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Abstract 
 

SnS semiconductor thin film of 0.20, 0.25, 0.30, 0.35, 0.40 μm were deposited using aerosol assisted chemical vapour deposition (AACV) 

on glass substrates and were investigated for use in a field effect transistor. Profilometry, X-ray diffraction, Scanning electron micro-

scope and Energy dispersive X-ray spectroscopy were used to characterise the structural and microstructural properties of the SnS semi-

conductor. The SnS thin film was found to initially consist of a single crystal at thickness of 0.20 to 0.25μm after which it becomes poly-

crystalline with an orthorhombic crystal structure consisting of Sn and S elements whose composition varied with increase in thickness. 

The SnS film of 0.4 μm thickness shows a more uniform grain distribution and growth with a crystal size of 60.57 nm and grain  size of 

130.31 nm signifying an optimum for the as deposited SnS films as the larger grains reduces the number of grain boundaries and charge 

trap density hence allowing charge carriers to move freely in the lattice thereby causing a reduction in resistivity, increase in conductivity 

of the films and enhanced energy band gap which are essentially parameters for a semiconductor material for application in a field effect 

transistor. 
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1. Introduction 

Field effect transistors are unipolar three terminal solid state devices employing only the majority charge carriers in the conduction re-

gion. The operation of a field effect transistor at a low operating voltage and high carrier concentration is dependent on the choice of 

semiconductor channel layer material and the gate dielectric among other parameters. This is due to the dependence of the threshold volt-

age (Vth) (voltage required in switching a transistor) and the minimum gate to source voltage differential needed to create a conducting 

path between the source electrode and the drain electrode on the semiconductor channel material [1].  

However, metal oxides, nitrides, carbon nanotubes and organic semiconductor materials have been the only materials that have been 

widely applied as semiconductor channel layer of field effect transistor. Therefore, the application of other classes of semiconductor 

solids has become one of the emerging interests for novel electronic phenomena which is essential for the achievement and development 

of new device applications and tuning of semiconducting properties of materials [2]. The essential factors that are often considered in the 

investigation of a semiconductor material for transistor application include the presence of suitable band gap energy, high electrical con-

ductivity, ability to deposit the material using a low cost technique and the abundance of the elements in nature all of which are function 

of the structural and microstructural properties of the semiconductor material [3]. 

Metal chalcogenides such as Tin (II) sulphide (SnS) and metal dichalcogenides such as Tin (IV) sulphide (SnS2) are of interest as poten-

tial candidates for the semiconductor channel of field effect transistor. These materials have also been reported for use in so-

lar cells, photoconductive materials, thermoelectric materials and rewritable memory. SnS is abundance in the earth’s crust with an ortho-

rhombic structure, it does not contain any toxic or expensive elements; it is a p type semiconducting material with carrier concentration 

on the order of 1016cm-3, hole mobility of 1.4 cm2V-1s-1 among other parameter [4-5]. SnS thin film is relatively unexplored for applica-

tion in a field effect transistor, as literatures pertaining to the application of SnS as semiconductor or transport channel of a field effect 

transistor is relatively scanty. 

Hence in light of these properties of SnS thin film it could be investigated for the feasibility usage of the chalcogenides as semiconductor 

transport channel of a field effect transistor and to determine the optimum deposition parameters that will give suitable properties for its 

usage since the SnS thin film has been rarely reported for use as a semiconductor in a field effect transistor. Since the semiconductor 

thickness can be tuned to achieve desired semiconductor properties, it is chosen as a parameter of interest. The investigation and control 

of film thickness is important in semiconductor processing as the film thickness influences the surface crystallinity, crystallite size and 

http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJPR


International Journal of Physical Research 27 

 
grain size and grain boundary distribution which are essential in defining the electrical and optical band gap of a semiconductor material. 

The effect of thin film thickness on semiconductor material properties depends also on the method of deposition while the different thin 

film transistor fabrication methods requires different and specific optimum semiconductor thickness for its ideal operation and easy re-

producibility [6]. The deposition method of interest in the study is the aerosol assisted chemical vapour deposition (AACVD). AACVD 

offers the competitive advantage of usage of less-volatile precursors, thus widening the types of molecules that can be used 

to deposit thin films. 

A thickness range of 0.20-0.40 μm was selected from the average values and method of thickness variation obtained in literatures for the 

semiconductors applied in the fabrication of a field effect transistor. Preliminary deposition and profilometry was carried out to deter-

mine the starting precursor concentrations to achieve the thickness range and also the substrate temperature to use. Hence the study fo-

cuses on the structural and microstructural study of SnS thin film semiconductor material of 0.2< t ≤ 0.4 μm thickness for application in 

a field effect transistor 

2. Experimental procedure 

Soda lime glass substrates were cleaned using the cleaning methods described as follows: a. the substrates were washed in sodium lauryl 

sulphate (SLS) solution to remove oil and protein. b. to remove the organic contaminants, the substrates were immersed in piranha solu-

tion (H2SO4: H2O2 (3:1)) for 30 minutes. c. the substrates were then ultrasonically cleaned in distilled water using a sonicator and kept in 

methanol until it is ready to be used. d. Finally, to use the substrate for deposition process, the substrate were taken from the methanol 

and dried in air at 150℃. The SnS semiconductor thin films of varying thickness were each deposited using 0.1 M Tin chloride dehy-

drates and 0.2 M of Thiourea which were weighed in stoichiometric proportion and dissolve in ethanol solvent. The two solutions were 

then mixed and stirred for 1 hour using a magnetic stirrer at room temperature and then deposited on the substrate by aerosol assisted 

chemical vapour deposition (AACVD) at a constant substrate temperature of 258 ℃, nozzle distance of 6.8 mm, substrate to nozzle dis-

tance of 3 cm, spray volume of 0.2 mL and spray rate of 0.04 ml/min. Five samples of SnS thin films were deposited at thickness of 0.4 

μm, 0.35 μm, 0.30 μm, 0.25 μm and 0.20 μm (Labelled as Sample 2, Sample 3, Sample 4, Sample 5 and Sample 6) which was achieved 

by keeping the initial concentration of the SnS precursors constant using 1 ml of the precursor while varying the concentration of the 

ethanol solvent through 0 ml, 0.5 ml, 1.0 ml, 1.5 ml, and 2.0 ml. The as deposited film samples were allowed to cool to room temperature 

after which they were placed in petri dishes before undergoing film characterisation as follows:  

2.1. Structural characterisation of SnS thin film semiconductor 

i) X ray diffraction (XRD) 

The crystal phase and other structural parameters analysis were carried out at room temperature using an X-ray diffractrometer (D8 Ad-

vance, Bruker AXS, 40Kv, 40 mA) with monochromatic CuKα (λ=1.540598 Å) over a scan mode of step size 0.034˚ and counts accumu-

lated for 192.1 s at each step for 2θ ranging from 20˚ to 80˚. The XRD diffractogram was obtained using Origin Pro 2018 software with 

the FWHM for the peaks estimated using a Gaussian function. Results were analysed with the scientific graphing analysis software and 

phase identification was done using the inorganic crystal structure data (ICSD) pattern [7] after which the crystallite size, inter atomic 

spacing (d-spacing), lattice parameter, dislocation density and micro strain were calculated and analysed using appropriate equations 

/relations. 

a) Lattice Parameter 

The lattice parameters a, b and c value for the orthorhombic crystallographic system of Tin (II) sulphide thin film was calculated from the 

observed values of 2θ using d values (interplaner spacing) for the orthorhombic structure [12]: 

 

 1
d2

hkl
⁄ = h2

a2⁄ + k2

b2⁄ +l2

c2⁄                                                                                                                                                                   (1) 

 

Where d is the space between lattice planes and h k l are the miller indices. 

b) d-Spacing 

The atomic spacing parameter d was estimated from the Bragg’s equation [9]: 

 

2d sin θ = nλ                                                                                                                                                                                                   (2) 

 

 d =
λ

2sinϴ
                                                                                                                                                                                                       (3) 

 

Where n=1, λ=1.5406A0 

c) Crystallite Size 

The average crystallite size of the film was calculated using Debye Scherer’s formula [9]: Crystallite size (D) =
Kλ

βCosθ
 , which can also be 

written as 

 

D = 
0.9λ

βcosθ
                                                                                                                                                                                                        (4) 

 

Where β = full width at half maximum (FWHM), θ = diffraction angle, k = Shape factor and λ = wavelength of the X-rays (1.5406 Å) 

and D= crystallite size respectively. 

d) Dislocation Density δ 

Dislocation density δ was estimated using [10]: 

 

δ = 
1

D2                                                                                                                                                                                                              (5) 

 

Where D is the grain size of the film 



28 International Journal of Physical Research 

 
e) Micro Strain ε 

The micro-strain ε was estimated using the equation [11] (Where β = FWHM): 

 

ε = 
β

4tanϴ
                                                                                                                                                                                                         (6) 

 

f) Texture Coefficient 

Quantitative information about the preferential crystallite orientation of the SnS thin films were obtained from the texture coefficient 

(TC) [12-13]: 

 

TC = 
I Io⁄

(1
N⁄ ) ∑ (I

Io
⁄ )N

                                                                                                                                                                                          (7) 

 

Where: I is the measured intensity of the intense peak in the XRD spectrum, Io is the intensity for completely random sample or the 

standard intensity of the hkl plane taken from the JCPDS 00-039-0354 card and N is the number of reflections considered in the analysis. 

2.2. Scanning electron microscopy (SEM)/energy dispersive spectroscopy (EDS) 

The morphology and the microstructure of the SnS thin film was characterized using High Resolution Scanning Electron Microscopy 

(HR-SEM, Zeiss) while the elemental composition of the films were determined by an Energy dispersive X-ray spectroscopy (EDS; Ox-

ford instrument). The instrument was operated at a voltage of 20 kV while the images were captured at 5 kV. Average grain size and 

grain size distribution histogram was obtained using imagej software. 

2.3. Surface profilometry 

A Profilometry (VEECO DEKTAK 150) was used to carry out measurement of the thickness of the deposited films. 

3. Results and discussion 

3.1. Surface profilometry and physical properties 

The thickness of the as deposited SnS thin films as obtained from surface profilometry are 0.20 μm, 0.25 μm, 0.30 μm, 0.35 μm and 0.40 

μm. The deposited films were smooth and strongly adherent to the surface of the substrate. A colour change was observed with increase 

in film thickness from 0.20 μm to 0.40 μm. The colour changed from pale yellow to gray via brown with the increase of film thickness. 

The SnS films grown at lower thickness of 0.20 μm, 0.25 μm, and 0.30 μm were more transparent than the films grown with thickness of 

0.35 μm and 0.40 μm. Fig 1, shows the as deposited SnS thin films of 0.20 μm, 0.25 μm, 0.30 μm, 0.35 μm and 0.40 μm thickness. 

 

 
Fig. 1: Shows the As Deposited SnS Thin Films of 0.20 μm, 0.25 μm, 0.30 μm, 0.35 μm and 0.40 μm Thickness. 

3.2. Compositional analysis of as deposited SnS thin films (0.2 to 0.4 μm thickness) 

Fig 2(a-e) shows the EDX spectrum of the as deposited SnS thin film at thickness of 0.2, 0.25, 0.30, 0.35 and 0.45 μm which reveals that 

the films are made up of Sn and S elements. Negligible amount of other elements were also observed which could be attributed to the 

composition of the soda lime glass substrate. These elements include Sodium (Na), Calcium (Ca), Silicon (Si) and Chlorine (CI). The 

elemental composition of the SnS films in terms of atomic percent (%) is shown in Table 1 while the variation of Sn/S ratio with film 

thickness is shown in Fig 3. 
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Fig. 2: (A-E): EDS Spectrum of the SnS Thin Films of 0.20 μm, 0.25 μm, 0.30 μm, 0.35 μm and 0.40 μm Thickness. 

 
Table 1: As Deposited SnS Thin Film Composition in Terms of Atomic Percent 

Thickness (nm) Sn (at. %) S (at. %) Sn/S at ratio SnS (Total) 

0.20 
0.25 

55.57 
56.44 

44.43 
43.56 

0.80 
0.77 

100 
100 

0.30 59.52 40.48 0.68 100 

0.35 62.50 37.50 0.60 100 
0.40 63.60 36.40 0.57 100 
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Fig. 3: Sn/S Atomic Percent (at. %) Ratio as a Function of Film Thickness. 

 

From table 1, the sulphur content was observed to increase with increase in film thickness. 0.2 to 0.30 μm film thickness possess lower 

sulphur content as compared to 0.35 to 0.40 μm higher film thickness. For a film of varying thickness deposited by chemical vapour dep-

osition on a substrate, the substrate temperature is of interest in the formation and determination of the composition of the film as it en-

hances the kinetics of the film formation. A constant substrate temperature of 258 ℃ was used for the deposition of all the SnS thin film. 

Sn/S ratio was observed to slightly decrease with increase in SnS film thickness which correlates with the report of [3, 14]. The AACVD 

deposition method employed involves chemical reactions with precursors,  mostly r e a c t i n g  components undergoing reaction at the 

substrate surface or in the vicinity of the substrate. As a result the evaporated sulphur and tin atoms reaches the substrate surface with 

different velocities and energies due to their different vapour pressures. Since Sulphur tends to have a greater vapour pressure compared 

to tin, more of the sulphur atoms will arrive on the substrate than tin as observed in table 1. Some of the S atoms are scattered back on 

arrival at the substrate surface which could be attributed to adatom mobility, lower sticking coefficient or heat radiant effect between the 

substrate surface and the deposited SnS thin film hence resulting in lower sulphur content or a large deficiency at lower thickness as 

compared to higher thickness. The effect however reduces at higher thickness as a result of reduction in scattering loss due to a decrease 

in heat gradient with the formation of clusters of SnS crystallites at higher thickness and correlates with the findings of [15].  

3.3. X-ray diffraction (XRD) analysis 

Fig 4 shows the XRD pattern of SnS thin films of 0.20 μm, 0.25 μm, 0.30 μm, 0.35 μm and 0.40 μm thickness. 

 

 
Fig. 4: XRD Pattern for SnS Thin Films of 0.20 μm, 0.25 μm, 0.30 μm, 0.35 μm and 0.40 μm Thickness. 

 

The XRD spectrum scan over the range of 20° ≤ 2ϴ≤ 80° of the SnS films grown at 0.2, 0.25, 0.30, 0.35 and 0.40 μm is shown in Fig 4. 

The observed peaks for all the films have been analysed and indexed using standard pattern for the mineral herzenbergite with ortho-

rhombic structured SnS (JCPDS PDF card 39-0354). The analysis of the XRD pattern of the film indicates formation of a poorly crystal-

line films due to the formation of few peaks. The films grown at lower thickness of 0.2 and 0.25 μm showed only one peak at 2ϴ approx-

imately 31.7 ° diffracted along the (040) plane which appears like a single crystal in nature or a single broad poorly defined crystalline 

peak with other peaks been totally suppressed which could be attributed to short range ordering among the film atoms at the thickness 

range. The absence of peaks at 0.20 and 0.25 μm thickness suggest a poor crystalline or nearly amorphous nature of the SnS thin film at 

these thickness which is peculiar to chalcogenides grown at room temperature [14.16]. However, the SnS thin films of 0.30, 0.35 and 

0.40 μm thickness exhibited few peaks at 2ϴ approximately 31.7 ° and 66.6 ° diffracted along the (040) and (080) plane respectively 

which could signify that atomic ordering increases with increase in film thickness. The films tend to have a preferred orientation along 

the (040) plane. There is no variation in peak position with increase in thickness; but there is increase in intensity with increase in film 

thickness. The broad peak situated at a small diffraction angle is specific to the amorphous or poorly crystalline network, increase in the 

thin film thickness improves crystallinity and the peaks become more intense and narrower. 
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3.3.1. D spacing 

The observed d spacing as compared to the standard d spacing is shown in table 2 

 
Table 2: Observed and Standard D Spacing for Varied SnS Thin Film Thickness 

S/n Film thickness (μm) 2ϴ Observed D spacing (°A) Standard D spacing (°A) 

1 0.20 31.70270 2.8201 2.8000 
2 0.25 31.70273 2.8201 2.8000 

3 0.30 31.75743 2.8154 2.8000 

4 0.35 31.74203 2.8167 2.8000 
5 0.40 31.73912 2.8170 2.8000 

 

A slight difference occurs in the values of the observed d spacing as compared to the standard d spacing which could be attributed to the 

presence of unit cell volume contraction that might signify the presence of strain in the films 

3.3.2. Texture coefficient 

The calculated texture coefficient values of the five samples is given in table 3. 

 
Table 3: Calculated Texture Coefficient for the Varied SnS Thin Films Thickness 

S/N  Thickness Μm  
                   Texture coefficient (TC)  
TC (040)                                                       TC(080)  

1 0.20 1.00   _   

2 0.25 1.00  _   
3 0.30 1.16  0.84   

4 0.35 1.22  0.78   

5 0.40 1.25  0.75   

 

The value obtained shows that all the TC values of (040) plane of SnS thin film component are larger than 1 which indicates that all the 

SnS films are polycrystalline with preferred orientation along the (040) plane which denotes that the number of grains along this plane is 

more than that on the other planes [12], [13], [17] and the degree of preferential orientation (DPO) increased with increase in thickness.  

The summarised structural parameters of the films is given in table 4 while Fig 5 shows the variation of average crystallite size with 

thickness. The parameters were calculated along the preferred orientation defined by the texture coefficient 

 
Table 4: Summary of Calculated Structural Parameters for 0.2, 0.25, 0.30, 0.35 and 0.4 μm SnS Thin Film Thickness 

S/n Thickness (μm) 
Full width half maximum 

𝛃 (°) 
2ϴ (°) 

Grain size D 

(nm) 

Dislocation density𝛅 × 𝟏𝟎𝟏𝟒 

(Lines/𝐦𝟐) 

Micro strain 

× 𝟏𝟎−𝟒 

1 0.40 0.13633 31.73912 60.57 2.73 5.72 

2 0.35 0.13935 31.74203 59.26 2.85 5.84 
3 0.30 0.14260 31.75743 57.94 2.98 5.99 

4 0.25 0.14629 31.70273 56.44 3.14 6.13 

5 0.20 0.15030 31.70270 54.94 3.31 6.30 

 

 
Fig. 5: Composite Variation of Average Crystallite Size with Thickness. 

 

The average crystallite size was calculated using the full width at half maximum of the most preferred orientation (040) which is also the 

most intense peak by the Scherer formula. The average crystallite size was found to increase with increase in thickness of the films. In-

crease in thickness enhances the presence of several grown atomic layers thereby creating gain in thermal energy which facilitates their 

restructuring leading to enlargement of crystal size and the reduction of crystal defects. From table 2, the decrease of full width at half 

maxima (FWHM) with increase in film thickness reflects the decrease in number of lattice imperfections in the deposited SnS thin film 

due to significant decrease in the internal micro strain in the film.  

The average crystallite size of the films increased from 54.4 nm to 60.57 nm with increase in film thickness from 0.2 to 0.40 μm. The 

low value of 54.4 nm for the lower thickness of 0.2 μm could be attributed to reduction in growth of deposited atoms due to reduction in 

the formation of nuclides as a result of inadequacy of material for film formation and bonding between the nuclides and substrate surface 

which could restricts in-part the mobility of deposited growth atoms. However the formation of nuclide tends to increase with increase in 

SnS film thickness with a reduction in the interactions between the substrate surface and the deposited film layer, hence leading to the 

merging of smaller crystallites into larger ones as a result of potential energy difference between small and large particles [14, 18].  

Poor crystallinity in the thinner films of 0.2 to 0.25 μm could also be associated with an incomplete growth of the crystallites as only few 

atomic layers of disordered atoms constitute the bulk of the SnS film at lower thickness while for thicker films there are growth of sever-
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al atomic layers which results in gain in thermal energy that could enhance their restructuring for enlargement of crystal size and reduc-

tion of crystal defect. Increase in film thickness enhances increase in crystallite size due to formation of larger grains on the surface of 

smaller grains.  

Furthermore, the mechanism of thin film crystal growth assumes that the growing faces of crystallites often corresponds to the crystal 

shape at equilibrium and are determined by the crystal orientation [19]. As a result a thin film growth competition often arises among 

neighbouring crystals in line with their respective growth orientation so as to enhance the growth of faster crystals over the slower ones 

which signifies a selection of film orientation so as to encourage enhanced growth texture thereby increasing the crystallinity of the de-

posited films with increase in thickness of films from 0.2 μm to thicker films of 0.40 μm. The 0.40 μm thickness has the largest crystal-

lite size and hence could exhibit the most crystallinity. 

3.3.3. Dislocation density and micro strain 

Fig 6 and Fig 7 shows the composite variation of dislocation density with thickness and the composite variation of micro strain with 

thickness. 

 

 
Fig. 6: Composite of Dislocation Density as A Function of Thickness. 

 

 
Fig. 7: Composite of Micro Stain as A Function of Thickness. 

 

There is a decrease in micro strain and dislocation density with increase in film thickness from Fig 6 and 7. The decrease could be at-

tributed to the release of stress in the films by simultaneous annealing during deposition of the films leading to improvement in the crys-

tallinity of the films with increase in thickness [20]. The decrease could also be attributed to reduction in the inter-planar spacing which 

reduces the irregularity in the planar stacking sequence of atoms in the films hence increasing the crystallinity of the deposited films with 

increase in film thickness. 

3.4. Scanning electron microscopy (SEM) 

The surface morphology of the as deposited SnS thin films of 0.2, 0.25, 0.30, 0.35 and 0.40 μm thickness as examined with SEM is 

shown in Fig 8 (a-e). The average grain size of the SnS thin films were calculated using imageJ software [21]. Otsu’s thresholding meth-

od and particle analysis [22] was used after which statistical analysis of the data was made with histogram generated to study the grain 

distribution and average grain size determine from the average particle size assuming round/spherical particles as confirmed by the anal-

ysis. The particle analyser was configured in a size range of 0 nm2 to infinity in other to allow for coverage of smaller particles. 

The SnS films of 0.2 to 0.40μm thickness exhibited two distinguishable microstructural features consisting of a portion of agglomerates 

and some defined spherical grains. The agglomerates increases for films of 0.2 to 0.30 μm thickness after which it decreases for films of 

0.35 to 0.40 μm thickness leading to a more defined grain structure and growth for the films of 0.40 μm thickness. The SnS films of 0.2 

to 0.30 μm thickness exhibited a non-uniformly distributed grain sizes. No visible crack or hole was observed as the films were randomly 

directed on the surface of the SnS films. As the thickness increases, the deposited SnS thin film tends to have a porous and uneven grain 
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growth leading to an uneven film surface and poor surface morphology of the deposited films. With increase in SnS film thickness to 

0.35 and 0.40 μm, the films contain more uniform and tightly bonded grains with the most improved grain and crystal structure been at 

the thickness of 0.40 μm.  

Furthermore with increase in film thickness, the deeper layers of film atoms are subjected to stronger interatomic forces to form a com-

pact structure, while for a thinner film the atoms near the surface are subjected to weaker interatomic forces to form a loosely packed 

structure.  

 
(A) (B) 

  
  

(C) (D) 

  
  

(E) 

 
Fig. 8: (A-E). The Surface Morphology of the as Deposited SnS Thin Films of 0.2, 0.25, 0.30, 0.35 and 0.40 μm Thickness. 

 

The grain size distribution histogram plot for SnS samples of 0.2, 0.25, 0.30, 0.35 and 0.40 μm thickness is shown in Fig 9 while the 

composite average grain size plot for 0.2, 0.25, 0.30, 0.35 and 0.40 μm thickness is shown in Fig 10. 
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Fig. 9: Grain Size Histogram Plot for Sns Samples of 0.20, 0.25, 0.30, 0.35 and 0.40μm. 

 

From Fig 9, the histogram shows a non-uniform grain concentration and distribution at grain size range of 0.0 to 100 nm for all the as-

deposited SnS thin films. The grain size distribution at 0.0 to 100 nm is larger than that of 100 to 400 nm range. A preferred grain distri-

bution and growth defining factor or pattern exist at 100 nm for all the films which could be related to the preferred crystal growth orien-

tation earlier defined by the XRD results. The preferred grain distribution increases with increase in film thickness, with the most promi-

nent distribution at the film of 0.4 μm thickness. The increase in grain distribution from 0 to 100 nm range is followed by a decrease from 

100 to 400 nm for the 0.4 μm thickness which could be attributed to initialisation of grain stability and uniformity at the range of 250 to 

400 nm. The absence of grain at 300 nm within the range of 250 to 400 nm of the 0.4 μm thickness could be attributed to grain boundary 

effect or the presence of crystal defect. The as-deposited 0.4 μm thickness shows a more uniform grain distribution and growth which 

could signify an optimum for the as deposited SnS films as the larger grains could reduce the number of grain boundaries and charge trap 

density hence allowing charge carriers to move freely in the lattice thereby causing a reduction in resistivity and increase in conductivity 

of the films. 

Fig 10 shows that the average grain size which is as labelled on each column increases with increase in film thickness. 

 

 
Fig. 10: Composite Average Grain Size Plot for 0.20, 0.25, 0.30, 0.35 and 0.40μm SnS Thin Film Thickness. 
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As judged from the XRD results, increase in thickness of SnS films from 0.30 to 0.40 μm leads to formation of polycrystalline films. The 

polycrystalline thin films consist of crystallites joined together by the grain boundaries [23]. The grain boundary regions are disordered 

regions, characterized by the presence of a large number of defect states due to incomplete atomic bonding or departure from stoichi-

ometry for compound semiconductors which serve as carrier traps with a density dependent on the film thickness. Increase in SnS film 

thickness could necessitate the growth of smaller grains into larger grains which due to the coalescence of small grains into bigger grains 

with an evident improvement in the film grain size which are more densely packed leading to  the reduction in  gra in boundaries 

and potential barrier thereby produces changes in the structure and phase of the films which will in essence affects electrical conductiv-

ity and the energy band gap of the SnS thin film which are important parameters in the usage of SnS as a semiconductor channel layer 

hence buttressing the choice of 0.4 μm thickness as optimum for use as a semiconductor channel layer in a transistor. The larger grain 

sizes could enhance reduction in  gra in boundaries and potential barrier there by releasing charge carriers that were trap so as to 

further enhance carrier conductivity. 

4. Conclusion 

The SnS thin film semiconductors of 0.20, 0.25, 0.30, 0.35 and 0.40μm SnS thickness were deposited using Aerosol assisted chemical 

vapour deposition (AACV). The SnS thin films were found to be poorly crystalline consisting of Sn and S elements in varying composi-

tion with increase in thickness. No noticeable change was noticed in the crystal structure of the films. No impurities peaks of elemental 

sulphur, tin or other tin sulphide phases were identified in the XRD pattern of the films which signifies the formation of pure SnS phase. 

The preferred orientation of all the films was found to be along the (040) plane. Increase in the thickness of the films from 0.20 through 

0.40 μm enhances the crystallinity of the SnS thin film samples by increasing the number of crystallites which is also buttress by the 

decrease of dislocation density and micro strain for SnS thin film samples of 0.20 to 0.40 μm thickness. A gradual change was observed 

from the SEM micrographs in the growth of grains of SnS films. Increase in thickness enhances increase in grain size leading to the 

reduction in  gra in boundaries and potential barrier which in essence will affects the electrical conductivity and band gap of the SnS 

thin films and its usage as a semiconductor in a field effect transistor. The film of 0.40 μm thickness showed an optimum structural and 

microstructural film property for all the analysis hence suitable for use as a semiconductor channel layer in field effect transistor.  
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