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Abstract 

In this work, we have studied the influence of RF power on structural and optical properties of CdTe thin films deposited by 

indigenously designed locally fabricated RF magnetron sputtering. Films were analyzed by using variety of techniques such as low 

angle X- ray diffraction, UV-Visible spectroscopy, Raman spectroscopy etc. to study its structural and optical properties.  Low 

angle XRD analysis showed that CdTe films are polycrystalline and has cubic structure with preferred orientation in (111) direction. 

Raman scattering studies revealed the presence of CdTe phase over the entire range of RF power studied. The UV-Visible 

spectroscopy analysis showed that the band gap decreases with increase in RF power. However, CdTe films deposited at higher 

RF power has optimum band gap values (1.44-1.60 eV). Such optimum band gap CdTe can be use as absorber material in CdS/CdTe 

and ZnO/CdTe solar cells. 
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1. Introduction  

Cadmium Telluride (CdTe) is becoming the most successful contender to Si photoactive material for the realization 

of solar cells due to its high efficiency and low cost solar cell applications. The material is gaining great interest among 

the researchers due to its crucial properties such as long term performance stability [1], direct band gap (1.44 eV) that 

is near the optimum for photovoltaic solar energy conversion [2] and high optical absorption coefficient (> 105 cm-1) 

to achieve a nearly full absorption of solar spectrum for thicknesses below 800 nm [3, 4]. 

Various deposition techniques can be used to the preparation of CdTe thin films includes closed space sublimation 

(CSS) [5], molecular beam epitaxy (MBE) [6], electrodeposition [7], pulsed laser deposition (PLD) [8, 9], metal 

organic chemical vapor deposition (MOCVD) [10], successive ionic layer adsorption and reaction method (SILAR) 

[11], screen printing [12], physical vapor deposition (PVD) [13], vacuum evaporation [14], electron beam evaporation 

[15], RF sputtering [16] and spray pyrolysis [17] etc. Among these methods RF magnetron sputtering method is most 

commonly used technique for the deposition of CdTe films and has been established for industrial applications. The 

RF magnetron sputtering permits deposition at low temperature, and gives better adhesion, larger coverage and higher 

film density than other methods. The main advantage of RF magnetron sputtering is that the stoichiometry of the 

sputtering material is retained in the deposited film making it a suitable technique for depositing intermetallic 

compounds [18]. Another advantage of the sputtering technique is the use of low energy particle bombardment for 

achieving lower growth temperatures along with the use of excited species for improving the doping control during 

growth [19].  

The physical properties of CdTe films deposited by RF magnetron sputtering strongly dependent on process 

parameters such as sputtering power, argon gas pressure, substrate temperature, target-substrate distance etc. 

Enormous work has been done on structure, optical and electrical properties of CdTe thin films deposited by RF 

magnetron sputtering. However, still it requires further investigation to optimize the optical and structural properties 

to use as a suitable candidate for solar cell applications. With this motivation we have initiated the detailed study of 

synthesis and characterization of CdTe films using RF magnetron sputtering method. In this paper, we present the 

detail investigation of influence of RF power on structural and optical properties of CdTe films deposited by RF 

magnetron sputtering method.  

2. Experimental 

2.1. Film Preparation  

The CdTe films were deposited on corning #7059 substrates using indigenously designed locally fabricated RF 

magnetron sputtering system [20]. Fig 1 shows the schematic diagram of RF magnetron sputtering system.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic diagram of indigenously designed locally fabricated RF magnetron sputtering system. 

It consists of a cylindrical process chamber coupled with a TMP followed by a roughing pump which yields a base 

pressure less than 10 7 Torr. A target of 4 inch diameter (99.99 %, Vin Karola Instrument, USA) was used for 
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deposition of CdTe films and was kept facing substrate holder  7 cm away. To have uniform film substrates were 

kept rotating during the sputtering process using a stepper motor. The RF power was varied from 30 W to 150 W. The 

substrates can be clamped on substrate holder which is heated by inbuilt heater using thermocouple and temperature 

controller. The process pressure was kept constant by using throttle valve and measured with capacitance manometer. 

Argon (Ar) can be introduced in the process chamber through a specially designed gas bank assembly which consists 

of MFCs and gas mixing.  Other process parameters employed during deposition of CdTe films are listed in Table 1. 

Table 1. Process parameters employed during the deposition of CdTe films 

Process parameter Value  

Process Pressure 1x10-2 mbar 

Deposition Time 30 min 

RF Power 30-150 W 

Distance between substrate holder and target  electrode 7 cm 

Ar gas flow rate 60 sccm 

Substrate temperature 100 0C 

 

The substrates were cleaned using a standard cleaning procedure. Prior to each deposition, the substrate holder and 

deposition chamber were baked for two hours at 100 0C to remove any water vapor absorbed on the substrates and to 

reduce the oxygen contamination in the film. After that, the substrate temperature was brought to desired value by 

appropriately setting the inbuilt thermocouple and temperature controller. Sputter-etch of 10 min were used to remove 

the target surface contamination. The deposition was carried out for desired amount of time and films were allowed 

to cool to room temperature in vacuum. 

2.2. Film characterization 

Low angle X-ray diffraction pattern were obtained by X-ray diffractometer (Bruker D8 Advance, Germany) using 

CuKα line (λ = 1.54056 Å). The average crystallite size was estimated using the classical Scherrer’s formula. The 

band gap of the films was deduced from transmittance and reflectance spectra of the films deposited on corning glass 

and were measured using a JASCO, V-670 UV-Visible spectrophotometer in the range 300-2500 nm by using the 

procedure followed by Tauc. Raman spectra were recorded with Raman spectroscopy (Jobin Yvon Horibra 

LABRAM-HR) in the range 50-1200 cm-1. The spectrometer has backscattering geometry for detection of Raman 

spectrum with the resolution of 1 cm-1. The excitation source was 532 nm line of He-Ne laser. The power of the Raman 

laser was kept less than 10 mW to avoid laser induced crystallization on the films. Thickness of films was determined 

by profilometer (KLA Tencor, P-16+) and was further confirmed by UV-Visible spectroscopy using the method 

proposed by Swanepoel [20]. 

3. Results and Discussion 

3.1. Variation of film thickness 

Variation of thickness of CdTe thin films as a function of RF power is shown in Fig. 2. As seen from the figure, 

the thickness of the film increases from 3.65 µm to 12.64 µm when RF power increased from 30 W to 150 W. In the 

sputtering process the growth rate of films mainly depends on the variation in sputtering process parameters such as 

sputtering gas, process pressure, target composition, operating power, substrate temperature and the distance between 

the target and the substrate etc. According to sputtering theory, the sputtering deposition rate of films is proportional 

to the product of the sputtering rate of the target and the density of the Ar ion stream. The density of the Ar ion stream 

increases with increase in sputtering power. As a result the sputtering rate of the target also increases. Consequently 

the growth rate of the film and hence thickness of the film increases with increase in RF power. The increase CdTe 

film thickness with increase in RF power was reported previously by Guanghua et al. [21]. 

 

 



 Rupali Kulkarni et al.  /  Energy Procedia   110  ( 2017 )  188 – 195 191

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Variation of thickness of CdTe thin films as a function of RF power 

3.2. Low angle x-ray diffraction analysis 

Low angle x-ray diffraction (low angle-XRD) is a widely used as nondestructive technique for the structural 

characterization of different materials. Films deposited on glass were used for the low angle-XRD measurements. All 

low angle-XRD patterns were obtained at a grazing angle of 10. Fig. 3(a) display the low angle-XRD pattern of CdTe 

thin films deposited at different applied RF powers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. a) Low angle-XRD pattern b) Estimated average grain size (dx-ray) of CdTe thin films at different applied RF powers. 

As seen from the XRD pattern the films deposited at low RF power (> 30 W) didn’t show any diffraction peaks 
suggesting that the films are amorphous. However films deposited at high RF power (> 30 W) show three peaks at 2  

 23.480, 38.500 and 46.170 corresponding to (111), (220) and (311) diffraction planes respectively which are 

characteristic of polycrystalline cubic structure of CdTe [JCPDS data card #15-0770]. The XRD pattern of the films 

deposited in the present study is consistent with the reported in the literature [22, 23] which confirm the formation of 

CdTe films. The dominant diffraction peak is (111) signifying that the films have preferred orientation in (111) 
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direction. With increase in RF power the intensity of (111) diffraction peak increases signifying increase in 

crystallinity in the CdTe films. No other diffraction peaks due to impurities or phase were observed on XRD patterns, 

suggesting that the as-synthesized CdTe films were relatively pure. 

The average grain (dx-ray) size has been estimated using the classical Scherrer's formula [24],  

β
ray-x θcosβ

λ9.0
 d   …..(1)  

Where  is the wavelength of the x-ray used,  is full-width at half-maximum (FWHM) and  is the Bragg’s 
diffraction angle. The estimated average grain size (dx-ray) as a function of RF power is shown in Fig. 3 (b). As seen 

the average grain size of CdTe films increases from 15.3 nm to 27.9 nm when RF power increased from 50 W to 120 

W. However, further increase in RF power to 150 W there is no significant change in average grain size and it remains 

almost constant.  These results suggest that 120 W is an optimized RF power of our RF sputtering unit to obtain CdTe 

thin films with moderate crystallinity and crystallite size.  

3.3. Raman spectroscopy analysis 

Raman spectroscopy is a very powerful non-destructive technique used to investigate the structure of materials 

because it gives a fast and simple way to determine the phase of the material, whether it is amorphous, crystalline or 

nanocrystalline. Fig. 4 shows Raman spectra of CdTe films deposited at different RF power using RF magnetron 

sputtering.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Raman spectra of CdTe films deposited at different RF power using RF sputtering method. 

As seen from the fig., the Raman spectra shows major Raman peaks centered  162.7 cm-1, 137.6 cm-1 and 116.8 

cm-1. The peak centered  162.7 cm-1 corresponds to fundamental longitudinal optic (1 LO) phonon modes of CdTe, 
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[25, 26]. The peak located  137.6 cm-1 is overlapping of TO phonon in CdTe and E symmetry of Te and  the peak 

centered  116.8 cm-1 corresponds to trigonal Te [27, 28].which is overlap with each other. We do not observed bands 

around 450 cm-1 in any sample (not shown), which have been related to bending vibrations of the Te-O-Te linkages 

in a continuous TeO2 network [29-31]. Furthermore, no other Raman peak was observed over the entire range of RF 

power studied suggesting formation of single phase CdTe films. These results are consistent with low angle XRD 

analysis and further confirm the formation of CdTe films by RF sputtering method. 

3.4. UV-Visible spectroscopy analysis 

Optical properties of CdTe films have been deduced from transmission (T) and reflection (R) spectra of the films 

deposited on corning glass using UV-Visible spectrophotometer. Fig. 5(a) displays the transmittance curves of CdTe 

thin films prepared at different RF powers in the range 700-1100 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. a) Transmittance spectra b) Variation of optical band gap of CdTe thin films prepared at different RF powers by sputtering method 

The presence of interferences fringes in films transmittance spectra indicates that films have smooth surface 

morphology. The transmission strongly depends on the film structure, which is determined by the preparation 

methods, film thickness and deposition conditions [32]. As seen from figure the average transmission was found > 60 

% which is good for opto-electronic devices, especially for solar cell window layers. The higher transmittance can be 

attributed to less scattering effects, structural homogeneity and better crystallinity [33]. Furthermore, sharp fall at band 

edge is an indication of good crystallinity of CdTe in the films. The XRD analysis further supports this. 

As CdTe is a direct band gap semiconductor [34, 35], the optical energy band gap (Eopt) and the optical absorption 

coefficient ( ) are related by [36], 

)ΕE(B)αE( opt
2/12/1 -   ….(2) 

Where  is the absorption coefficient, B is the optical density of state and E is the photon energy. The absorption 

coefficient (α) can be calculated from the transmittance of the films with the formula, 

T

1
  ln

d

1
 α   …..(3) 

Where d is the thickness of the films and T is the transmittance. Therefore, band gap can be obtained by 

extrapolating tangential line to photon energy (E = h ) axis in the plot of ( h ) as a function of h . The variation of 

band gap as a function of RF power for CdTe thin films deposited using RF sputtering is shown in Fig. 5(b). As seen 

the optical band gap decreases from 2.34 eV to 1.44 eV when the RF power increased from 30 W to 120 W. It is 

interesting to note that the values band gap of CdTe films deposited at higher RF power (70 W) are in the range 1.44-

1.60 eV which is in excellent agreement with the reported bulk CdTe band gap value [37-39] and support to the 
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formation of stoichiometric CdTe films at higher RF power. These optical band gap values are in good agreement 

with the values reported by other authors. For example, Ikhmayies et al. [40] reported optical band gap of 1.48 eV 

value for vacuum evaporated CdTe films. Choi et al. [41], estimated the optical band gap energy from 1.41 to 1.45 

eV for sputtered CdTe films. Pandey et al. [9] reported values of optical band gap of 1.6 eV value for cubic CdTe 

films and 1.54 eV for hexagonal CdTe films deposited by pulsed laser ablation. Recently, E. Espinosa et al. [23] have 

also obtained optical band gap values in the range 1.44-1.60 eV for CdTe films deposited by sputter technique.  

4. conclusion 

Thin films of CdTe were grown by RF magnetron sputtering at various RF powers. Structural and optical properties 

of these films were investigated by using various characterization techniques. Low angle XRD analysis showed that 

CdTe films are cubic polycrystalline and has preferred orientation in (111) direction. Furthermore, increase in RF 

power improves crystallinity in the CdTe films. Raman scattering studies revealed the presence of CdTe phase over 

the entire range of RF power studied. The UV-Visible spectroscopy analysis showed that the optical band gap 

decreases from 2.34 eV to 1.44 eV when the RF power increased from 30 W to 120 W. However, band gap of CdTe 

films deposited at higher RF power (> 70 W) are in the range 1.44-1.60 eV which is in excellent agreement with the 

optimum band gap value. Such optimum band gap CdTe can be use as absorber material in photovoltaic applications 

like the CdS/CdTe and ZnO/CdTe solar cells. 

Acknowledgement 

Authors are thankful to DST and MNRE, Government of India for the financial support. Sandesh Jadkar is thankful 

to UGC for special financial support under UPE program. Mr. Sachin Rondiya gratefully acknowledges the financial 

support from BARTI, Pune, for award of Junior Research Fellowship. Ashok Jadhavar is thankful to BARC-SPPU 

program for financial support.  

References  

[1] Rose DH, Hasoon FS, Dhere RG, Albin DS, Ribelin RM, Li XS, Mahathongdy Y, Gessert TM, Sheldon P. Fabrication Procedure and Process 

Sensitivities for CdS/CdTe Solar Cells. Prog Photovoltaics Res Appl 1991;7:331-340. 

[2] Barrioz V, Kartopu G, Irvine SJC, Monir S, Yang X. Material utilisation when depositing CdTe layers by inline AP-MOCVD. J Cryst Growth 

2012;354:81-85. 

[3] Chun S, Han KS, Shin JH, Lee H , Kim D. Fabrication and characterization of CdTe nano pattern on flexible substrates by nano imprinting and 

electrodeposition. Microelectron Eng 2010;87:2097-2102. 

[4 ] McCandless BE, Birkmire RW. Analysis of post deposition processing for CdTe/CdS thin film solar cells. Solar Cells 199;31:527 -535. 

[5] Shah NA, Ali A, Maqsood A. Characterization of CdTe thin films fabricated by close spaced sublimation technique and a study of Cu            

doping by ion exchange process. J Non-Cryst Solids 2009;355:1474-1478. 

[6] Arnoult A, Cibert J. Surface dynamics during CdTe growth by molecular beam epitaxy. Appl Phys Lett 1995;66:2397-2399 

[7] Golgovici F, Visan T. Electrodeposition behaviour of Cadmium Telluride from chlorine chloride – urea ionic liquids. Chalcogenide Lett 

2012;9/4:165-174. 

[8] Bhattacharya P, Bose DN. Pulsed laser deposition of CdTe thin films for hetrojuctions on Silicon’S. Semicond. Sci Technol 1991;6:384 -387. 

[9] Pandey SK, Tiwari U, Raman R, Prakash C, KrishnaV, Dutta V, Zimik K.Growth of cubic and hexagonal CdTe thin films by Pulsed laser 

deposition. Thin Solid Films 2005;473:54 -57. 

[10] Hoke WE, Traczewski R. Metal- oraganic vapour deposition of CdTe and HgCdTe films. J Appl Phys 1983;54:5087-5089. 

[11] Ubale AU, Kulkarni DK. Studies on size dependent properties of Cadmium Telluride thin films deposited by using successive ion layer 

adsoption and reaction method. Indian J Pure Appl Phys 2006;44:254-259. 

[12] Suyama N, Arita T, Nishiyama Y, Wueno N, Kitamura S, Murozona M. CdS/CdTe solar cells by the screen-printing sintering technique. Proc 

5th Int Photovoltaic Sci Eng Conf 1990:757-760. 

[13] Takamoto T, Agui T, Kurita H, Ohmori M. Improved junction formation procedure for low temperature deposited CdS/CdTe solar cells. Sol 

Energ Mat Sol Cells 1997;49:219-225. 

[14] Patel HS, Rathod JR, Patel KD, Pathak VM. Structural and surface studies of vacuum evaporated Cadmium Telluride thin films. American J 

Mater Sci & Tech 2012;1:11-21. 



 Rupali Kulkarni et al.  /  Energy Procedia   110  ( 2017 )  188 – 195 195

[15] Begum MR, Rao NM, Kaleemulla S, Shobana M, Sai Krishna N, Kuppan M.  Effect of substrate temperature on structural and optical properties 

of nano crystalline CdTe thin films deposited by electron beam evaporation. J Nano- Electron Phys 2013;5/3:03019. 

[16] Shao M, Fischer A, Grecu D, Jayamaha U, Bykov E, Contreras-Puente G, Bohn RG,  Compaan AD. Radio-Frequency- Magnetron-Sputtered 

CdS/CdTe solar cells on soda-lime glass. Appl Phys Lett 1996;69:3045-3047. 

[17] Boone JL, Doren TPV, Berry AK. Deposition of CdTe by spray pyrolysis. Thin Solid Films 1982;87:259-264. 

[18] Sarmah PC, Rahman A. Electrical and optical properties of RF sputtered CdTe films. Bull Mater Sci 1998;21:149 -154. 

[19] Compaan AD, Gupta A, Lee S, Wang S, Drayton J. High efficiency, magnetron sputtered CdS/CdTe solar cells. Solar Energy 2004 ;77:815-

22. 

[20] Swanepoel R. Determination of the thickness and optical constants of amorphous silicon.  J Phys E ScI Instrum 1983;16:1214. 

[21] Guanghua W, Jincheng K, Xiongjun L, Feng Q, Cong L, Lili Y, Lingde K, Rongbin J. Effect of power variation on microstructure and surface 

morphology of HgCdTe films deposited by RF magnetron sputtering. J Semicond 2010;31/5:053004-1. 

[22 Huimin C, Fuqiang G, Baohua Z. Properties of CdTe nanocrystalline thin films grown on different substrates by low temperature sputtering. J 

Semicond 2009; 30/5:53001. 

[23] Espinosa EC, Rosendo E,  Oliva AL, Díaz T, Ramírez NC, Juarez H, García G, Pacio M. Physical properties of sputtered CdTe thin films. 

Indian J Appl Res 2014;4/5:588-593. 

[24] Cullity B, Stock S. Elements of X-ray Diffraction. 3rd Edition, 2001; Princeton Hall 

[25]  Ison VV, Rao AR, Dutta V. Characterisation of spray deposited CdTe films grown under different ambient conditions.  Solid State Sci 

2009;11:2003-2007. 

[26] Campos CEM, Ersching K, de Lima JC, Grandi TA, Höhn H, Pizani PS. Influence of minor oxidation of the precursor powders to form 

nanocrystalline CdTe by mechanical alloying. J Alloys Compd 2008 ;466: 80-86. 

[27] Xi L, Chua KH, Zhao Y, Zhang J, Xiong Q,  Lam YM. Controlled synthesis of CdE(E=S, Se and Te) nanowires.  RSC Adv 2012; 2:5243–
5253. 

[28] Wang X, Xu Y, Tong R, Zhou X, Li Q, Wang H. Compositional effects and optical properties of CdSeX Te1− X alloyed nanotube arrays. 

Cryst Eng Comm 2015;17(4):960-6. 

[29] Chowdari BVR, Kumari P. Raman spectroscopic study of ternary silver Telluride glasses. Mat Res Bull 1999;34/2:327-342. 

[30] Li H, Su Y, Sundaran SK. Raman spectroscopic study of Nd-doped 10Na2O-90TeO2 glassed. J Non-Cryst Solids 2001;293-295:402-409. 

[31] Duverger C, Bouazaoui M, Turrell S. Raman spectroscopic investigations of the effect of the doping metal on structure of binary tellurium- 

oxide glasses. J Non-Cryst Solids 1997;220:169-177. 

[32] Tepantlan CS, Gonzalez AM, Arreola IV. Structural, optical and electrical properties of CdS thin films obtained by spray pyrolysis. Rev Max 

Fis 2008;054/2:112-117. 

[33] Jacobs MH, Pashley DH, Stowell MJ. The formation of imperfection in epitaxial gold films. Phil Mag 1996;13:129-156. 

[34] Lalitha S, Sathyamoorthy R, Senthilarasu S, Subbarayan A, Natarajan K. Characterisation of CdTe thin films-dependence of sturctural and 

optical properties of temperature and thickness. Sol Energy Mater Sol Cells 2004;82:187 -199. 

[35] Sathyamoorthy R, Narayandass R, Mangalaraj D. Effect of substrate temperature on the structure and optical properties of CdTe thin film. Sol 

Energy Mater Sol Cells 2003;76:339 -346. 

[36] Tauc J. Absorption edge and internal electric fileds in amorphous semiconductors. J Mater Res Bull 1970;5:721-730. 

[37] Camassel J, Auvergene D, Mathieu H, Triboulet R, Marfaing Y. Temperature dependence of the fundamental absorption edge in CdTe. Solid 

State Commun1973;13:63-68 . 

[38] Abou-Elfotouh F, Soliman M, Riad AE, Al-Jassim Coutts M. Preparation and characterisation of polycrystalline RF sputtered CdTe thin films 

for PV application.  22nd IEEE Photovoltaic Specialists Conference, Las Vegas, Nevada October 7-11 (1991) 1109. 

[39] Fatus E, Herrasti P, Garcia T, Arjona F,  Camarero EG. Morphology and properties of electrodeposited CdS films in non-aqueous solvents. 

Mater Chem Phys 1985;13:497-502. 

[40]  Ikhmayies SJ, Ahmad-Bitar RN. Characterisation of vacuum evaporated CdS thin films prepared at ambient temperature.  Mater Sci Semicond  

Process 2013;16:118-125. 

[41] Choi YO, Kim NH, Park JS, Lee WS. Influence of thickness-uniformity and surface morphology on the electrical and optical properties of 

sputtered CdTe thin films for large area II-VI semiconductors heterostructured solar cells.  Mater Sci Eng B 2010;171:73-78. 

 

 


