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ABSTRACT: Zinc antimony sulphide thin films have been deposited on plane glass substrate using Chemical 
Bath Deposition technique. This is a two-step co-deposition technique of ZnS and Sb2S3 on same glass substrate; 
which resulted in ZnS-Sb2S3 composite film being fabricated by first growing ZnS and Sb2S3 binary components 
on separate glass substrates and then growing one on top of the other. Thereafter interfacial diffusion of atoms 
took place in the bilayer stack that resulted in ternary zinc antimony sulphide, Zn1-xSbxS (0 < x < 1) of variable 
stoichiometry across the junction. This interfacial diffusion was enhanced through 200  annealing of 

fabricated films. The resulting films showed band gap that varied from 2.50 eV to 3.10 eV, optical transmittance 
of up to 66 and structural properties that rendered them applicable as anti reflection coating and light 

trappers for solar devices. 
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1.  INTRODUCTION 

Ternary chalcogenide thin films (TF) have in recent time, assumed much prominence in solar cell 
technology because of their optical and electronic characteristics [1];[2];[3];[4].  A successful attempt is here 
reported on the fabrication of good grade of semiconducting zinc antimony sulphide thin films. The growth 
technique employed was the Chemical Bath Deposition (CBD) which though simple in its instrumentation and 
process, yet is easily reproducible and finds excellent application when large and/or irregular area of deposits 
are required [5] The expectation was to thus grow a ternary chalcogenide which would have band gap, 
optoelectronic and other essential properties derivable from the binary components: Sb2S3 and ZnS, that bring 
improvement in solar cell technology. The band gap of bulk Sb2S3 is between 1.50 eV and 1.80 eV [6] and that 
of ZnS is 3.60 eV [7]. The band gap of the ternary films grown, that is  2.50 – 3.10 eV was however bigger than 
2.20 eV reported for thin film Sb2S3 [8] and  less than that (3.5eV) obtained for thin film ZnS [9]. The ternary 
films grown had electrical semiconductivity of 0.0014 - 0.0016 Ω-1m-1 at small optimum semiconducting 
thickness of 344 nm [10]. This is pertinent in order to maintain low series resistance. It has transmittance of 
about 66 % in the visible region. This material could be a  good a l ternat ive  to CdS which present l y 
f inds very wide applications [11] but which toxicity, due to its large Cd content, is of concern to scientists 
[12]. Indeed, variety grown using Successive Ionic Layer Adsorption and Reaction (SILAR) technique are 
already being used as possible better alternative to currently widely used CdS and CdSe  because of this toxicity.   

The technology employed in this exercise for depositing ZnS-Sb2S3 composite film was the Chemical 
Bath Deposition technique (CBD) which is a very simple and easily reproducible method in which the crystal 
generally is grown through a liquid precursor, usually a solution of organic metallic powder dissolved in an 
organic solvent and kept in a reaction bath, where reaction took place. When the ionic product (IP) exceeds the 
solubility product (SP), precipitation of compound takes place in the bath. If a suitable substrate, which can be 
metallic or not, is dipped in the bath, this precipitation on its surface results in growth of good stoichiometric 
thin film [13].  In this exercise, such precipitate was on plane glass substrate. The ternary zinc antimony 
sulphide precipitated from a single solution bearing Zn, Sb and S ions was however only powdery and could not 
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stick on the substrate. Hence a two-step approach was adopted. This was a co-deposition of ZnS and Sb2S3, one 
on top of the other after which the binary composite was annealed to enable a single composite of zinc antimony 
sulphide of fairly ordered structure and of good stoichiometry  ie Zn1-xSbxS (0 < x < 1),   .   

 

 

 II. Experimental Details 

Two reaction baths A and B were set up to grow ZnS and Sb2S3 respectively. Bath A contained 0.6 g of 
SbCl3 dissolved in 5 ml of acetone, 10 ml of 1.0 M Na2S2O3 (sodium thiosulphate) and 30 ml of distilled water, 
the solution being stirred vigorously in a 50 ml beaker. The glass substrate was dipped into the bath which was 
left for 13 minutes at room temperature and at a pH of 7.8.  Acetone (CH3COCH3) acted as a complexant to 
enable slow release of Sb2S3 as follows [14]: 

 
              2SbCl3 + CH3COCH3                   2Sb(CH3COCH3)

3+ + 3Cl2 
              Sb2(CH3COCH3)

3+                                 2Sb3+ + CH3COCH3 
              Na2S2O3 + OH-                             Na2SO4 + HS- 
              HS- + OH-                                     H2O + S2- 

              2Sb3+ + 3S2-                                 Sb2S3 

 

 Bath B contained 3 ml of 1.0 M ZnCl2, 10 ml of 10.0 M NH3, 5 ml of 1.0 M NH2CSNH2 and 20 ml of 
distilled water. The pH of the solution was 11.0. The substrate was dipped and the bath was left at 51°C for 
18hrs during which grayish ZnS film grew on the substrate following reactions complexed by ammonia as 
follows: 
 
           ZnCl2 + 4NH3                            Zn(NH3)4

2+ + 2Cl- 
           Zn(NH3)4

2+                                 Zn2+ + 4NH3 
           NH2CSNH2 + OH-                      CH2N2 + H2O + HS- 
           HS- + OH-                                   H2O + S2- 
           Zn2+ + S2-                                        ZnS 
 
      The ZnS grown in bath B was removed, rinsed with plenty of distilled water, and transferred to a fresh bath 
of A for the stack growth of Sb2S3 on the ZnS.  After 13 minutes, the ternary stack bilayer was removed, rinsed 
in plenty of distilled water, drip dried in dust-free environment and labeled 21A.  Similar experiments were 
carried out four other times except that the weight of SbCl3 used were 0.9 g, 1.2 g, 1.5 g and 1.7 g respectively  
which resulted in composite nanofilms labeled 21B, 21C 21D and 21E respectively. Sticking quality 
consideration favoured this order of stacking as against first growing Sb2S3 on the glass substrate and 
subsequently depositing ZnS on Sb2S3 layer. Each ZnS-Sb2S3 composite deposit was annealed for an hour at a 
temperature of 200 . 

 The absorption spectra, A of the sample ternary films were taken in the wavelength range 200 – 1100 
nm which spread the NIR-VIS-UV region of the electromagnetic spectrum. Other optical parameters were 
derived from the following relationships: 

Transmittance,  

                   T = 10-A                                                                                  1 

Absorbance and transmittance are both related to the reflectance R by  

                   A + T + R = 1                                                                       2 
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The absorption coefficient of the films, α is related to the transmittance T with minor corrections as [15]: 

                    α = Ln(1/T)                                                                          3 

and α values were used to decipher the band gap, Eg of any semiconductor, such as these thin films, knowing 
that in a semiconductor, electronic transition between bands are photon induced and are either direct or indirect 
according to the value of n in the general relationship between Eg and photon energy h� given as [16]: 

                           αh� = B(h�-Eg)n/2                                                                    4   

where B is a constant.  For direct allowed transition as in the ternary sulphide here considered, n =1  and  

                          (αh�)2 = A(h�-Eg)                                                                     5 

where A = B2 is a constant. Hence a graph of (αh�)2 against h� will be linear with intercept on the hν axis given 
as Eg.  Reflectance is related to film refractive index n and extinction coefficient k as [17];[18]: 
 

    R =                                                                    6     

                                   
 If  ≪  as is the case for semiconductors and insulators: 

 

      R     =                                                      7 

Hence,  

                           n     =                                            8     

 
The extinction coefficient k  is deduced using the well-known equation [15]:             
 

                          k   =                                                                           9 

Obviously, n and k are used to describe the dielectric properties of the thin films as:  
 
                           ε = εr + εi         =    n2 – k2 + 2ik                                             10 
 
where  εr  is the real part while  εi  is the imaginary part of film dielectric constant.  
 
           X-ray diffraction of the deposits, as determined with a Phillips X’Pert PRO  diffractometer was used to 
decipher the deposits to be zinc antimony sulphide films. This radiator applied CuKα of λ = 0.15406 nm to scan 
samples continuously from 2θ = 100 to 990 in step size of 0.0170 at a room temperature of 288 K to reveal our 
deposits which however were not of any reasonable order until after annealing.  
                                                    

III .  RESULTS AND DISCUSSION  
 
3.1  X-ray Diffraction Results 
The XRD done on the films showed that as-grown zinc antimony sulphide films were amorphous(Fig. 

1), however, certain order presented when the films were annealed at temperature of 200  (Fig. 2). The 

diffraction pattern matched ICDD card number 06-065-0309 which indicated zinc antimony sulphide for which 
the calculated average grain size was 30.980 nm. The various diffraction planes (h k l) and their corresponding 
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peak full widths at half maxima (FWHM), plane sizes d and grain sizes D at various angles  were as shown in 

table 1.     

                                              

 

 

 

Table 1: XRD Results for Zinc Antimony Sulphide TF Marched to Card No. 06-065-0309 

(h k l) d (nm) FWHM 2 ( ) D (nm) 

(1 1 1) 0.6424 0.5333 28.25 29.515 
(2 0 0) 0.5417 0.5482 35.23 30.964 
(0 2 3) 0.3432 0.5871 42.43 31.997 
(2 2 5) 0.2142 0.5671 44.75 31.422 
                                                                                                            Average: 30.980 nm 
 

3.2  Optical Analysis Results 
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Results for absorbance of zinc antimony sulphide thin films of different Sb3+ concentrations were as 
shown in figure 3. Within the optical range (400 700nm), the  

absorbance was fairly stable but this varied with Sb composition from 0.22 to as high as 0.62.  
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The transmittance of the films (Fig. 4) were low in the near UV (300nm – 400nm) and high (66 in the VIS 

which became lower again in the near IR. The highest transmittance was obtained for film of least Sb content 
(sample 21A) and the lowest for films of highest Sb content (sample 21E). The exact variation of these spectral 
values with Sb content is currently being studied. Reflectance values of between 0.16 and 0.20 were obtained 
for the composite films (Fig. 5) in the VIS which decreased significantly in the near UV region. Other optical 
values such as extinction coefficients k, refractive indices n, absorption coefficients , real dielectric constants εr 

and imaginary dielectric constants εi, were as shown in  Fig. 6, 7, 8, 9 and 10 respectively. The absorption 
spectra which are the simplest and most direct sources of determining the band structure of semiconductors [19] 
were employed to decipher the band gap of the zinc antimony sulphide deposits by means of graphs of 2 

against photon energy h�. Such plots were linear (Fig. 11) except at very low absorption coefficient. The linear 
section could however be extrapolated to meet this h� axis to hence reveal the band gap of the film concerned as 
indicated by equation 5. Such band gaps ranged from 2.50 eV – 3.10 eV . The reasons for the non linearity of 
plot at low values of  are now well established [20].  

 

IV. CONCLUSION 
 
A two-step co-deposition technique of zinc antimony sulphide was accomplished using chemical bath 

deposition technique which however produced only amorphous as-deposited ZnS-Sb2S3 films. When annealed 
for one and a half hour at temperature of about 200 , such films presented discernable good order. Interfacial 

diffusion of atoms took place in the bilayer stack of ZnS and Sb2S3 that resulted in ternary zinc antimony 
sulphide,  Zn1-xSbxS (0 < x < 1), of variable stoichiometry across the junction. Spectrphotometric analysis done 
on the films deciphered band gap that varied from 2.50 eV to 3.10 eV, optical transmittance of about 66 and 

optical constants that depended widely on the antimony content of the films. The exact nature of these variations 
are presently uncertain and are in the process of being determined but such variations were such that the 
constants are slightly tunable for the material application as an absorber and as anti reflection coating. 
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