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ABSTRACT  

 

Thin films of SnS/ZnS were deposited on glass substrates by thermal evaporation technique at 

room temperature. The effect of film annealing on the structure and optical properties of 

SnS/ZnS film has been studied in the temperature range 100, 200, 300 and 400C in air 

atmosphere. The films were characterized by X-ray diffraction (XRD), energy dispersive X-

ray analysis (EDX), optical absorption spectra. X-ray diffraction study revealed that SnS/ZnS 

films are crystalline, whereas films of lower annealing temperature exhibit poor crystalline 

with more amorphous background. The crystalline nature of the lower film annealing has 

been confirmed using electron diffraction pattern. The samples showed nearly stoichiometric 

chemical composition; however, deposited samples are deficient in Sn and Z and rich in S. 

The optical constants such as the band gap, refractive index (n), extinction coefficient (k) 

were determined from the measured absorbance spectra in the wavelength range 300–750 nm 

as function of annealing temperature. Refractive index, n were in the range of 1.8 – 2.5 at = 

550 nm and enhanced with the annealing temperature. The optical direct band gap of ZnS/SnS 

thin film was calculated as function of annealing temperature. The optical band gap shifts to a 

higher energy with increasing annealing temperature is due to the improvement of the 

crystallinity. The band gap for as-deposited SnS/ZnS thin film is 2.64 eV and increased with 

increasing annealing temperature  
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INTRODUCTION  

SnS is a material of great importance in solid state device fabrication. It has great significance in 

photoconductors [1] , photovoltaic conversion [2-5], holographic recording media [6], solar 

control device [7], near-infrared detector [8] etc, due to the high absorption coefficient (≈10
4 

cm
-

1
 near the fundamental edge) and high conductivity (hole mobility = 90 cm

2
V

-1
s

-1
). [9, 10]. SnS 

belongs to groups IV-VI of compounds formed with Sn as the cation and S as the anion. The 

constituent elements are inexpensive, nontoxic and abundant in nature leading to the 

development of devices that are environmentally safe and have public acceptability. SnS is an 

important optoelectronic material that is found in zinc blend with the lattice constant (a =0.5845 

nm), orthorhombic with the lattice constants (a =0.385 nm, b =1.142 nm and c =0.438 nm) and 

herzenbergite crystal structures [9]. 

 In addition, it usually exhibits band gap 1.0–1.1 eV for the indirect transition and about 1.3–1.5 

eV for the direct one. It could be used to build photovoltaic p–n or p–i–n structures with 

conversion efficiencies of about 25% [10-13]. ZnS is characterized by an n-type direct wide band 

gap in the range of 3.79–3.93 eV for the wurtzite phase and 3.6 eV for the cubic phase. It can 

crystallize in two allotropic forms: a cubic form (c-ZnS) with sphalerite structure and a 

hexagonal form (h-ZnS) with wurtzite structure [14, 15]. The normal phase transition 

temperature is 1020 °C, but both of the structures can be present at ambient temperature. Its 

constituent elements are nontoxic to the human body, and are very cheap and abundant. Zinc 

sulfide (ZnS) is an important optoelectronic material for use in the violet and blue spectral 

regions because of its wide band gap [11]. This II–VI compound semiconductor material has 

been studied extensively for a variety of applications, for example, in optical coatings, solid state 

solar window layers, electro-optic modulators, photo conductors, field effect transistors, optical 

sensors, photo catalysts, electroluminescent materials, phosphors and other light emitting 

materials. However, there are relatively few reports of successful fabrication of heterojunction 

solar cells with a ZnS window layer [16-18]. Many deposition techniques are used for fabrication 

of SnS and ZnS thin films.  

In the present work, we have used chemical method to get nano-crystalline powders of SnS. We 

have determined the effect of annealing temperature on structural and optical properties of 

SnS/ZnS thin films, deposited by evaporation technique. 

 

EXPERIMENTAL DETAILS  

Chemicals synthesis of SnS 

For SnS preparation, 15.018 g SnCl2,2H2O was dissolve into 100 ml deionized water, and then 

was heated for 30 minutes. A few drops of HCL were added to make an acidic environment for 

better reaction. In another flask, 50 ml (NH4)2S, 1.5M was dissolved into 100 ml deionized 

water, and then two solution were mixed together under ventilator. After collecting the dark 

deposit by filter, it was dried for 24 h in oven at 60 C. 

 

Deposition of SnS/ZnS thin films 

The deposition of SnS thin films was performed in the conventional vacuum thermal evaporator. 

The substrate used for deposition without heating was soda-lime glass substrate (SLG) that was 

ultrasonically cleaned by propanol solution for 10 min and later rinsed with deionized water and 

dried with acetone for three times. The SnS powder as a source was placed in the molybdenum 

boat. The evaporation process was done at 10
-5

 mbar, 1260 ̊ C, with rotation speed 800 round/h. 
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The deposition rate was 0.1 nm/s. The ZnS thin film was deposited on SnS thin film by 

evaporation deposition process of 99.99%  purity ZnS granule at 10
-5

 mbar, 1185 ̊ C, with 

rotation speed 900 r/h and deposition rate 0.3 nm/s. Film thickness was measured 213 nm with 

scanning electron microscopy (VEGA 2, TESCAN, Czech) by cross section method. 

Subsequently, the SnS/ZnS samples were annealed in atmosphere at 100, 200, 300, and 400 °C 

for 60 min in a stove, respectively. 

 

Characterization of the films 

Optical constants and absorption spectra of thin films were measured by UV/Vis 

spectrophotometer (Yazd University) at wavelength range 350-750 nm. Structural properties 

were observed by X-ray diffraction (XRD, Philips X'Pert high score) using device equipped with 

a Cu-Kα source (wavelength λ=1.54060 Å) over the 2θ range 20–80°, scanning electron 

microscope (SEM, EGA\TESCAN, Czech) and chemical composition of the SnS thin films was 

analyzed by energy dispersive X-ray analysis (EDX) using an energy dispersive X-ray analyzer 

attached SEM. 

 

RESULTS AND DISCUSION 

Structural Characterization 

Fig.1. shows X-ray diffraction patterns of the as-deposited SnS/ZnS thin film and the annealed 

SnS/ZnS thin films at different temperatures of 100–400 °C. Table 1 shows X-ray diffraction 

pattern results. As shown in table 1, we have found SnS, at orthorhombic phase and ZnS at 

hexagonal phase [19]. The as-deposited film has a broaden peak at 2θ=31.66˚ that confirmed by 

other researchers [11, 12], and the less intense reflection of the peaks could be due to nano-sized 

grains or low crystallinity of film. After annealing at the temperature of 100 ˚C, the peak 

intensity is found to be increased, new diffraction peaks at 46.55˚ and 32.59˚ appeared and 

preferred orientation changed with increasing annealing temperature, indicating to the better 

crystallinity of thin films[2, 5, 16, 19, 20] that could be due to grain growth process and 

reduction of nucleation centers [2, 13]. It also reveals that in order to minimum surface energy, 

most of the crystallites were crystallized orthorhombically along the (220) direction [1, 19]. At 

the temperature of 400˚ C a new peak appeared at 28.79˚ is due to presence of ZnO [21]. The 

Scherrer relation was used to calculate the crystallite size of the films [22]: 

 

0.9

cos
D



 
                                                                                  (1) 

Where λ is the wavelength of incident X-ray, θ is the diffracted angle and β is the full width at 

the half maximum height. Dislocations and micro strains have been determined from Eq. 2 and 

Eq. 3 [23]; 

 

2

1

D
                                                                                            (2)  

4




cos
                                                                                      (3) 

Because re-evaporation of sulfur and fill space with oxygen, make ZnO as a predominant phase 

[20, 21]. Dislocation, strain effect and grain size (measured from XRD and SEM),  are plotted as 

function of annealing temperature as shown in Fig. 2 and Fig. 3. For as-deposited films, the grain 
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size increased with increasing annealing temperature [12, 15, 20]. Also, dislocations and strains 

decrease with increasing annealing temperature. When the annealing temperature increasing 

from 300℃ to 400℃, the film grain size decreases and other parameters increased.  

 

 
Fig. 1. XRD patterns of SnS/ZnS thin films annealed at different temperatures: as-deposited, 100 

°C, 200 °C, 300 °C and 400 °C in air atmosphere 

 

From the SEM images shown in Fig. 4(a), the as-deposited SnS/ZnS films show uniform, 

continuous and dense microstructures. The grains consisted of several crystallites form the 

Cauliflower shape islands. With the increase of annealing temperatures the film growth proceeds 

through agglomeration of the islands. These islands later coalesce together to form the 

continuous film with further increase of temperature [20], leading to homogeneous close-packed 

surface, consisted of round shaped grains. The grain size corresponds to XRD results and 
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increased with increasing annealing temperature. Fig. 5, Shows the EDX spectra of the SnS/ZnS 

thin films, as-grown and annealed at 300 °C. The variation of the Sn to S and Zn to S atomic 

ratio with the annealing temperature was calculated from Fig. 5. The as-grown film is rich in 

sulfur and poor in tin and the atomic ratio of Sn:Zn:S is 0.4:0.98:1. After annealing, the S content 

decreased and makes Sn/S ratio stoichiometric. It's due to re-evaporation of sulfur and filling 

empty spaces with oxygen [17, 21]. The atomic ratio of Sn:Zn:S for annealed films at 300˚ C is 

1:1.2:1. 

 

Table 1.  Observed peaks and possible reflections for SnS/ZnS layers grown at different 

annealing temperatures. 

 

Annealing 

Temperature 
2θ d(A˚) reflections 

As-deposited 31.66 2.823 
SnS(301), SnS(130), SnS(113), 

ZnS(106) 

100 °C 

46.55 

32.59 

31.52 

1.950 

2.747 

2.837 

SnS(220), ZnS(1013) 

SnS(201), ZnS(105) 

SnS(200) 

200 °C 

46.38 

32.50 

29.02 

1.957 

2.754 

3.075 

SnS(022), SnS(006) 

SnS(201), ZnS(105) 

ZnS(103) 

300 °C 

46.49 

29.00 

31.52 

32.46 

1.951 

3.075 

2.835 

2.755 

SnS(220) 

ZnS(103) 

SnS(111), SnS(200) 

SnS(201), ZnS(105) 

400 °C 

46.45 

28.99 

28.79 

1.953 

3.079 

3.100 

SnS(220) 

ZnS(104) 

ZnS(103), ZnO 
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  Fig. 2. Dislocation and strain of SnS/ZnS thin films at different annealing temperature.     

 
Fig. 3. Grain size of SnS/ZnS films at different annealing temperature 
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Fig. 4. SEM of the SnS/ZnS thin films: a) as-grown and b) annealed at 300 °C 

 

 
 

Fig. 5. EDX spectra of the SnS/ZnS thin films annealed at 300 °C. Inset: EDX spectra of the as-

deposited SnS/ZnS thin films 

 

 

Optical Characterization 

Optical absorption spectra of the SnS/ZnS films were characterized and the optical absorption 

coefficient α could be evaluated using the following equation: 

ln( )
1

A
t

                                                                (4) 

where A is absorbance and t is film thickness. Fig. 6 shows absorption spectra of SnS/ZnS thin 

films versus annealing temperature. The combination of SnS and ZnS increased the absorption of 

(a) 

 
(b) 
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samples, compared with zinc sulfide spectra and includes a greater range of the visible spectrum. 

Absorption is in order of 10
5
cm

-1
 that expresses thin films is strong absorbance layer [16]. The 

absorption decreases with increasing annealing temperature [17]. At short wavelength, the 

annealed films at higher temperature, have lower absorbance, because when temperature 

increases, grain size and inter granular spaces increased and decreased absorbance (perhaps due 

to increasing transmittance). Absorption edge has blue shift with annealing and it's due to 

increasing of grain size [18,20]. 

The relation between the absorption coefficient α and the incident photon energy hν is given by 

Tauc equation [24], 

   2

gh k h E                                                                             (5) 

where h, is incident photon energy, k, is constant and Eg is the band gap energy.  

 

 

Table. 2. Band gap of SnS/ZnS thin films at different annealing temperature 

 

Annealing temperature (C) As-deposited 100 200 300 400 

Energy gap (eV) 2.64 2.69 2.76 3.03 3.17 

 

 
Fig. 6. Absorbance spectra of SnS/ZnS films as-deposited and annealed in the air atmosphere. 
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Fig. 7. Plot of (αhν)

2 
vs. hν for SnS/ZnS thin films prepared at different annealing temperature.    

 

Eg can be obtained from the graph of (αhν)
2
 versus hν, by extrapolating the liner portion of the 

plot (αhν)
2
 versus hν to α=0. Fig. 7. is (αhν)

2
 versus hν curve of the as-deposited and annealed 

SnS/ZnS film. For as-deposited film, the band gap is 2.64 eV is smaller than band gap of ZnS 

bulk. It's probably because the combination of two layers with different phases (orthorhombic tin 

sulfide and hexagonal zinc sulfide). The calculated band gap values of SnS/ZnS thin films 

increased with the annealing temperature as shown in Table. 2. This result can be demonstrated 

by the Burstein- moss effect and blue shift in absorption edge [20, 25]. 

Optical parameters such as refractive index (n), extinction coefficient (k) and dielectric constant 

(ε1,ε2) have been determined from transmittance measurements using Swanepoel equation [26], 
2 2 2 1 2( )n N N s                                                                       (6) 

2 1
2

2

s
N sT


                                                                          (7) 

max min

max min

T T
T

T T





                                                                             (8) 

where, s, is substrate refractive index. 

4
k




                                                                                            (9) 

Refractive index and extinction coefficient are shown in Fig. 8 and Fig. 9. With increasing 

temperature of annealing both decreased, when the crystalline quality is better and the crystallite 

size increased [12, 20, 25]. The lowest refractive index is for sample annealed at the temperature 

of 400 ̊ C and is 1.75 in 550 nm. Extinction coefficient is in order of 10
-1

. 
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Fig. 8. Refractive index of SnS/ZnS thin films vs. incident photon energy at different annealing 

temperature. 

.     

 

 
Fig. 9. extinction coefficient of SnS/ZnS thin films vs. incident photon energy at different 

annealing temperature 
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CONCLUSION 
SnS/ZnS thin films were deposited by vacuum evaporation method and then were annealed at 

a temperature of 100, 200, 300 and 400 ̊C. Samples have high absorption in the visible 

wavelength range and absorption coefficient was in order of 105 cm-1, that is suitable for 

solar cells. Annealing reduced the absorption, shifted absorption edge to short wavelength and 

increased energy gap, and could be due to increase in grain size and blue shift in absorption 

edge. XRD studies showed that the films have tin sulfide with orthorhombic structure and 

zinc sulfide in hexagonal structure, after annealing were polycrystalline and preferred 

orientation changed. Films surface are uniform, dense and round-shaped. After annealing the 

grain size, dislocation and strain, Sn/S ratio and Zn /S ratio , increased, decreased, increased 

and got stoichiometric at 300 ̊ C respectively.The observed annealing effects on optical band 

gap shows a increment from 2.64 eV to 3.17 eV. In addition , the annealing temperature of 

300 ̊ C, is optimum, for optical and structural properties of SnS/ZnS bilayer thin film. 
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