RF power was increased in both of the 
annealing temperatures of 280 ˚C and 450 ˚C from 102.07 ± 5.12 nm to 137.43 
± 5.471 nm and 76.46 ± 3.387 nm to 177.43 ± 6.832 nm, respectively.  
 

In this study, it is found that the most optimized Ge thin film was from annealed 
Ge thin film at temperature of 450 ˚C with a thickness of 148.76 ±7.4 nm and 
the rms surface roughness of 1.898 nm, which was deposited at a lower 
pressure and RF power of 5 mTorr and 25 Watt, respectively. This shows that 
the deposition parameters influence the surface morphology, phase, band gap 
energy, and phonon modes of Ge thin films. By controlling these parameters, 
Ge thin films surface morphology can be optimized, thus producing low rms 
surface roughness. The development of Ge thin films as the high-quality film 
might be useful in the future especially in the growth of nanowire for solar cell 
application.  
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Keinginan untuk mengawal kualiti saput nipis germanium (Ge) sambil 
mengekalkan kos yang efektif menjadi satu cabaran yang terbesar. Tesis ini 
mencadangkan kaedah frekuensi radio (RF) percikan magnetron sebagai 
teknik untuk menghasilkan saput nipis Ge yang berkualiti tinggi (ke arah 
aplikasi pertumbuhan nanowayar) pada substrat kaca pada suhu bilik. 
Penyelidikan ini memberi tumpuan kepada sifat struktur and sifat optikal saput 
nipis Ge dengan menvariasikan tekanan dan kuasa RF. Sifat struktur dikaji 
dengan menggunakan kaedah pencirian mikroskopi daya atom (AFM), 
profilometri permukaan tinggi, dan belauan sinar-x (XRD). Manakala, sifat 
optikal pula disiasat menggunakan spektroskopi ultra-lembayung (UV-Vis) dan 
spektroskopi Raman. 
 

Berdasarkan kajian, pada tekanan yang tinggi iaitu 15 mTorr, ketebalan yang 
diperolehi adalah 114.76 ± 2.89 nm bagi saput nipis Ge yang termendap. Ini 
akibat daripada tekanan yang tinggi, pembedilan atom semasa proses percikan 
menyebabkan ketebalan berkurang sejajar dengan tekanan yang meningkat. 
Sementara itu, pada kuasa RF yang tinggi iaitu 100 Watt, ketebalan yang 
diperolehi ialah 232.32 ± 5.67 nm. Atom memperoleh lebih tenaga kinetik untuk 
membedil pada substak kaca apabila kuasa RF bertambah.  
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Kajian AFM menunjukkan kekasaran permukaan punca-minimum-persegi 
(rms) yang paling rendah diperolehi pada tekanan 5 mTorr ialah 1.898 Selain 
itu, pada kuasa RF 50 Watt, kekasaran permukaan rms paling rendah ialah 
10.283 nm. Tambahan pula, berdasarkan kajian UV-Vis, jurang jalur tenaga 
yang diperolehi di antara 3.84 ke 3.91 eV. Selain itu, analisis fasa yang 
menggunakan XRD juga menunjukkan semua saput nipis Ge yang 
didepositkan adalah fasa amorfus. Sebagai tambahan, analisis Raman juga 
menunjukkan jelas puncak serakan pada rantau 535 – 610 cm-1 di mana 
mempunyai kecenderungan untuk beralih disebabkan oleh sifat amorfus 
bahan. 
 

Rawatan haba dikenakan pada suhu penyepuhlindapan yang berbeza iaitu 280 
˚C dan 450 ˚C untuk memulihkan dan mengubah struktur micro saput nipis Ge. 
Ketebalan didapati bertambah dari 40.53 ± 2.026 nm kepada 126.06 ± 6.378 
nm apabila tekanan bertambah untuk penyepuhlindapan pada suhu 280 ˚C. 
Sementara itu, ketebalan pada suhu penyepuhlindapan 450 ˚C, ketebalan 
saput tipis berkurang dari 148.76 ±7.4 nm kepada 69.83 ± 3.471 nm apabila 
tekanan bertambah. Sebagai perbandingan, apabila process 
penyepuhlindapan dilakukan, ketebalan bertambah apabila kuasa RF 
meningkat pada kedua-dua keadaan suhu penyepuhlindapan iaitu 280 ˚C dan 
450 ˚C dari 102.07 ± 5.12 nm kepada 137.43 ± 5.471 nm dan 76.46 ± 3.387 
nm kepada 177.43 ± 6.832 nm, masing-masing. 
 

Kajian ini mendapati saput nipis yang paling optimum adalah saput tipis yang 
telah dipenyepuhlindapan pada suhu 450 ˚C dengan memiliki ketebalan iaitu 
148.76 ±7.4 nm dan kekasaran permukaan rms iaitu 1.898 nm dimana ianya 
telah didepositkan pada tekanan dan kuasa RF yang paling rendah iaitu 
masing-masing pada 5 mTorr dan 25 Watt. Ini menunjukkan bahawa 
parameter pemendapan dapat mempengaruhi permukaan morfologi, fasa, 
jurang jalur, dan mod fonon dalam tipis Ge. Dengan mengawal parameter-
parameter ini, saput nipis Ge permukaan morfologi dapat dioptimumkan, 
sehingga menghasilkan saput nipis Ge yang berkualiti tinggi dengan kekasaran 
permukaan rms yang rendah. Perkembangan saput nipis Ge sebagai saput 
nipis yang berkualiti tinggi mungkin berguna pada masa akan datang 
terutamanya dalam pertumbuhan nanowayar untuk aplikasi sel solar. 
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CHAPTER 1 
 

 

INTRODUCTION 
 

1.1 Background 
 

The development of thin film technology starts around 1965 with the 
manufacturing of an integral part of the mass manufacturing process in the 
semiconductor and optical industry (Seshan, 2002). Many studies have been 
done due to high demand in the thin film technology which can be a 
fundamental basis of a product development. The demand has been evolved 
through many fields including; integrated circuits, optoelectronics (Colace et al., 
2010), aerospace, biomedicine, and photovoltaic applications (Tsao et al., 
2011a; Shahahmadi et al., 2016).  
 

Nowadays, the deposition of germanium (Ge) thin film becomes the centre of 
attention due to its attractive properties and behaviour. From an optical 
perspective, due to high refractive index and minimal optical dispersion, Ge thin 
film is useful for lenses and optical elements for infrared imaging (Cariou et al., 
2014). Owing to the small energies band gap and high carrier mobility, Ge can 
be used as a bottom layer multijunction solar cell application (Goh et al., 2010; 
Cariou et al., 2014). Further investigation of optical properties of Ge thin film 
reported by Liu et al. and Tsao et al., have found out that the energy band gap 
of Ge thin films can be varied by thermal treatment during the deposition 
process. Therefore, Ge thin film has become a reliable candidate for future 
electronic devices (Tsao et al., 2011b; Liu et al., 2015).  
 

For electronic devices, Ge thin film demanding a specific requirement. The 
most important parameter to obtain high-quality Ge thin film is the film 
thickness and surface morphology. Nguyen et al., and Zhang et al., have 
reported that the stress due to lattice mismatch between Si substrate and Ge 
thin film fabricated using RF magnetron sputtering exhibits low root-mean-
square (rms) surface roughness of 1.6 nm and thickness of 100 nm (Nguyen et 
al., 2013; Zhang et al., 2010).  
 

In this study, we aim to deposit low surface roughness and desired thickness of 
Ge thin film on a glass substrate by using RF magnetron sputtering utilizing ex-
situ annealing process. Parameters such as pressure and RF power were 
optimized in order to achieve the desired Ge thin film quality whereby 
nanowires can be grown for the solar cell application in the future. 
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1.2   Motivation and problem statement 
 

Ge thin film usually utilizes as a buffer layer or virtual substrate for the 
integration and fabrication of GaAs-based optical devices and III-V compound 
semiconductor metal-oxide-semiconductor-field-effect-transistor for (MOSFET) 
on Si due to its specific advantages (Choi et al., 2008). The main advantages 
of Ge thin film are their electrical and structural properties are close to Si (Shah 
et al., 2011a), provide a good epitaxial structure with near-perfect lattice match 
to GaAs (Choi et al., 2008), and low deformation of layer (Nguyen et al., 2013). 
However, further investigation is needed to study the implementation of Ge thin 
film since large thermal expansion coefficient (Choi et al., 2008), high threading 
dislocation density at the interface and high surface roughness limiting the 
performance of the solar cell. 
 

The thermal coefficient expansion is known as a measure of a fractional 
change in surface, per unit degree of changes in temperature. A thin film with a 
larger thermal expansion will give higher tensile strain (Shah et al., 2011a). 
Therefore, it is common to avoid depositing a thin film with a mismatch of 
thermal expansion, which caused the malfunction devices (Fang and Lo, 2000).  
 

The mismatches between the thin film and the substrate generally refer as the 
line imperfection in the lattice (Kittel, 2015). The imperfection of lattice structure 
can be caused by different bonding energy between atoms. A higher density of 
threading dislocation resulted from large lattice mismatch and high thermal 
expansion coefficient between thin film and substrates degrade the carrier 
mobility and increasing the current leakage path in the devices (Wong et al., 
2010). 
 

As the film growth, the problem from the dislocation might contribute to the 
surface roughness irregularity and unevenness on the plane of a thin film. The 
roughness of thin film on nanostructure such as solar cell will affect the 
structural properties (Suh et al., 2010). Therefore, low surface roughness will 
improve the strength and ductility of the thin film.  
 

RF magnetron sputtering was used to improve the strength and ductility of the 
thin film since it has high deposition rate, good reproducibility and a possibility 
of using commercially available large area sputtering system (Kurdesau et al., 
2006). Several studies reported that the RF magnetron sputtering can produce 
a lower surface roughness of Ge thin film compared to others typical method 
(Samavati et al., 2013; Choi et al., 2008). Moreover, low surface roughness 
may avoid the deposition of a thicker film. The thicker film caused clusters and 
coarsening effect which leads to the high surface roughness in film deposition.  
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Hence, the annealing process has been introduced to overcome this problem. 
The annealing process was reported can produce a smoothing effect and 
lowers the surface roughness of the thin film (Shah et al., 2011b). The 
annealing process is a common process used to recover structural quality in 
materials. In the highly damaged semiconductor materials caused by ion 
bombardment, annealing allows atoms to move back into their lattice sites, 
removing structural damage and recrystallize material from an amorphous 
structure to a crystalline or polycrystalline structure (Kang et al., 2009). 
 

Therefore, this study related to the deposition of the lower surface roughness of 
Ge thin film using RF magnetron sputtering technique. Parameters such as 
pressure and RF power were varied throughout the study. The annealing 
process was applied in order to investigate the effect of thermal treatment on 
the thin film. 
 

1.3   Research objectives 
 

The interest of this research is to study the properties of Ge thin films by RF 
magnetron sputtering technique. Thus, this research embarks the following 
objectives: 
 

i. To deposit Ge thin film using radio-frequency (RF) magnetron sputtering 
by varying the pressure and RF power.  

ii. To investigate the effect of annealing process of deposited Ge thin films. 
iii. To investigate the structural properties (thin film thickness, surface 

morphology, rms surface roughness, and crystal phase) of Ge thin film 
using a high surface profilometer, atomic force microscopy (AFM) and X-
ray diffraction (XRD) techniques. 

iv. To characterize the optical properties (energy band gap and phonon 
modes) of Ge thin film using ultra-violet visible (UV-Vis) and Raman 
spectroscopy techniques. 
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1.4   Thesis outline 
 

The thesis is divided into five chapters. Chapter 1 introduces the thesis 
background, problem statement and the objectives of this research. Chapter 2 
reviews the literature studies that have been done. Meanwhile, Chapter 3 
explains about the methodology used in this study. Chapter 4 discusses the 
effect of pressure and RF power to the surface morphology of the films. The 
effects of annealing process also being discussed in this chapter. Finally, 
Chapter 5 summarizes the results of the study and suggests directions for 
future work. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

77 
 
 

REFERENCES 
 

Aberg, I., Vescovi, G., Naseem, U., Gilboy, J. P., Sundvall, C., & Dahlgren, A. 
(2006). A GaAs nanowire array solar cell with 15.3% efficiency at 1 
sun. IEEE Journal of Photovoltaics,6(1) 

Alagov, A. S. (2007). Synthesizing germanium and silicon nanocrystals 
embedded in silicon dioxide by magnetron sputtering deposition technique. 
Middle East Technical University, 1-89. 

Anderson, G. M. (2002). Stable and metastable equilibrium: The third 
constraint. The Geochemical Society, Special Publication,7, 181-191. 

Belfedal, A., Bouizem, Y., Sib, J. D., & Chahed, L. (2012). Films thickness 
effect on structural and optoelectronic properties of hydrogenated 
amorphous germanium (a-Ge:H). Journal of Non-Crystalline 
Solids,358(11), 1404-1409.  

Bosi, M., & Attolini, G. (2010). Germanium: Epitaxy and its 
applications. Progress in Crystal Growth and Characterization of 
Materials,56(3-4), 146-174.  

Callister, W. D., & Rethwisch, D. G. (2013). Fundamentals of materials science 
and engineering. Singapore: John Wiley & Sons. 

Cariou, R., Ruggeri, R., Tan, X., Mannino, G., Nassar, J., & Cabarrocas, P. R. 
(2014). Structural properties of relaxed thin film germanium layers grown 
by low temperature RF-PECVD epitaxy on Si and Ge (100) 
substrates. AIP Advances,4(7), 077103.  

Chaoumead, A., Sung, Y. M., & Kwak, D. J. (2012). The Effects of RF 
Sputtering Power and Gas Pressure on Structural and Electrical 
Properties of ITiO Thin Film. Advances in Condensed Matter Physics, 1-7.  

Che, X. S., Liu, Z. T., Li, Y. P., Wang, N., & Xu, Z. (2013). Effects of methane 
flow rate on the optical properties and chemical bonding of germanium 
carbon films deposited by reactive sputtering. Vacuum,90, 75-79.  

Chen, C., Li, C., Huang, S., Zheng, Y., Lai, H., & Chen, S. (2012). Epitaxial 
Growth of Germanium on Silicon for Light Emitters. International Journal of 
Photoenergy, 1-8.  

Chinmulgund, M., Inturi, R., & Barnard, J. (1995). Effect of Ar gas pressure on 
growth, structure, and mechanical properties of sputtered Ti, Al, TiAl, and 
Ti3Al films. Thin Solid Films,270(1-2), 260-263.  

Choi, D., Ge, Y., Harris, J. S., Cagnon, J., & Stemmer, S. (2008). Low surface 
roughness and threading dislocation density Ge growth on Si 
(001). Journal of Crystal Growth,310(18), 4273-4279.  

Choi, W. K., Teh, L. K., Bera, L. K., Chim, W. K., Wee, A. T., & Jie, Y. X. (2002). 
Microstructural characterization of rf sputtered polycrystalline silicon 
germanium films. Journal of Applied Physics,91(1), 444.  

Chui, C. O., & Saraswat, K. C. (2007). Advanced Germanium MOS 
Devices. Germanium-Based Technologies,363-386.  

Colace, L., Sorianello, V., Assanto, G., Fulgoni, D., Nash, L., & Palmer, M. 
(2010). Germanium on Glass: A Novel Platform for Light-Sensing 
Devices. IEEE Photonics Journal,2(5), 686-695.  



© C
OPYRIG

HT U
PM

78 
 
 

Collins, W. R., Windschmann, H., Cavese, M. J., & Hernandez, G. J. (1986). 
Optical properties of dense thin-film Si and Ge prepared by ion-beam 
sputtering. Vacuum,36(10), 727.  

Das, K., Goswami, M. L., Dhar, A., Mathur, B. K., & Ray, S. K. (2007). Growth 
of Ge islands and nanocrystals using RF magnetron sputtering and their 
characterization. Nanotechnology,18(17), 175301.  

Desnica, U., Salamon, K., Buljan, M., Dubcek, P., Radic, N., Desnica-Frankovic, 
I., Ivanda, M., Bernstorff, S. (2008). Formation of Ge-nanocrystals in SiO2 
matrix by magnetron sputtering and post-deposition thermal 
treatment. Superlattices and Microstructures,44(4-5), 323-330.  

Dimroth, F., & Kurtz, S. (2007). High-efficiency multijuntion solar cells. Mrs 
Bulletin,32(3), 230-235. 

Duygulu, N. E., Kodolbas, A., & Ekerim, A. (2014). Effects of argon pressure 
and r.f. power on magnetron sputtered aluminum doped ZnO thin 
films. Journal of Crystal Growth,394, 116-125.  

Fang, W., & Lo, C. Y. (2000). On the thermal expansion coefficients of thin 
films. Sensors and Actuators A: Physical,84(3), 310-314.  

Fang, W., & Lo, C. Y. (2000). On the thermal expension coefficients of thin 
film. Sensors and Actuators A: Physical,84(3), 310-314.  

Gatzen, H. H., Saile, V., & Leuthold, J. (2016). Micro and Nano Fabrication 
Tools and Processes. Berlin: Springer Berlin. 

Giner, T. C. (1995). Second order resonant Raman scattering. Brazilian Journal 
of Physics,26(1), 182-187. 

Goh, E. S., Chen, T. P., Sun, C. Q., & Liu, Y. C. (2010). Thickness effect on the 
band gap and optical properties of germanium thin films. Journal of 
Applied Physics,107(2), 024305. 

Graham, J. D. (2014). Kinetics of solid phase crystallization of a-Ge thin 
films. Macalester Journal of Physics and Astronomy,2(1), 1-6. 

Grobelny, J., Delrio, F. W., Pradeep, N., Kim, D. I., Hackley, V. A., & Cook, R. 
F. (2010). Size Measurement of Nanoparticles Using Atomic Force 
Microscopy. Methods in Molecular Biology Characterization of 
Nanoparticles Intended for Drug Delivery,71-82.  

Grovenor, C., Hentzell, H., & Smith, D. (1984). The development of grain 
structure during growth of metallic films. Acta Metallurgica,32(5), 773-781.  

Hughes, M. (2016). What is RF Sputtering? - Semicore. Retrieved July 30, 
2017, from http://www.semicore.com/news/92-what-is-rf-sputtering. 

Hutagalung, S. D., Yaacob, K. A., & Tan, R. Y. (2007). Morphology of Silicon 
Nanowires Grown on Si(100) Substrate. 2007 2nd IEEE International 
Conference on Nano/Micro Engineered and Molecular Systems.  

Ichida, D., Uchida, G., Seo, H., Kamataki, K., Itagaki, N., Koga, K., & Shiratani, 
M. (2014). Deposition of crystalline Ge nanoparticle films by high-pressure 
RF magnetron sputtering method. Journal of Physics: Conference 
Series,518, 012002.  

Jacobson, M. Z. (2007). Fundamentals of atmospheric modeling. Cambridge: 
Cambridge University Press.  

John, S., Soukoulis, C., Cohen, M. H., & Economou, E. N. (1986). Theory of 
Electron Band Tails and the Urbach Optical-Absorption Edge. Physical 
Review Letters,57(22), 2877-2877.  



© C
OPYRIG

HT U
PM

79 
 
 

Kang, J. H., Gao, Q., Joyce, H. J., Tan, H. H., Jagadish, C., Kim, Y., Choi, D. 
Y., Guo, Y., Xu, H., Zou, I., Fickenscher, M. A., Smith, L. M., Jackson, H. 
E., & Yarrison-Rice, J. M. (2009). Novel growth and properties of GaAs 
nanowires on Si substrates. Nanotechnology,21(3), 035604.  

Kelly, P. J., & Arnell, R. D. (2000). Magnetron sputtering: A review of recent 
developments and applications. Vacuum,56(3), 159-172.  

Khulbe, K. C., Feng, C. Y., & Matsuura, T. (2008). Synthetic polymeric 
membranes characterization by atomic force microscopy. Berlin: Springer. 

Kittel, C., & McEuen, P. (2015). Introduction to solid state physics. New Delhi: 
John Wiley & Sons. 

Koba, R., & Wickersham, C. E. (1982). Temperature and thickness effects on 
the explosive crystallization of amorphous germanium films. Applied 
Physics Letters,40(8), 672-675.  

Kurdesau, F., Khripunov, G., Cunha, A. D., Kaelin, M., & Tiwari, A. (2006). 
Comparative study of ITO layers deposited by DC and RF magnetron 
sputtering at room temperature. Journal of Non-Crystalline Solids,352(9-
20), 1466-1470.  

Langdo, T. A., Leitz, C. W., Currie, M. T., Fitzgerald, E. A., Lochtefeld, A., & 
Antoniadis, D. A. (2000). High quality Ge on Si by epitaxial 
necking. Applied Physics Letters,76(25), 3700-3702.  

Lei, G., Shuo, Z., Jing, W., Zhihong, L., & Jun, X. (2009). Fabrication of 
strained Ge film using a thin SiGe virtual substrate. Journal of 
Semiconductors,30(9), 093005.  

Li, L. M., Mani, A. M., Shain, F. L., Alias, A., & Salleh, S. (2015). Effect Of 
Sputtering Pressure On The Structural And Optical Properties Of Zno 
Films Deposited On Flexible Substrate. Jurnal Teknologi,75(7).  

Lin, L., Xiong, K., & Robertson, J. (2010). Atomic structure, electronic structure, 
and band offsets at Ge:GeO:GeO2 interfaces. Applied Physics 
Letters,97(24), 242902.  

Linz, S. J., Raible, M., & Hanggi, P. (2001). Amorphous thin film growth: 
Modeling and pattern formation. Advances in Solid State Physics,41, 391-
403. 

Liu, L. Z., Wu, X. L., Gao, F., Yang, Y. M., Li, T. H., & Chu, P. K. (2010). Size-
independent low-frequency Raman scattering in Ge-nanocrystal-
embedded SiO_2 films. Optics Letters,35(7), 1022.  

Liu, Y. Y., Yang, S. Y., Wei, G. X., Song, H. S., Cheng, C. F., Xue, C. S., & 
Yuan, Y. Z. (2011a). Electrical and optical properties dependence on 
evolution of roughness and thickness of Ga:ZnO films on rough quartz 
substrates. Surface and Coatings Technology,205(11), 3530-3534.  

Liu, Z., Hao, X., Ho, A. B., Tsao, C. Y., & Green, M. A. (2015). Cyclic thermal 
annealing on Ge/Si(100) epitaxial films grown by magnetron 
sputtering. Thin Solid Films,574, 99-102.  

Liu, Z., Tsao, C. Y., Hao, X., & Green, M. A. (2011b). Influence of hydrogen on 
properties of germanium-rich poly-SiGe films deposited by RF magnetron 
sputtering. 8. 

Lucazeau, G. (2003). Effect of pressure and temperature on Raman spectra of 
solids: Anharmonicity. Journal of Raman Spectroscopy, 34(7-8), 478-496.  



© C
OPYRIG

HT U
PM

80 
 
 

Maniscalco, B., Kaminski, P., & Walls, J. (2014). Thin film thickness 
measurements using Scanning White Light Interferometry. Thin Solid 
Films,550, 10-16.  

Mariotto, G., Vinegoni, C., Jacobsohn, L. G., & Freire, F. L. (1999). Raman 
spectroscopy and scanning electron microscopy investigation of annealed 
amorphous carbon–germanium films deposited by d.c. magnetron 
sputtering. Diamond and Related Materials,8(2-5), 668-672.  

Moreno, M., Torres, A., Ambrosio, R., Rosales, P., Heredia, A., Kosarev, A., 
Torres, E., Zuniga, C.,  Reyes Bentonza, C., & Domínguez, M. (2012). 
Deposition and characterization of polymorphous germanium films 
prepared by low frequency PECVD. Journal of Non-Crystalline 
Solids,358(17), 2099-2102.  

Nam, D., Sukhdeo, D., Roy, A., Balram, K., Cheng, S. L., Huang, K. C., &  
Saraswat, K. (2011). Strained germanium thin film membrane on silicon 
substrate for optoelectronics. Optics Express,19(27), 25866.  

Nguyen, V. H., Dobbie, A., Myronov, M., & Leadley, D. R. (2013). High quality 
relaxed germanium layers grown on (110) and (111) silicon substrates 
with reduced stacking fault formation. Journal of Applied Physics,114(15), 
154306.  

Ohring, M. (2002). Materials science of thin films: Deposition and structure. 
San Diego: Academic Press. 

Park, J. H., Shin, J. M., Cha, S. Y., Park, J. W., Jeong, S. Y., Park, H. K., & 
Cho, C. R. (2006). Deposition-temperature effects on AZO thin films 
prepared by RF magnetron sputtering and their physical 
properties. Journal of the Korean Physics Society,49, 584-588. 

Pelleymounter, D. (2008). The Art of Choosing the Right Power Supply. 
Advanced Energy Industries, United State of America. 

Pierret, R. F. (2008). Semiconductor device fundamentals. New Delhi (Indai): 
Pearson/Education. 

Priestland, C., & Hersee, S. (1972). The effects of pressure on the deposition 
rate in rf sputtering processes. Vacuum,22(3), 103-106 

Rahim, A. A., Hashim, M., Ali, N., Rusop, M., Ooi, M. J., & Yusoff, M. (2013). 
Self-Assembled Ge Islands and Nanocrystals by RF Magnetron Sputtering 
and Rapid Thermal Processing: The Role of Annealing 
Temperature. Applied Surface Science,275, 193-200.  

Rahim, A. A., Hashim, M., Rusop, M., & Jumidali, M. (2012). Structural and 
Optical Characterizations of Ge Nanostructures Fabricated by RF 
Magnetron Sputtering and Rapid Thermal Processing. Acta Physica 
Polonica A,121(1), 16-19.  

Ravindra, A. V., Padhan, P., & Prellier, W. (2012). Electronic structure and 
optical band gap of CoFe2O4 thin films. Applied Physics Letters,101(16), 
161902.  

Renner, O. (1972). The influence of annealing on the density of amorphous 
germanium films. Thin Solid Films-Elsevier Sequoia,12, 43-45. 

Saad, M., & Kassis, A. (2012). Effect of rf power on the properties of rf 
magnetron sputtered ZnO:Al thin films. Materials Chemistry and 
Physics,136(1), 205-209.  

Samavati, A., Othaman, Z., Ghoshal, S. K., & Amjad, R. J. (2013). Germanium 
nanoislands grown by radio frequency magnetron sputtering: Annealing 



© C
OPYRIG

HT U
PM

81 
 
 

time dependent surface morphology and photoluminescence. Chinese 
Physics B,22(9), 098102.  

Samavati, A., Othaman, Z., Ghoshal, S. K., Dousti, M. R., & Kadir, M. R. (2012). 
Substrate Temperature Dependent Surface Morphology and 
Photoluminescence of Germanium Quantum Dots Grown by Radio 
Frequency Magnetron Sputtering. International Journal of Molecular 
Sciences,13(12), 12880-12889.  

Satow, T. (1973). Structure change of amorphous germanium in the annealing 
process. Physica Status Solidi (a),18(2).  

Seshan, K. (2002). Handbook of Thin Film Deposition Processes and 
Technologies(2nd edition). Norwich, New York: William Andrew Publishing.   

Shah, V., Dobbie, A., Myronov, M., & Leadley, D. (2011a). Effect of layer 
thickness on structural quality of Ge epilayers grown directly on 
Si(001). Thin Solid Films,519(22), 7911-7917.  

Shah, V., Dobbie, A., Myronov, M., & Leadley, D. (2011b). High quality relaxed 
Ge layers grown directly on a Si(001) substrate. Solid-State 
Electronics,62(1), 189-194.  

Shahahmadi, S., Zulkefle, A. A., Hasan, A., Rana, S., Bais, B., Akhtaruzzaman, 
M., Alamound, A. R. M., & Amin, N. (2016). Ge-rich SiGe thin film 
deposition by co-sputtering in in-situ and ex-situ solid phase crystallization 
for photovoltaic applications. Materials Science in Semiconductor 
Processing,56, 160-165.  

Soukup, R. J., Iano, N. J., Pribil, G., & Hubicka, Z. (2003). Deposition of high 
quality amorphous silicon, germanium and silicon-germanium thin films by 
a hollow cathode reactive sputtering system. Surface and Coatings 
Technology.  

Suh, C. H., Jung, Y. C., & Kim, Y. S. (2010). Effects of thickness and surface 
roughness on mechanical properties of aluminum sheets. Journal of 
Mechanical Science and Technology,24(10), 2091-2098.  

Sultana, S. (2010). RF Magnetron Sputtering System: Anelva Sputtering Unit 
Model SPF-332H. Banglore, India: India Institute of Science. 

Surmenev, R. A. (2012). A review of plasma-assisted methods for calcium 
phosphate-based coatings fabrication. Surface and Coatings 
Technology,206(8-9), 2035-2056.  

Swann, S. (1988). Film thickness distribution in magnetron 
sputtering. Vacuum,38(8-10), 791-794.  

Tanabe, K. (2009). A Review of Ultrahigh Efficiency III-V Semiconductor 
Compound Solar Cells: Multijunction Tandem, Lower Dimensional, 
Photonic Up/Down Conversion and Plasmonic Nanometallic 
Structures. Energies,2(3), 504-530.  

Tang, S., Kravchenko, I., Yi, J., Cao, G., Howe, J., Mandrus, D., & Gai, Z. 
(2014). Growth of skyrmionic MnSi nanowires on Si: Critical importance of 
the SiO2 layer. Nano Research,7(12), 1788-1796.  

Tsao, C. Y., Campbell, P., Song, D., & Green, M. A. (2010a). Influence of 
hydrogen on structural and optical properties of low temperature 
polycrystalline Ge films deposited by RF magnetron sputtering. Journal of 
Crystal Growth,312(19), 2647-2655.  

Tsao, C. Y., Huang, J., Hao, X., Campbell, P., & Green, M. A. (2011a). 
Formation of heavily boron-doped hydrogenated polycrystalline 



© C
OPYRIG

HT U
PM

82 
 
 

germanium thin films by co-sputtering for developing p emitters of bottom 
cells. Solar Energy Materials and Solar Cells,95(3), 981-985.  

Tsao, C. Y., Liu, Z., Hao, X., & Green, M. A. (2011b). In situ growth of Ge-rich 
poly-SiGe:H thin films on glass by RF magnetron sputtering for 
photovoltaic applications. Applied Surface Science,257(9), 4354-4359.  

Tsao, C. Y., Weber, J. W., Campbell, P., Conibeer, G., Song, D., & Green, M. 
A. (2010b). In situ low temperature growth of poly-crystalline germanium 
thin film on glass by RF magnetron sputtering. Solar Energy Materials and 
Solar Cells,94(9), 1501-1505.  

Tsao, C. Y., Weber, J. W., Campbell, P., Widenborg, P. I., Song, D., & Green, 
M. A. (2009). Low-temperature growth of polycrystalline Ge thin film on 
glass by in situ deposition and ex situ solid-phase crystallization for 
photovoltaic applications. Applied Surface Science,255(15), 7028-7035.  

Tsay, C. Y., Fan, K. S., Wang, Y. W., Chang, C. J., Tseng, Y. K., & Lin, C. K. 
(2010). Transparent semiconductor zinc oxide thin films deposited on 
glass substrates by sol–gel process. Ceramics International,36(6), 1791-
1795.  

Tu, K. N. (1991). Metastable phase formation in thin film reactions. Materials 
Science and Engineering: A,134, 1244-1247.  

Valladares, L. D., Dominguez, A. B., Llandro, J., Holmes, S., Quispe, O. A., 
Langford, R., Anguiar, J.A., &  Barnes, C. (2014). Surface morphology of 
amorphous germanium thin films following thermal outgassing of SiO 2 /Si 
substrates. Applied Surface Science,316, 15-21.  

Varley, R. L. (2010). The Kinetics Theory of Gasses. New York, New York: 
Hunter College City University. 

Vijaya, G., Singh, M. M., Krupashankara, M. S., & Kulkarni, R. (2016). Effect of 
Argon Gas Flow Rate on the Optical and Mechanical Properties of 
Sputtered Tungsten Thin Film Coatings. IOP Conference Series: Materials 
Science and Engineering,149, 012075.  

Vossen, J. L. (1984). Book Review: Sputtering by particle bombardment II—
Sputtering of alloys and compounds, electron and neutron sputtering, 
surface topography. Journal of Vacuum Science & Technology A: Vacuum, 
Surfaces, and Films,2(3), 1399-1399.  

Wang, G. H., Shi, C. Y., Zhao, L., Diao, H. W., & Wang, W. J. (2016). 
Fabrication of amorphous silicon–germanium thin film solar cell toward 
broadening long wavelength response. Journal of Alloys and 
Compounds,658, 543-547.  

Wang, X. D., Wang, H. F., Chen, B., Li, Y. P., & Ma, Y. Y. (2013). A model for 
thickness effect on the band gap of amorphous germanium film. Applied 
Physics Letters,102(20), 202102.  

Weinstein, B. A., & Cardona, M. (1973). Second-Order Raman Spectrum of 
Germanium. Physical Review B,7(6), 2545-2551.  

Weinstein, B. A., & Piermarini, G. J. (1974). First and second order Raman 
scattering in GaP to 128 kbar. Physics Letters A,48(1), 14-16.  

Wong, Y. Y., Chang, E. Y., Yang, T. H., Chang, J. R., Ku, J. T., Hudait, M. 
K., . . . Lin, K. L. (2010). The Roles of Threading Dislocations on Electrical 
Properties of AlGaN/GaN Heterostructure Grown by MBE. Journal of The 
Electrochemical Society,157(7).  



© C
OPYRIG

HT U
PM

83 
 
 

Xiao, H. (2012). Introduction to semiconductor manufacturing technology. 
Bellingham, Washington: SPIE. 

Xie, H., Mead, J., Wang, S., & Huang, H. (2017). The effect of surface texture 
on the kinetic friction of a nanowire on a substrate. Scientific Reports,7(1).  

Yamamoto, Y., Zaumseil, P., Arguirov, T., Kittler, M., & Tillack, B. (2011). Low 
threading dislocation density Ge deposited on Si (100) using 
RPCVD. Solid-State Electronics,60(1), 2-6.  

Zardo, I., Abstreiter, G., & Morral, A. F. (2010). Raman Spectroscopy on 
Semiconductor Nanowires. Nanowires.  

Zhang, C., Ye, H., Zhang, L., Huangfu, Y., Liu, X., & Yu, J. (2010). Epitaxial 
growth of low dislocation Ge thin films on Si (001) substrates using a Si-
Ge intermediate layer. Chinese Optics Letters,8(S1), 91-93.  

Zhang, B., Truong, W., Shrestha, S., Green, M. A., & Conibeer, G. (2012). 
Structural, mechanical and optical properties of Ge nanocrystals 
embedded in superlattices fabricated by in situ low temperature 
annealing. Physica E: Low-dimensional Systems and Nanostructures,45, 
207-213.  

Zhang, B., Yao, Y., Patterson, R., Shrestha, S., Green, M. A., & Conibeer, G. 
(2011). Electrical properties of conductive Ge nanocrystal thin films 
fabricated by low temperature in situ growth. Nanotechnology,22(12), 
125204.  

Chang, K., Baben, M. T., Music, D., Lange, D., Bolvardi, H., & Schneider, J. M. 
(2015). Estimation of the activation energy for surface diffusion during 
metastable phase formation. Acta Materialia, 98, 135-140.  



© C
OPYRIG

HT U
PM

84 
 

BIODATA OF STUDENT 
 

Miss Nurul Assikin Binti Ariffin was born in Tapah, Perak on 8th August 1989, 
and stayed in Puchong for more than 25 years. She received her primary 
education at Sekolah Kebangsaan (SK) Puchong Batu 14, Puchong and 
Sekolah Kebangsaan Puchong Perdana (SKPP), Puchong, Selangor. She 
furthered her secondary education at Sekolah Menengah Kebangsaan 
Puchong Perdana (SMKPP), Puchong, Selangor. She then completed her 
tertiary education with the matriculation programme and received a 
matriculation certificate from Kolej Matrikulasi Melaka in 2008. She is then 
pursued her first degree in Bachelor of Science (Hons.) Majoring in Physics in 
Universiti Putra Malaysia, Serdang, Selangor. 
 

During her first degree study, she was awarded two awards “Hadiah Projek 
Ilmiah Terbaik Peringkat Jabatan Fizik 2012/2013” and “Hadiah Projek Ilmiah 
Terbaik Fakulti Sains 2012/2013”. Her interest in research grew in her final 
year as an undergraduate, where she was introduced with the research project 
entitled “Microwave Extraction of Fennel and Cumin Seeds Essential Oils 
Using Microwave Extraction Technique (MET) and Conventional Extraction 
Technique (CET)”. Her interest in research will keep on until she achieved her 
dreams to pursued Ph.D in the future. 



© C
OPYRIG

HT U
PM

85 
 

LIST OF PUBLICATIONS 
 

Ariffin, N. A., Mustaffa, S. A., Paiman, S., Tamchek, N., & Shaari, A. H. (2016). 
Effect of Post-Annealing Treatment on The Structural Properties of RF-
Sputtered Germanium Thin Films. Journal Solid State Science & 
Technology Letters,17(2), 191-194. 

 

Mustaffa, S. A., Ariffin, N. A., Paiman, S., Tamchek, N., & Shaari, A. H., (2017). 
Post-annealing Effects on the Structural Properties of RF-sputtered ZnO 
Thin Films. Solid State Science and Technology,25(1). 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 

ACADEMIC SESSION : ________________ 
 
 

TITLE OF THESIS / PROJECT REPORT : 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________    

NAME OF STUDENT :   __________________________________________________ 

I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at 
the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia. 

2. The library of Universiti Putra Malaysia has the right to make copies for educational purposes 
only. 

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic   
exchange.  

 
I declare that this thesis is classified as : 

*Please tick (√ ) 
 
                 CONFIDENTIAL   (Contain confidential information under Official Secret   
                                                      Act 1972). 
 
                 RESTRICTED   (Contains restricted information as specified by the       
                                                       organization/institution where research was done).   
 
                 OPEN ACCESS  I agree that my thesis/project report to be published    
                                                           as hard copy or online open access.  
 
This thesis is submitted for : 

                     PATENT   Embargo from_____________ until ______________ 
               (date)         (date) 
 

Approved by: 
 
 
_____________________   ________________________ 
(Signature of Student)    (Signature of Chairman of Supervisory Committee) 
New IC No/ Passport No.:   Name: 
 
Date :      Date :  
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the 
organization/institution with period and reasons for confidentially or restricted. ] 


	CHAPTER 2
	LAST CHAP



