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ABSTRACT 

 Tin mono sulfide (SnS) thin film is deposited onto micro glass substrates using Nebulized spray pyrolysis 

technique at a substrate temperature of 275˚C. The structural, electrical and optical properties of the film are 

determined using X-ray diffraction (XRD), four probe method and Luminescence spectrometer. The XRD results 

revealed that the SnS thin film was polycrystalline in nature with an orthorhombic structure. The crystalline size, 

lattice parameters and dislocation density of the film are also calculated. The resistivity of the as prepared film was 

calculated to be 31.5Ωcm. The activation energy was calculated to be 0.04eV. Optical band gap of the film was 

found to be 2.08eV.The results show that nebulized spray pyrolysis technique can produce SnS thin film with 

optical and electrical properties that may be suitable for solar cell applications. 
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1. INTRODUCTION  

Tin mono sulfide is a IV-VI compound semiconductor with layered orthorhombic structure. It is a 

promising material for low-cost photovoltaic conversion of solar energy because it usually exhibits P-type 

conductivity and room temperature band gap reported to be 1.30 eV. Both Sn and S are cheap, abundant and 

nontoxic in nature. Thus it has potential use in the fabrication of various devices such as holographic recording 

systems, solar collectors and solar photovoltaic cells. There are many methods for preparing SnS film, such as 

vacuum evaporation, chemical deposition, spray pyrolysis, and molecular beam epitaxy.  Amongst these deposition 

methods the nebulized spray pyrolysis technique is very easy, low cost, safe and cheap. The advantage of nebulized 

spray pyrolysis over conventional pneumatic spraying is its low material consumption with better gas flow, which 

allows the deposition of very thin layers of uniform thickness. 

In the present study, the structure, electrical and optical properties of SnS thin film prepared by Nebulized 

spray pyrolysis technique was investigated. 

 

2. MATERIALS AND METHODS 

Nebulized spray pyrolysis setup consists of a nebulized unit, temperature control unit and a compressor 

unit. A nebulizer unit, which is actually utilized to spray the medicine through mouth to provide comfort to the 

asthma patients, was used in the present study to spray mist like particles of precursor solution to the preheated 

substrates. The temperature of the glass substrate was maintained at Ts=275˚C. The size of the micro glass substrate 

used was 2.5x 2.5 cm2. Compressed air (oxygen) was taken as a carrier gas. The amount of solution taken was 10 

ml per sample. The precursor solution (SnCl4&SC (NH₂)₂) containing Sn and S sources was coated on the substrate 

with 1:1 molar ratio. When the compressed air was passed through the nebulized unit, the precursor solution 

travelled through a tube in order to spray fine particles on the glass substrate. The structural properties were 

analyzed by XPERT-PRO x- ray diffractometer    (CuKα – λ = 1.5405 Ao) in which x-ray diffraction  patterns were 

scanned and recorded in 2θ interval from 10 to 70o with the step of 0.05o at room temperature. Luminescence 

spectrometer LS45 Perkin Elmer make was used to observe the emission spectra of the films measured in the 

wavelength range 400 nm to 800 nm. The electrical properties were analyzed by four probe method. 

 

3. RESULTS AND DISCUSSION 

The x-ray diffraction profile of SnS thin film by nebulized spray pyrolysis technique is shown in Fig.1. 

The diffraction of the film found at 2θ = 26.7, 34.02 and 51.8 degrees respectively corresponding to the reflection 

from (210), (211) and (610) planes conforming that the polycrystalline nature of the film. All the diffraction peaks 

were in good agreement with original JCPDS data. The compared result of d-spacing values with the JCPDS data 

was tabulated in Table-1. (210) plane was identified as preferential orientation. N. Kotesswara Reddy et al also had 

obtained the same orthorhombic structured SnS thin film using spray pyrolysis technique. E. Guneri et al had 

reported the same preferred orientation (210) peak as in the present study. The d-spacing corresponding to all the 

peaks are determined and tabulated. 
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Fig.1.X-ray diffraction pattern of SnS film  Table.1.Comparison of d values and relative intensities  

                              with literature 
The structural parameters of SnS thin film deposited at a substrate temperature of 275 ˚C was calculated 

and analyzed.  The grain size (D) of the film was calculated from FWHM of all the diffraction peaks using Debye 

Scherrer formula       D   = 0.9 λ / βcosθ 

Where λ is the wavelength of x-ray (1.5406Ao), β is the full width at half-maximum value (FWHM) and θ 

is the Bragg’s angle. The average value of D was found to be 12.35 nm.  

The strain (ε) in the sample was determined using the formula   ε = βcosθ / 4, and the value was found to be 0.0031. 

The dislocation density (δ) of the film was determined using the equation  δ = 1/D2   lines / unit area, and average 

value found to be 8.07 x 1015 lines/ m2. 

Since the amount of defects in a crystal could be found by measuring δ value and the results confirmed that 

SnS thin film was with good crystallinity. This predicts that less amount of defects could be obtain using nebulized 

spray pyrolysis technique. 

Fig.2. shows the Photoluminescence emission spectrum of the sample which was observed. From the PL 

spectrum the emission peak was observed at 596.5 nm. As mentioned earlier, SnS thin film prepared by wet 

chemical method showed a direct band gap of 1.79 eV due to smaller grain size in order of 57 nm.  Band gap 

increases with decrease in grain size.   In this work, the band gap value was found to be 2.08 eV due to lesser 

average value of grain size of 12.35nm comparing to the previous report. 
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Fig.2. Photoluminescence spectra of SnS thin film       Fig.3. Electrical resistivity Vs Inverse of   

                                                              temperature of SnS thin film 

 

It was found that the deposited film had p-type conductivity and its resistivity was found to be 31.5Ωcm 

from the Four probe measurements as reported earlier. The electrical resistivity as a function of inverse temperature 

for as deposited SnS film was given in Fig.3.The activation energy value is one of the most important electrical 

parameters for materials and is dependent on the film thickness, deposition technique and the film composition. 

From the slope of this curve activation energy was determined and found to be 0.04eV. 

 

 

 

Observed SnS(JCPDS file -65-2610) 

d values(Ao) I/I0 d values(Ao) (hkl) 

3.3402 100 3.3057 210 

2.6334 - 2.6297 211 

1.7639 - 1.7662 610 
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4. CONCLUSION  

 Tin mono sulfide (SnS) thin film was prepared on micro glass substrate at Ts=275 ˚C by nebulized spray 

pyrolysis technique. The XRD results revealed that the as prepared film had Orthorhombic crystal structure with 

preferential orientation along (210) plane. The structural parameters had been found using x-ray diffraction studies. 

The band gap value of 2.08 eV was found using luminescence spectrometer. The resistivity and activation energy 

of the film were also determined. All the results confirmed that the film deposited at the substrate temperature of    

275 ˚C could be used in solar cell applications. 
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