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Abstract: This paper studies the properties of thermally evaporated 1 μm of aluminium (Al) thin films on polyimide (PI) and 

polyethylene terephthalate (PET) substrates at room temperature with thermal evaporation in a vacuum of about 3 x 10
-5
 Torr for use 

as window materials for solar cells. Effects of substrate types on the structural and electrical characteristics of the films were studied.  

Sets of experiments were conducted to optimize the deposition of Al films with appropriate deposition parameters. The deposited 

films were analyzed with atomic force microscopy (AFM), energy dispersive X-ray (EDX), X-ray diffraction (XRD). Energy 

dispersive X-ray (EDX) spectra shows presence of Al contacts on both PI and PET substrates. X-ray diffraction (XRD) results 

illustrate proper formation of Al (111) plane at 38.4
o
 with full width at half maximum (FWHM) of 0.1968° on both samples. Atomic 

force microscope (AFM) images reveal that both samples possess smooth surfaces with surface roughness root mean square (RMS) 

below 10 nm.     

Keywords: polyimide; polyethylene terephthalate; polymers; thin film; thermal evaporation; solar-cells. 

 
 
 

1.Introduction 

 
Aluminium (Al) is the most abundant metal in the earth’s 

crust and is the third most abundant element after oxygen 

(O2) and silicon (Si). It is silvery white in colour, shows 

high electrical and thermal conductivity and has a melting 

point of 660
o
C. Al has been widely used for various 

applications. Al films evaporated on substrates are the most 

commonly used surface coatings for aspheric mirrors since 

Al is a good light reflector in the visible region and an 

excellent reflector in the mid and far infra-red (IR) regions 

[1]. Besides, Al is widely used in the microelectronics 

technology as ohmic contacts, schottky barrier contacts, 

gate electrodes and also as interconnects [2]. 

Al also finds its application in the fabrication of 

thin film transistors (TFTs), photodetectors, solar cells and 

many other devices [3]. In the fabrication of solar cells,  

Al is heavily used as back contacts due to its ease of 

deposition, low sheet resistance and its capability to 

introduce back surface field effects (BSF) that could 

minimize carrier recombination rates at the rear side of the 

device [4]. Nowadays, Al is being introduced as back 

contacts in thin film solar cells too [5]. In this device, the 

high reflectance property of the Al contacts is exploited to 

serve as a light-trapping solution where low energy photons 

(after passing through the absorber layer for the first time 

without being absorbed) will be obliquely reflected back 

into the absorber layer. This increases the optical path 

length of the light (photons) in the device thereby 

increasing absorption efficiency, photocurrent generation, 

and quantum efficiency of the thin film solar cells 

particularly in the long wavelength region [6]. 

Deposition of Al contacts can be carried out by several 

physical vapor deposition (PVD) methods such as thermal 

evaporation, electron beam (e-beam) evaporation and also 

sputtering [7]. Since Al has a fairly low melting point 

(660
o
C), thermal evaporation appears to be good enough 

for its deposition. In addition, thermal evaporation is the 

simplest and the most cost-effective compared to the other 

techniques which makes it a more appealing option. 

Even though extensive research has been carried out on the 

evaporation of Al as contacts in bulk and thin film solar 

cells, most of the research activities employ either wafers 

or glass materials as substrates [8]. Studies of Al back 

contacts on polymeric materials like polyimide (PI) and 

polyethylene terephthalate (PET) plastics substrates are still 

in their infancy phase. Both PI and PET are excellent 

polymeric materials. They have attracted interests of many 
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parties in photovoltaic (PV) and other related fields due to 

their reasonable temperature resistance, flexibility, light-

weight, low-cost properties [9]. 

This paper studies the properties of Al contacts on 

PI and PET substrates via thermal evaporation technique 

for applications in thin film solar cells. Following the 

deposition, structural, surface morphology of the thin films 

on both substrates are investigated and compared. Their 

applicability in thin film solar cells is subsequently 

discussed. 

2. Experimental Methods 

In this experiment, PI (75 µm thickness) and PET (250 µm 

thickness), 2 x 2 cm
2
 in dimension, from DuPont 

Corporation (Malaysia and Singapore) and Penfibre Sdn. 

Bhd. (Malaysia) respectively are used as substrates for Al 

contacts deposition. Before deposition, both substrates are 

firstly cleaned by using Decon90 chemical for 10 minutes 

and then rinsed with deionised water (DI water) to remove 

contamination. For thermal evaporation process, Al pellets 

with purity 99.9% are prepared. The evaporation of  

Al contacts is carried out on Edwards AUTO 306 system. 

Before the evaporation, both substrates are mounted onto 

substrate holder, located 8 cm from the Al pellets (placed in 

tungsten boat). Vacuum chamber is then evacuated by 

using roughing and diffusion pumps until 3.4 x 10
-5

 Torr 

base pressure is reached.  

Current supply is then turned on and increased gradually 

until ~100 Ampere to start the evaporation process and 

produce ~1 μm Al contacts. During the evaporation 

process, both substrates are held at room temperature (300 

K).  

Structural properties of the evaporated Al contacts 

are characterised by energy dispersive X-ray (EDX, Model: 

JSM-6460 LV) system and X-ray diffraction system (XRD, 

Model: Panalytical X’Pert PRO MRD PW3040, with Cu-

Kα1 radiation source, λ = 1.5406 Å). Surface morphology 

of the samples is inspected by atomic force microscope 

(AFM, Model: Ultra Objective). The thickness and surface 

reflectance of the samples are measured on optical 

reflectometer (Model: Filmetrics F20). 

 

 

 

 

 

 

3. Results and Discussion 

 

(a) 

 

(b) 

Fig.1 EDX spectra of Al contacts on (a) PI and (b) PET 

substrates. 

Thicknesses of both samples are measured to be ~1 μm by 

reflectometer. Fig. 1 shows the EDX spectra of the Al 

contacts on both PI and PET substrates. From the spectra, it 

can be seen that the peak at 1.4866 keV belongs to Al atom, 

confirming the existence of the Al layer. The other peaks at 

0.2774 keV and 0.5249 keV belong to carbon (C) and 

oxygen (O) atoms that constitute both the PI and PET 

substrates [10]. 

Fig.2 XRD patterns of Al contacts on PI and PET 

substrates. 
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Fig.2 illustrates the XRD patterns of the Al contacts on PI 

and PET substrates. The output patterns are compared to 

International Centre for Diffraction Data (ICDD) library 

[11] as the reference database. From the figure, both 

samples show that the evaporated Al is crystalline in nature 

with (111)-oriented grains at 38.4°. The full width at half 

maximum (FWHM) of both peaks are 0.1968°, 

corresponding to 45.60 nm crystallite size as calculated by 

Scherrer’s formula [12]. The other peaks in the figure 

belong to the substrates while a high peak at 44.4° from 

both diffraction patterns belong to silicon carbide (SiC) 

stage used to place the samples for XRD measurement [13]. 

 

(a) 

 

(b) 

Fig.3 AFM images (spot size 5 x 5 µm
2
) of Al contacts on 

(a) PI (RMS roughness = 9.38 nm) (b) PET (RMS 

roughness = 8.28 nm). 

Fig. 3 reveals the AFM images of the Al contacts 

on PI and PET substrates with spot size of spot size 5 x 5 

µm2. From the figure, it can be observed that both samples 

possess fairly smooth surfaces with surface roughness RMS 

below 10 nm. This is believed to be due to the highly 

directional line-of-sight deposition nature of thermal 

evaporation technique which normally results in samples 

with smooth (planar) rather than textured surfaces [14]. 

 

 

 

 4. Conclusion 

 
In this paper, properties of thermally evaporated 1 

μm Al contacts on PI and PET substrates for applications in 

thin film solar cells are investigated. EDX spectra shows 

presence of Al contacts on both PI and PET substrates at 

1.4866 keV. XRD results illustrate proper formation of Al 

(111) plane at 38.4° with FWHM of 0.1968° on both 

samples. AFM images reveal that both samples have fairly 

smooth surfaces with surface roughness RMS below 10 nm. 

This result of both samples can be used as back contact 

layer in thin film silicon solar cells. 

Acknowledgments 

  
This project was supported by the Nano-Optoelectronic 

Research Laboratory (NOR) of the School of Physics, 

Universiti Sains Malaysia (USM). M. G. Faraj wishes to 

thank the University of Koya/Iraq. 

References 

 
[1] C. Jaing, Lee. On the preparation of high 

reflectance a spherical mirrors by thin-film 

deposition. J Opt. Quant. Electron, 28(10), 1583-

8, (1996). 

[2] G. Civrac, S. Msolli, J. Alexis, O. Dalverny, H. 

Schneider. Electrical and mechanical 

characterisation of Si/Al ohmic contacts on 

diamond. Electronics Letters, 46(11), 791-3, 

(2010). 

[3] S. Ishihara, T. Hirao. Depth profile measurements 

of aluminium film on phosphorus-doped 

hydrogenated amorphous silicon layers by Auger 

electron spectroscopy. Thin Solid Films, 155(2), 

325-9, (1987). 

[4] M. A. Green, Solar Cells: Operating Principles, 

Technology, and System Applications, Prentice-

Hall, (1982). 

[5] J. Muller, B. Rech, J. Springer, M. Vanecek, TCO 

and light trapping in silicon thin film solar cells. 

Solar Energy, 77(6), 917-30, (2004). 

[6] J. Nelson. The Physics of Solar Cells, Imperial 

College Press (2003). 

[7] M. L. Green, R. A. Levy, R. G. Nuzzo, E. 

Coleman, Aluminum films prepared by metal-

organic low pressure chemical vapor deposition. 

Thin Solid Films, 114(7), 367-77, (1984). 

http://www.naturalspublishing.com/Journals.asp


30                                                                                                     M. G. Faraj, K. Ibrahim.: Investigation of the Structural Properties … 

 

 

 

© 2015 NSP 

Natural Sciences Publishing Cor. 
 

[8] K. Wijekoon , H. Mungekar, M. Stewart, P. 

Kumar, J. Franklin, M. Agrawal, K. Rapolu, Fei 

Yan, Yi Zheng, A. Chan, M. Vellaikal, Lu. 

Xuesong, D. Kochhar , Lin Zhang, D. Tanner, V. 

Dabeer, H. Ponnekanti, Development of high 

efficiency mono-crystalline silicon solar cells: 

Optimization of rear local contacts formation on 

dielectrically passivated surfaces. IEEE 38th 

Photovoltaic Specialists Conference (PVSC). 

Texas.USA, 3-8, June (2012).  

[9] P. K. Shetty, N. D. Theodore, J. Ren, J. Menendez, 

H. C. Kim, E. Misra, J. W. Mayer, T.  L. Alford. 

Formation and characterization of silicon films on 

flexible polymer substrates, 59 (8-9), 872-5, 

(2005). 

[10] K. A. El-Farahaty, A. M. Sadik, A. M. Hezma, 

Study of Optical and Structure Properties of 

Polyester (PET) and Copolyester (PETG) Fibers 

by Interferometry. International Journal of 

Polymeric Materials, 56(7), 715-28, (2007). 

[11] International Centre for Diffraction Data (ICDD), 

(2012, 10 November).  

Available: http://www.icdd.com/. 

[12] J.  I. Langford, A.  J. Wilson, C. Scherrer after 

sixty years: A survey and some new results in the 

determination of crystallite size. Journal of 

Applied Crystallography, 11, 102-13, (1978). 

[13] J. J. Hassan, Z. Hassan, H. Abu-Hassan. High-

quality vertically aligned ZnO nanorods 

synthesized by microwave-assisted CBD with 

ZnO–PVA complex seed layer on Si substrates, 

Journal of Alloys and Compounds, 509(23), 6711-

19, (2011). 

[14] P. Widenborg, A. Straub, A. Aberle, Epitaxial 

thickening of AIC poly-Si seed layers on glass by 

solid phase epitaxy. Journal of Crystal Growth, 

276(1-2), 19-21, (2005). 

 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Wijekoon,%20K..QT.&searchWithin=p_Author_Ids:37374290600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Mungekar,%20H..QT.&searchWithin=p_Author_Ids:37600287900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Fei%20Yan.QT.&searchWithin=p_Author_Ids:38489458000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Fei%20Yan.QT.&searchWithin=p_Author_Ids:38489458000&newsearch=true

	Investigation of the Structural Properties of Thermally Evaporated Aluminium Thin Films on Different Polymer Substrates.
	Recommended Citation

	tmp.1631358363.pdf.xuZLb

