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Abstract 

In this work, thin films of Cd0.9Sb0.1Se were successfully deposited on glass substrates by 

thermal evaporation method at room temperature. The Cd1-xSbxSe alloy composed of 

highly-pure Cd, Sb and Se samples was prepared with x=0.1 by melting method in a tube 

furnace at 900°C. The structural and surface characteristics of these thin films were studied 

by the x-ray diffraction and atomic force microscopy to determine their dependencies on 

film thickness. These films were amorphous and the grain size as well as the surface 

roughness was increasing with film thickness. The energy band gap was decreased from 2.6 

to 2.15 eV with increasing film thickness from 150 to 450 nm. These structures are efficient 

candidates for some applications such as quantum devices. 
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1. Introduction 

Ternary compound semiconductors are essential 

for the development of high-frequency and high-

power electronic and optoelectronic devices 

operating in the ultraviolet spectral region due to 

their wide band gap and unique electronic 

characteristics [1-2]. 

The compound semiconductors are intensively 

investigated due to their efficient employment in the 

photonics and optoelectronic applications [3-6]. The 

ternary compound (CdSbSe) is one of the most 

promising materials for some recent applications of 

photonics and optoelectronics, such as thin film 

transistors, light-emitting diodes, photodetectors, e-

beam pumped lasers, electroluminescent devices and 

electrophotography [7-11]. Some ternary compounds 

were used as efficient absorbers and window layers 

in thin film photovoltaic and detector configurations 

[12]. 

The ternary compound CdSbSe is prepared by 

different methods and techniques, such as thermal 

evaporation, spray pyrolysis, plasma sputtering, 

pulsed-laser deposition and electro-deposition [13]. 

Among these methods, thermal evaporation is the 

most applicable one due to the considerable large 

mean free path of vapor atoms at low pressure [14]. 

Accordingly, sharp thin films could be deposited on 

various substrates with minimum impurity 

concentration in the film [1,4,13]. 

Cadmium selenide (CdSe) is one of II-VI 

semiconductors with direct energy band gap of about 

1.74eV, high absorption coefficients, and good 

electrical and optical properties [15-18]. Similarly, 

antimony selenide (Sb2Se3) is considered as a very 

promising non-toxic absorber material for thin film 

photovoltaics [19]. Due to the one-dimensional 

crystalline structure of Sb2Se3, severe interfacial 

diffusion would be expected [19-21]. 

 

2. Experimental work 

In order to prepare Cd1-xSbxSe alloy, highly-pure 

(99.999%) samples of Cd and Sb and Se elements 

with were mixed at the correct stoichiometric ratio 

(with x=0.1) and then sealed in quartz tube under 

vacuum. It was placed inside an electric furnace 

(type 634 HBTMN) and the temperature was raised 

up to 900°C by a step of 200°C. The temperature 

was kept constant for two hours before stepping up. 

The prepared sample of Cd0.9Sb0.1Se was cleaned 

with distilled water and alcohol and then placed in 

ultrasonic instrument. It was fixed inside deposition 

chamber, which was initially evacuated down to 

2x10-5 mbar. An Edward E306 thermal evaporation 

system was used to deposit thin films of Cd0.9Sb0.1Se 

on glass substrates with different thicknesses (150, 

300 and 450nm). 

The prepared samples were characterized by the 

x-ray diffraction (XRD) to introduce their crystalline 
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structure. As the average grain size (D) of 

polycrystalline materials has an important role in 

determining the properties of material, it was 

determined from the full width at half maximum 

(FWHM) of the XRD pattern according to Scherer's 

formula [22]: 

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
      (1) 

The surface roughness of the prepared films was 

determined by atomic force microscopy (AFM) 

using an AA3000 Angstrom Scanning Probe 

Microscope. 

 

3. Result and Discussion 

The x-ray diffraction (XRD) patterns of 

Cd0.9Sb0.1Se thin films prepared in this work with 

different thicknesses (150, 300 and 450nm) are 

shown in Fig. (1). Table (1) summarizes some 

structural parameters obtained from the XRD 

patterns for the deposited films. Both figure and 

table depict that all as-deposited films are 

amorphous structure. The crystallite size was found 

to increase with increasing film thickness. As well, 

the intensity of the pattern was increasing with film 

thickness and this may be attributed to an 

enhancement in the structure of thicker films. 

 

 
 
Fig (1) The XRD patterns for Cd0.9Sb0.1Se thin film samples of 

different thicknesses (150, 300 and 450nm) 

 

Obviously, thin films deposited by thermal 

evaporation from multi-elements alloys exhibit 

amorphous structures and most attempts in the last 

two decades to produce thin films of crystalline 

structures from such alloys by thermal evaporation 

method have failed. Such disadvantage of thermal 

evaporation method can be compensated by the low 

cost and large scale production of thin films for 

various applications. 

The grain size and average roughness of the 

prepared Cd0.9Sb0.1Se thin films were determined by 

AFM analysis, as shown in Fig. (2) and Table (2). It 

is obvious that the average grain size increases with 

increasing film thickness from 150 to 450 nm. This 

was also observed from the XRD results as the 

intensities of the preferred orientations become 

higher than others with increasing film thickness. 

The average roughness of the film surface was 

slightly increased while the film thickness was 

increased from 150 to 300nm, while a reasonable 

increase in the average roughness was observed with 

the further increase in film thickness up to 450nm. 

This feature makes is very applicable in gas sensing 

and photonic detection devices. 

 

 
 

(a) 150nm 

 

 
 

(b) 300nm 

 

 
(c) 450nm 

Fig. (2) The AFM images for Cd0.9Sb0.1Se thin film samples of 

different thicknesses 

 

In order to introduce the effect of increasing film 

thickness on the energy band gap of the prepared 
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Cd0.9Sb0.1Se thin film, the relation of ( )2 with 

the incident photon energy ( ) was plotted for 

three different samples with film thickness of 150, 

300 and 450nm, as shown in Fig. (3). The 

incorporation of Sb impurities in the CdSe structure 

leads to decrease the energy difference between 

covalence and conduction bands of the direct type. 

Moreover, increasing film thickness leads to 

increase the volumetric concentration of impurities 

available within the structure of the film. 
 

Table (2) indicate the average grain size and the average 

roughness for Cd0.9Sb0.1Se thin film samples of different 

thicknesses 

 
Thickness 

(nm) 
Ave. Grain Size 

(nm) 
Ave. Roughness 

(nm) 

150 0.58 0.508 

300 0.61 0.513 

450 1.78 1.53 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (3) The relation of ( )2 with the photon energy ( ) 

for Cd0.9Sb0.1Se thin film samples of different thicknesses (a) 

Eg=2.6eV, (b) Eg=2.4eV and (c) Eg=2.15eV 

 

4. Conclusion 

Thin Cd0.9Sb0.1Se films were thermally deposited 

on glass substrates from an alloy target. The 

structural characteristics of these films, such as 

crystalline orientations, surface roughness and 

energy band gap were investigated. All prepared 

films were amorphous. The effects of increasing 

film thickness on the grain size, surface roughness 

and energy band gap were determined. The thermal 

evaporation method used to prepare the Cd0.9Sb0.1Se 

thin films from multi-elements alloy can be 

described as a low-cost and reliable deposition 

method. 

 

Reference 

[1] D.B. Holt, “The growth and structure of 

epitaxial films and heterojunctions of II–VI 

compounds”, Thin Solid Films, 24(1) (1974) 1-

53. 

[2] S.J. Lee, H.S. Chung, K. Nahm and C.K. Kim, 

“Band structure of ternary-compound 

semiconductors using a modified tight-binding 

method”, Phys. Rev. B, 42(2) (1990) 1452-1454. 

[3] W. Mönch, “Schottky contacts on ternary 

compound semiconductors: Compositional 

variations of barrier heights”, Appl. Phys. Lett., 

67(15) (1995) 2209-2211. 

[4] K. Ueda, H. Hiramatsu, M. Hirano, T. Kamiya 

and H. Hosono, “Wide-gap layered 

oxychalcogenide semiconductors: Materials, 

electronic structures and optoelectronic 

properties”, Thin Solid Films, 496(1) (2006) 8-

15. 

[5] P. Naresh, S. Sanjay, H. Divya and A.S. Verma, 

“Electronic Properties of Ternary Compound 

Semiconductors”, Res. J. Recent Sci., 1(8) 

(2012) 64-66. 

[6] A. Srivani, V.R. Murthy and G.V. Raghavaiah, 

“Investigation of Physical Properties in II-VI 

Ternary Semiconductors of Sulphides, Selenides 

and Tellurides”, Int. J. Eng. Sci., 2(11) (2013) 

26-35. 

[7] E. Masumdar, “Optical and electrical 

characterization studies of chemically 

synthesized antimony-cadmium selenide thin 

films”, Surf. Rev. Lett., 12(5) (2005) 703-707. 

[8] Ş.M. Huş and M. Parlak, “Electrical, photo-

electrical, optical and structural properties of 

CdSe thin films deposited by thermal and e-

beam techniques” J. Phys. D: Appl. Phys., 41(3) 

(2008) 035405-035413. 

[9] O.A. Hamadi, “Characteristics of CdO-Si 

Heterostructure Produced by Plasma-Induced 

Bonding Technique”, Proc. IMechE, Part L, J. 

Mater.: Design and Applications (JMDA), 222 

(2008) 65-71. 



Iraqi Journal of Scientific and Industrial Research 

Volume 2, Issue (1), January-March 2023, pp. 20-23 

 

© All Rights Reserved   ISSN (print) 2079-4630 (online) xxxx-xxxx   Printed in IRAQ  23 

[10] M. Xiao, L. Yang, X. Lei and I. Buchanan, 

“Method of Making a Multicomponent Film”, 

Patent No. US8563353B2, 22 October 2013. 

[11] O.A. Hammadi and N.E. Naji, “Electrical and 

spectral characterization of CdS/Si 

heterojunction prepared by plasma-induced 

bonding”, Opt. Quantum Electron., 48(8) (2016) 

375-381. 

[12] B. Mazumder, S. Broderick, K. Rajan, J. 

Peralta, H. Foronda and J.S. Speck, “Field 

Evaporation Behavior of Ternary Compound 

Semiconductor InxAl1-xN”, Microsc. 

Microanal., 23 (Suppl 1), (2017) 636-637. 

[13] B.R. Raad, D. Sharma, K. Nigam and 

P. Kondekar, “Group III–V ternary compound 

semiconductor materials for unipolar 

conduction in tunnel field-effect transistors”, J. 

Comput. Electron., 16(1) (2017) 24-29. 

[14] F. Iacomi, M. Purica, E. Budianu, P. Prepelita 

and D. Macovei, “Structural studies on 

some doped CdS thin films deposited by 

thermal evaporation”, Thin Solid Films, 515(15) 

(2007) 6080-6084. 

[15] K.C. Sathyalatha, S.Uthanna and P.J. Reddy, 

“Electrical and photoconducting properties of 

vacuum evaporated pure and silver-doped CdSe 

films”, Thin Solid Films, 174(1) (1989) 233-

238. 

[16] O.A. Hamadi and K.Z. Yahiya, “Optical and 

electrical properties of selenium-antimony 

heterojunction formed on silicon substrate”, 

Sharjah Univ. J. of Pure and Appl. Sci. (UoS J 

PAS), 4(2) (2007) 1-11. 

[17] D. R. Kendre, A. R. Pawar and V. B. Pujari, 

“Studies on optical and electrical properties of 

Pb doped CdSe thin films”, Proc. on Int. Conf. 

on Mater. and Materials-based Device Fabr. 

(ICMBDF 2012)”, Jan 17-19, 2012, Shivaji 

University, Kolhapur, M. S., India. 

[18] M. Ali, W.A.A. Syed, M. Zubair, N.A. Shah 

and A. Mehmood, “Physical properties of Sb-

doped CdSe thin films by thermal evaporation 

method”, Appl. Surf. Sci., 284 (2013) 482-488. 

[19] J. Escorcia-García, D. Becerra, M.T.S. Nair and 

P.K. Nair, “Heterojunction CdS/Sb2S3 solar 

cells using antimony sulfide thin films prepared 

by thermal evaporation”, Thin Solid Films, 569 

(2014) 28-34. 

[20] S.M. Shaban and F.Q. Kamil, “Effect of Pb 

additive on the Grain size and D.C Electrical 

Properties of Cd1-xPbxSe Thin Films”, Int. J. 

Current Eng. Technol., 5(3) (2015) 1698-1702. 

[21] A.S. Al-Kabbi, K. Sharma, G.S.S. Saini and 

S.K. Tripathi, “Effect of doping on transport 

properties of nanocrystalline CdSe thin film”, 

Thin Solid Films, 586 (2015) 1-7. 

[22] H.E. Swanson, M.C. Morris, R.P. Stinchfield 

and E.H. Evans, “Standard X-Ray Diffraction 

Powder Patterns”, U.S. Department of 

Commerce, National Bureau of Standards, 

Monograph 25, Sec. 7, p. 12 (1969). 

 

 

Table (1) Structural parameters of Cd0.9Sb0.1Se thin films of different thicknesses (150, 300 and 450nm) 

 

2θ (Deg.) FWHM (Deg.) dhkl (Å) (hkl) Phase dhkl Std. (Å) G.S. (nm) Card No. 

15.060 0.282 5.878 (020) Sb2Se3 5.885 28.4 900-7438 

16.860 0.400 5.254 (120) Sb2Se3 5.2501 20.1 900-7438 

23.300 0.653 3.815 (100) CdSe 3.7226 12.4 901-16665 

26.620 0.259 3.346 (002) CdSe 3.5076 31.5 901-16665 

26.900 0.282 3.312 (101) CdSe 3.2883 29.0 901-16665 

28.220 0.506 3.160 (211) Sb2Se3 3.1537 16.2 900-7438 

30.580 0.612 2.921 (221) Sb2Se3 2.8606 13.5 900-7438 

33.560 0.447 2.668 (240) Sb2Se3 2.625 18.6 900-7438 

35.000 0.500 2.562 (012) CdSe 2.5529 16.7 901-16665 

37.500 0.700 2.396 (041) Sb2Se3 2.3623 12.0 900-7438 

39.500 0.500 2.280 (150) Sb2Se3 2.3071 16.9 900-7438 

41.300 0.376 2.184 (110) CdSe 2.1493 22.6 901-16665 

44.236 0.647 2.046 (440) Sb2Se3 2.0673 13.3 900-7438 

49.160 0.376 1.852 (112) CdSe 1.8326 23.2 901-16665 

51.300 0.706 1.780 (531) Sb2Se3 1.7851 12.5 900-7438 

53.700 0.500 1.706 (232) Sb2Se3 1.6917 17.8 900-7438 

57.300 0.500 1.607 (720) Sb2Se3 1.5977 18.1 900-7438 

59.000 0.500 1.564 (422) Sb2Se3 1.5768 18.3 900-7438 

 


