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 Thin film technology has helped offer an understanding of the 

crystalline structure of substances, further to the characteristics of 

electronic transitions and how they are used effectively in different 

applications.  This research, focused on the effect of the process of 

annealing on the structural and optical characteristics of tin sulfide 

(SnS) thin films. The technique of thermal evaporation was used to 

synthesize the film samples under a vacuum of about 10
–7

 mbar. The 

coated SnS thin films were annealed at 200 °C and the structural and 

optical characteristics parameters, such as absorbance and 

transmittance, as well as optical bandgap and band-tail energies in the 

range )300–1150( nm, were discussed. Under the influence of the 

annealing process, the average crystal size changed from 14 nm to 11 

nm. The energy gap value increased from 1.53 eV to 1.85 eV, while 

Urbach energy was seen to reduce from 0.913 eV for fabricated samples 

to be 0.824 eV after the annealing process.  
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1
 ,كهيت انعهىو ,جبيعت بببمقسى انفيضيبء 

2
 قسى انفيضيبء ,كهيت انخشبيت نهغهىو انصشفت ,جبيعت بببم

 ةـــلاصـــخ  ــــال  الكلمات المفتاحية:

 كبشيخيذ انقصذيش

 انخبخيش انحشاسي

 انخهذيٍ

، ببلإضابفت لناخ اصاب    نهًبدة في حقذيى فهى نهبُيت انبهىسيت حسبعذحقُيت الأغشيت انشقيقت  

حاثييش  حاى دساسات فاي ذازا انبحا .انخحىلاث الإنكخشوَيت وكيفيت اساخخذايهب بفعبنيات فاي انخقبيقابث

 انشقيقات.  (SnS) غشيت كبشيخياذ انقصاذيشلأعًهيت انخهذيٍ عهخ انخصب   انخشكيبيت وانبصشيت 

غ حاىانييبها ضاغظححاج  نخحضايش الاغشايتحى اسخخذاو حقُيت انخبخيش انحشاسي حي  
 7-

يهاي  01

  انخصاب    دساسات حًجدسجت يئىيت.  011عُذ  انًحضشةانشقيقت  SnSغشيت أببس ، وحى حهذيٍ 
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1. INTRODUCTION 

The IV–VI semiconductors groups serve a 

significant role  in the manufacture of 

photovoltaic devices due to their appropriate 

features. These include energy band gap, high 

optical transmittance, and control over electrical 

characteristics [1,2]. One of these promising 

material is Tin monosulfide (SnS) which have 

an appropriate optical characteristic for solar 

cells owing to the fact that the SnS has a direct 

band gap of around 1.3 eV, almost identical to 

the solar radiation optimal value and it has 

absorption coefficient if about 10
4
 cm

-1 
[3-5]. 

Several effectivetechniques were used in recent 

years to create SnS thin films, such as chemical 

bath deposition [6], pulsed laser deposition [7], 

SILAR [8], pulse electro-deposition [9], 

sputtering and electron beam evaporation [10]. 

Rodriguez et al., have coated SnS thin films at 

Ts=320–396 °C by spray pyrolysis deposition 

[11]. Zhao et al., were using a technique of 

atomic layer deposition to fabricate SnS film at 

temperatures between (80 and 200 )°C [12]. 

Hegde et al., used thermal evaporation to 

deposit tin sulfide onto glass substrates at 300 

°C followed by an annealing process at a range 

of temperatures from (100 to 300) °C for 2 

hours. The average particle size decreased from 

265 nm for as-prepared films to 132.8 nm for 

films annealed at 300°C [13]. Alagarasan et 

al., fabricated SnS films using vacuum thermal 

evaporation onto glass substrates at 10
−5

 Torr 

with various range of substrate temperatures 

ranging (50  to 200) °C with steps of 50 °C [14]. 

In this study,  SnS film was fabricated  with 

effective, low cost and large area coating using  

thermal evaporation technique and annealed at 

200°C.  

2. EXPERIMENT WORK  

   In this study, Tin Sulfide (   ) was 

observed as a powder from Zhengzhou dongyao 

nano materials Co. LTD/ China company, with 

nano grain size      , density 5   cm
3
, color 

white, and high purity 99.99 % was placed in a 

boat of tungsten in order to prepare tin 

sulphide΄s films via thermal evaporation. In this 

method, a solid substance is heated to its point 

of evaporation inside a high-vacuum chamber. 

The substrates are held inverted at the highest 

point of the chamber, and the material is placed 

at the bottom, quite on the inside of the boat. 

After the molecules have evaporated, they make 

their way from the boat to the substrate, where 

they nucleate to create a very thin coating [15]. 

Fig.1. represent the block diagram of thermal 

evaporation system. The glass substrate that was 

used for this work of type (citoplus glass) with 

dimensions (2.5×7.62) cm
2
 was placed away 

from the tungsten boat at 15 cm, and a rate of 

deposition around (0.3) nm·s
−1

 which represents 

the ratio of thickness to deposition time while 

the pressure was 1x10
–7

 mbar. The crystalline 

structure of the samples has been measured by 

utilizing a (Shimadzu-6000) X-ray 

diffractometer with Cu Kα (λ = 15,406˚A) 

radiation. The FESEM device made via (ARYA 

Electron Optic) company was used to examine 

the morphology of SnS film. In the range of 

wavelength 300 – 1200 nm wavelength, a UV-

Vis spectrometer (UV-1650 Shimadzu) was 

employed to measure optical characteristics as a 

function of wavelength. 

انبصااشي  انقبقااتشيت ، يثاام الايخصبةاايت وانُفبرياات ، ببلإضاابفت لنااخ ف ااىة انخشكيبياات و انبصاا

ظ نااىحَاابَىيخش. ححااج حااثييش عًهياات انخهااذيٍ ، (  0021لنااخ  011 )فااي َقااب  اوسبااب وطبقاابث 

 ) َبَىيخش ، وصادث قيًات ف اىة انقبقات ياٍ(  00لنخ  01)يٍ  في يعذل انح ى انحبيبي  َقصبٌ

فىناج انكخاشوٌ  1.900ًُاب اَخفضاج طبقات أوسباب  ياٍ بي،  ( انكخشوٌ فىنج 2..0لنخ   0.20

 .لنكخشوٌ فىنج بعذ عًهيت انخهذيٍ 01..1نهعيُبث انًصُعت لنخ 
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Fig. 1.  Thermal evaporation system [15]. 

3. RESULTS AND DISCUSSION  

Fig. 2. Displays the X-ray diffraction 

patterns of the prepared and annealed films at 

200°C for 2h. The figure depicted the poly-

crystalline structure of the synthesized films 

with (Orthorhombic) phase. The distinctive 

peaks of all SnS thin films have a high degree 

of concordance with conventional 

crystallographic data of (JCPDS #00-001-0984) 

and (JCPDS #01-079-2193. The preferable 

orientation was seen at 2Ѳ=28.547
o
 with 

another main sharp peak belonging to (003) and 

(102), planes at (2Ѳ=22.306° and 27.55°), 

respectively, as well as peaks with less intense 

at (2Ɵ=59.06 and  63.843) that belong to (025) 

and  

(008). From the Fig.(2b) there is a clear 

shifting in the direction of the prominent peaks, 

which may be caused by the release of intrinsic 

strain during annealing process [16]. 

    The crystallite size (G) of prepared 

samples can be obtained using the Scherrer 

equation [17,18]: 

  
    

       
                                          

Where G is the crystallite size (nm), k is 

constant with value 0.9, λ denoted to the X-ray  

wavelength (λ =1:54056 Å), β (rad) represented 

the full width at half maximum and θ 

symbolized the Bragg  angle . 

    The Williamson and Smallman's 

equation can be used to compute the dislocation 

density (δ), which represents the length of 

dislocation lines per unit of volume of the 

crystal [19,20]: 

    
 

  
                                               

The micro-strain (𝜀) of the SnS thin films 

was computed using  the following equation 

[21]. 

    𝜀  
     

 
                                 

The average crystallite size of the preferred 

orientations had decreased from 14 to 11 after 

the annealing process.    Micro-strain and 

dislocation density variation are inversely 

correlated with average crystalline size 

variation, where it has been reduced while 

micro-strain and dislocation density have 

increased as presented in Table (1), and this 

consequence is opposite to that obtained by R. 

Balakarthikeyan et al. [22]. 
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Fig. 2. XRD pattern of SnS/glass thin films : (a) as 

fabricated and (b) as annealed at Ta= 200
◦
C. 

Table (1): Structural parameters of SnS samples 

as growth and as annealed. 
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The morphology of SnS thin film can be 

seen in Fig. 3, where the cross-section of the 

film surface illustrates that the particles appear 

elongated onto the film surface are 

homogeneous, smooth, densely packed, and are 

pinhole-free. 

 

 

Fig.3. FESEM Images and cross-section of SnS 

nanofilms: (a) as deposited and (b) as annealed at 

200 ºC for 2 h. 

 

Fig.4.Illustrates the absorbance curves of 

as-fabricated and annealed SnS/glass thin films. 

The absorption edge was shifted toward the 

lower wavelengths (higher energies) after the 

annealing process  and the value of absorbance 

can be seen in the UV- region. This behavior is 

similar to that obtained by Tafti et al. when 

depositing SnS/CdS/glass thin films by the 

method of thermal evaporation and annealing at 

100 to 400 °C, especially at 200 °C [23]. 
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Fig. 4. Absorbance spectra of SnS/glass thin films 

:as fabricated and annealed at 200
◦
C. 

    Fig.5. SnS film spectrum of optical 

transmission (T%) displayed in range of the 

wavelength (300–0200) nm. For all films the 

average of transmittance T% was observed in 

the UV range and increases from 68% to 85% 

after annealing process and this consequence 

closed to obtained via researchers [24,25]. 

 

Fig.5.Transmittance spectrum of SnS/glass:as 

fabricated and as-annealed at 200◦C. 

Because of the quantum confinement 

effect, which is caused by minimizing the 

crystal size and the dimension of structure a ( 

blue shift)  can be seen in this case as well as 

increasing the transmittance of the thin film 

[26]. 

     The extinction coefficient represents the 

amount of light that lost by absorption and 

scattering per unit distance of the medium.  It 

can be assessed from the following relation 

[27,28] 

  
  

  
                                                   

Fig.6.Illustrates that the extinction 

coefficient gradually shifts toward the high 

energy with an increase in temperature via the 

process of annealing. 

 

Fig.6.: Extinction coefficient of SnS/glass: before 

and after the process of annealing. 

 Fig.7. Displays the direct energy band gap 

of SnS/glass nanofilms which can be estimated 

by Tauce formula [29,30]. 

            
                                               

  The fragmentation of larger grains, which 

resulted in a reduction in grain size, maybe the 

reason for the increase in the energy gap value 

that occurred after the annealing process, which 

went from 1.53 eV to 1.85 eV and the 

consequence behavior was nearly close to that 

obtained by the literatures (Reddy ) et al.,[31]. 
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Fig. 7.  Energy band gap of SnS/glass thin film 

as prepared and as-annealed at Ta= 200◦C. 

   The empirical Urbachʹs formula was 

utilized to estimate the Urbach energy tailing 

(Eu) of the absorption edge of SnS  as follows 

[32,33]. 

        
   

  
    [

    

   
]
  

             

 where α denoted to the absorption 

coefficient ˛αois a constant, and  EU 

characterizes the Urbach energy. 

    SnS thin film samples that have been 

deposited and annealed have Urbach energies 

(EU) of 0.913 eV and 0.824 eV, respectively. As 

the energy band gap widens as previously 

revealed, Urbach energy reduced after the 

annealing process as shown in Fig.8. which may 

be caused by a decrease in localized states in the 

band gap, this behavior  is similar to that gotten 

by Kherchachi et al.,  [34]. 

 

Fig.8. Urbach of SnS/glass thin film: (a)as deposited 

and (b)as-annealed at Ta= 200◦C. 

    The following formulae can be applied to 

determine the volume (VELF) and surface 

energy loss functions (SELF), which 

characterize the energy lost as electrons move 

within a material or across its surface. [35,36]: 

     
𝜀 

 𝜀       𝜀 
                           

     
𝜀 

𝜀   𝜀 
                                          

Where real and imaginary portions of the 

dielectric constant are denoted by (εr) and (εi).  

As seen in Fig.9. the absorption edge has moved 

towards a higher energy after annealing, 

whereas VELF has shifted towards a lower 

energy. 
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Fig. 9.: (a) SELF and (b) VELF of SnS Thin films. 

 

4. CONCLUSIONS  

     In this paper, thermal evaporation 

technique was utilized to deposit SnS thin films 

onto a glass substrate and annealed at 

temperatures of 200 
o
C. The X-ray diffraction 

measurement reveals that SnS films have an 

orthorhombic phase with polycrystalline 

structure and there is a reduction in average 

crystal size after the annealing process. Image 

of FESEM shows the morphology of SnS thin 

film appears relatively plated regularly and has 

uniform distribution. The optical transmission 

of the coating samples is greater than 85% in 

the visible spectrum, and the energy band gap 

was increased from 1.53 eV to 1.85 eV after the 

annealing process while Urbach energy 

decreased. In light of the results, it's possible to 

conclude that the SnS thin films characteristics 

are appropriate for use in solar cells 
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