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Abstract: This study investigates the effect of increasing the x value in CdS(1-x):Snx on the physical properties of 

nanostructured thin films synthesized via Pulsed Laser Deposition (PLD). Thin films with (x=0.1, 0.3, and 

0.5) were deposited on glass substrates under optimized conditions. X-ray diffraction (XRD) confirmed a 

cubic zinc-blende structure in all samples, with increasing x leading to larger crystallite size and reduced 

dislocation density and strain. Atomic force microscopy (AFM) showed that increasing x altered surface 

morphology, reducing grain size and surface roughness, indicating improved uniformity. Optical analysis 

revealed decreased transmittance and increased absorbance with a higher x value. The optical band gap 

narrowed from 2.87 eV (x=0.1) to 2.73 eV (x=0.5), due to the creation of localized energy states. Additionally, 

both the extinction coefficient and refractive index declined with increasing x. These results confirm that 

increasing x in (CdS(1-x):Snx) effectively modifies the studied characteristics of the films. Resistance in 

CdS(1-x):Snx films rises with NO₂ exposure due to surface oxidation. Increasing x in CdS(1-x):Snx films 

reduces NO₂ sensitivity.  

1 INTRODUCTION 

CdS is in II-VI semiconductor group, widely studied 

for its wide direct bandgap, high optical transparency, 

and strong electron affinity [1]. These features make 

CdS a promising material for various optoelectronic 

applications, including LED [2], solar cells [3], gas 

sensors [4], liquid crystal displays [5], and field-effect 

transistors [6], [7]. Its excellent optical and electrical 

properties, combined with its compatibility with 

different dopants, have increased its research 

relevance in recent years. Doping CdS with metallic 

elements such as manganese (Mn) [8], zinc (Zn) [9], 

nickel (Ni) [10], cerium (Ce) [11], copper (Cu) [12], 

indium (In) [13], and iron (Fe) [14] significantly 

alters its structural and electronic properties. 

Depending on the dopant type and concentration, 

doping can convert CdS from its natural n-type 

conductivity to p-type [14]. Typically, Pure CdS 

exhibits n-type behavior with low resistivity (10⁻² to 

10⁻⁴ Ω·cm) and high transparency in the visible 

range [15], making it highly suitable for photovoltaic 

and optoelectronic devices. CdS thin films have been 

synthesized using several methods, including thermal 

evaporation [16], [17], CBD [18], [19], MBE [20], 

and pulsed laser deposition [21], [22]. Furthermore, 

due to its excellent film purity, precise control over 

thickness and stoichiometry, and ability to produce 

dense, homogeneous coatings suitable for most 

advanced applications, PLD is considered the most 

appropriate method. Focuses on the synthesis and 

study of the properties of CdS(1-x):Snx thin films. It 

aims to investigate how increasing the x value in 

CdS(1-x):Snx affects the films' structural, 

morphological, and optical properties. 
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2 EXPERIMENTAL  

CdS1-x and Snx (x = 0.1, 0.3, and 0.5 wt%) were 

mixed. A gate mortar is also used to mix the powder 

of the materials for one hour to ensure the 

homogeneity and adequate cohesion of the samples. 

This mixture is then fed into a hydraulic press to form 

pellets (d = 20 mm) at a pressure of 6 Pa for 10 min. 

For the PLD deposition of thin CdS:Sn films, the 

glass substrates (75 × 25 × 1.2) mm were used. PLD 

was carried out in a vacuum chamber with a focusing 

YAG laser (wavelength 1064 nm, laser energy 400 

mJ, peak duration 9 ns, repetition rate 6 Hz) applying 

200 laser pulses onto a clean CdS:Sn target. The angle 

of incidence of the laser pulses at the surface of the 

target material should be as high as 45° to give the 

largest area of deposition on the glass base. The glass 

cylindrical chamber, 30 cm and 40 cm in height, was 

used for the deposition of thin films at all heights, 

under pressure (10–2) Torr.  Structural properties 

were analyzed using XRD with a SHIMADZU XRD-

6000. Surface morphology was studied by atomic 

force microscopy (AFM) with an AA3000 SPM. 

Optical properties, including transmittance and 

absorbance, were evaluated using a Shimadzu 

double-beam spectrophotometer. The sensitivity of 

CdS: Sn gas sensors was assessed based on resistance 

changes inside a cylindrical chamber measuring 7 × 

16 cm. 

3 RESULTS AND DISCUSSIONS 

Figure 1 presents the X-ray diffraction (XRD) 

patterns of the synthesized CdS(1−x):Snx thin films, 

where the diffraction peaks are clearly observed at 2θ 

values of 28.36°, 36.72°, 51.84°, and 66.81°, 

corresponding to the (101), (102), (200), and (203) 

crystallographic planes, respectively. The presence of 

these well-defined reflections confirms the high 

crystalline quality of the deposited films, which are 

consistent with a cubic zinc-blende structure as 

referenced in JCPDS card No. 43-0985. The 

dominant intensity of the (101) peak indicates a 

preferred growth orientation along this direction, 

suggesting enhanced crystallinity and improved grain 

alignment during film formation [23], [24]. This 

behavior is in good agreement with previously 

reported results in the literature [25], [26]. 

The crystallite size (D) was evaluated using 

Scherrer’s equation [27], [28], where the full width at 

half maximum and diffraction angle are key 

parameters. The calculated values are 13.74 nm for x 

= 0.1, 14.97 nm for x = 0.3, and 15.85 nm for x = 0.5. 

The gradual increase in crystallite size with 

increasing Sn content indicates that higher x values 

promote grain growth. This trend can be attributed to 

enhanced atomic diffusion and reduced lattice 

constraints, which facilitate the coalescence of 

smaller crystallites into larger grains during film 

formation [29], [30]. 

Figure 1: XRD patterns of the deposited films. 

The dislocation density (δ) was determined using 

the standard relation reported in [31], [32], where it is 

inversely proportional to the square of crystallite size. 

The results show a decrease in δ from 52.96 × 10¹⁴ 

lines/m² at x = 0.1 to 39.95 × 10¹⁴ lines/m² at x = 0.5. 

This reduction reflects an improvement in crystalline 

quality, indicating fewer structural defects and 

dislocations within the lattice. Such behavior is 

consistent with the observed increase in crystallite 

size and confirms enhanced structural stability of the 

films [33], [34]. 

The lattice strain (ε) was calculated using the 

relation given in [35], [36]. The obtained values 

decrease from 25.21 × 10⁻⁴ to 21.91 × 10⁻⁴ with 

increasing x value in CdS(1−x):Snx, indicating a 

progressive relaxation of internal stresses. This 

reduction in strain is associated with improved crystal 

ordering and grain growth, which collectively reduce 

lattice distortions and enhance overall material 

quality [37], [38]. The complete set of structural 

parameters, including D, δ, and ε, is summarized in 

Table 1, while Figure 2 illustrates their variation as a 

function of composition. 

Figure 3 (a1–c1) shows AFM micrographs along 

with surface morphology analysis of CdS(1−x):Snx 

thin films. The 3D surface profiles and grain size 

distribution indicate the formation of nearly spherical 

nanograins, with the grain size increasing from 47.8 

nm at x = 0.1 to 93.4 nm at x = 0.5. This increase 

suggests improved crystallite ordering and enhanced 
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grain growth with higher Sn content, leading to a 

more uniform surface structure [39], [40]. In contrast, 

surface roughness parameters, including average 

roughness (Ra) and root mean square roughness 

(Rrms), show an increasing trend with x. The Ra 

values increase from 2.42 nm (x = 0.1) to 7.71 nm (x 

= 0.5), while Rrms values are 3.35 nm, 5.27 nm, and 

8.72 nm for x = 0.1, 0.3, and 0.5, respectively. This 

increase in roughness is attributed to enhanced grain 

growth and surface restructuring during film 

deposition, which leads to a more pronounced surface 

topology [41], [42]. Detailed AFM parameters are 

provided in Table 2. 

Figure 2: (a) FWHM), (b) Grain size, (c) Dislocation density, and (d) Strain of the deposit films. 

Table 1: D, Eg, and structural properties of the deposit films. 

Samples (hkl) Plane 2  (o) FWHM (o) Eg  (eV) D (nm) 
Dislocations density 

× 1014 lines/m 

Strain × 

10-4

CdS(1-x):Snx, x=0.1 101 28.36 0.61 2.87 13.74 52.96 25.21 

CdS(1-x):Snx, x=0.3 101 28.31 0.56 2.80 14.97 44.62 23.14 

CdS(1-x):Snx, x=0.5 101 28.27 0.53 2.73 15.82 39.95 21.91 

Table 2: Surface morphology parameters obtained from AFM analysis of the deposited films. 

Samples Grain Size (nm) Ra (nm) Rrms (nm) 

CdS(1-x):Snx at x=0.1 47.8 2.42 3.35 

CdS(1-x):Snx at x=0.3 69.8 7.32 5.27 

CdS(1-x):Snx at x=0.5 93.4 7.71 8.72 

Figure 3: FM micrographs and surface roughness analysis of CdS(1−x):Snx thin films at different Sn concentrations. 
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Figure 4 illustrates the optical transmittance 

behavior of CdS(1−x):Snx thin films, showing a clear 

decreasing trend with increasing x value. This 

reduction in transmittance can be associated with 

enhanced optical absorption and increased scattering 

effects caused by the incorporation of Sn atoms into 

the CdS lattice. As the Sn content increases, the 

optical density of the films rises, which leads to a 

corresponding decrease in transparency. In addition, 

structural analysis from AFM indicates variations in 

surface morphology with changing composition, 

where grain refinement and surface modification 

contribute to increased light scattering, further 

reducing the transmitted light intensity. The 

combined influence of these structural and 

compositional changes explains the observed decline 

in optical transmittance with increasing x [43], [44]. 

The relationship between absorbance (A) and 

transmittance (T) is described using the standard 

optical expression reported in [45], [46], where 

transmitted and incident light intensities are 

considered. The optical absorbance spectra of 

CdS(1−x):Snx thin films are presented in Figure 5 

over a range of wavelengths. All samples exhibit 

higher absorbance in the ultraviolet region and 

comparatively lower absorption in the visible region, 

which is typical for semiconductor materials where 

UV absorption is associated with electronic 

transitions across the band gap. It is also observed that 

absorbance increases progressively with increasing x 

across the entire spectral range [47], [48]. This 

enhancement is likely due to the introduction of 

defect-related or impurity-induced energy levels 

within the band gap, which provide additional 

pathways for electronic transitions and strengthen 

light–matter interaction. Consequently, higher Sn 

content modifies the electronic structure and 

increases the density of states, leading to enhanced 

optical absorption [49]. 

Figure 4: Transmittance of the deposit films. 

Figure 5: Absorbance of CdS(1-x)-Snx films. 

The absorption coefficient (α) was evaluated 

using the relation reported in [50], [51], which links 

absorbance with film thickness. The variation of α 

with photon energy (hν) is presented in Figure 6. The 

results indicate that all films exhibit high absorption 

coefficients exceeding 10⁴ cm⁻¹, confirming strong 

optical absorption and supporting the presence of 

direct electronic transitions [37]. A slight increase in 

α is observed with increasing x value in 

CdS(1−x):Snx. This behavior can be attributed to the 

formation of localized energy states within the band 

structure introduced by Sn incorporation. These 

defect- or impurity-related states extend the 

absorption process into lower energy regions, 

enabling sub-bandgap transitions and shifting the 

absorption edge toward lower photon energies, which 

ultimately enhances the overall absorption coefficient 

[52]. 

The optical bandgap (Eg) was determined using 

Tauc’s relation as described in [53], [54]. The 

corresponding plots are shown in Figure 7, which 

clearly demonstrate a decreasing trend in Eg with 

increasing x. The bandgap values are found to be 2.87 

eV, 2.80 eV, and 2.73 eV for x = 0.1, 0.3, and 0.5, 

respectively. The relatively higher bandgap at x = 0.1 

is attributed to quantum confinement effects 

associated with nanostructured films, which typically 

lead to bandgap widening compared to bulk material 

[55]. The observed decrease in Eg with increasing Sn 

content is explained by the incorporation of Sn ions 

into the CdS lattice, either substitutionally or 

interstitially, which modifies the electronic band 

structure. The bandgap values are summarized in 

Table 1, confirming the systematic reduction of Eg 

with increasing x. 

Figure 8 presents the extinction coefficient (k) as 

a function of wavelength (λ) for all samples. A 

decreasing trend in k is observed with increasing x 

value in CdS(1−x):Snx. The highest extinction 

coefficient is recorded for x = 0.1 (k = 0.76), while 

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

644



lower values are obtained for x = 0.3 (0.743) and x = 

0.5 (0.721). This trend indicates that increasing Sn 

content leads to reduced optical losses. The decrease 

in k is directly correlated with the behavior of the 

absorption coefficient, as both parameters are 

strongly interrelated. Therefore, the reduction in k 

with increasing x can be attributed to changes in 

optical absorption characteristics induced by 

compositional modification [39]. 

Figure 6:  α Vs hν of the CdS(1-x):Snx films. 

Figure 7: (αhν)2 Vs hν of the CdS(1-x):Snx films. 

The extinction coefficient (k) was determined 

using the standard optical relation reported in [56], 

[57], which relates it to the absorption coefficient and 

wavelength. The refractive index (n) was then 

evaluated using the expression given in [58], [59], 

where reflectivity (R) and extinction coefficient (k) 

are taken into account. 

The variation of refractive index with wavelength 

is presented in Figure 9. The results show that the film 

with x = 0.1 exhibits the highest refractive index 

value of 3.37 at 520 nm, while the lowest value of 

3.22 is observed for the film with x = 0.5. For all 

samples, the refractive index decreases exponentially 

with increasing wavelength in the range of 600–900 

nm, indicating reduced optical interaction and lower 

losses at longer wavelengths [40]. This behavior 

suggests improved transparency in the near-infrared 

region due to reduced absorption and scattering 

effects. 

In addition, the extinction coefficient shows a 

similar wavelength-dependent trend for all 

compositions. A gradual decrease in k is observed 

with increasing x value in CdS(1−x):Snx. This 

reduction reflects compositional effects on the optical 

absorption behavior of the films, where higher Sn 

content modifies the electronic structure and leads to 

lower optical attenuation [18]. 

Figure 8: k of the CdS(1-x):Snx films. 

Figure 9: n of the CdS(1-x):Snx films. 

Figure 10 illustrates the increase in resistance over 

time for CdS(1-x):Snx thin films with x=0.1, 0.3, and 

0.5 when exposed to 200 ppm NO₂ at 100 °C, 

indicating surface oxidation during gas exposure [54], 

[55]. The adsorption of NO₂ molecules on the film 

surface leads to the removal of O₂⁺ ions, releasing 

electrons into the conduction band and resulting in a 

rise in resistance. Notably, increasing the x value, 
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particularly at x=0.5, significantly amplifies this 

resistance increase, highlighting its strong influence 

on the films' gas sensing and semiconductor 

properties [60], [61]. This enhanced resistance 

response can be explained by the fact that higher x 

values introduce additional trap states and defects in 

the CdS(1-x):Snx lattice [62], [63]. 

Figure 10: Resistance change over time for CdS(1-x):Snx 

with x=0.1, 0.3, and 0.5. 

Sensitivity (S) was evaluated using the standard 

expression reported in [64], [65], which describes the 

relative change in electrical resistance upon exposure 

to the target gas. In this relation, 𝑅𝑔represents the

baseline resistance in air, while 𝑅𝑎corresponds to the

resistance measured under NO₂ exposure. 

Figure 11 shows that the sensitivity of 

CdS(1−x):Snx thin films decreases progressively 

with increasing x value. This reduction in sensing 

performance is mainly associated with an increase in 

electrical resistance and enhanced charge carrier 

recombination after NO₂ exposure [66], [67]. As the 

Sn content increases, additional defect- or trap-related 

states are introduced into the band structure, which 

facilitate recombination processes and reduce the 

concentration of free charge carriers available for 

conduction [68]. As a result, both electrical 

conductivity and gas sensing response are 

diminished. 

Overall, the observed trend indicates that higher x 

values negatively affect NO₂ sensing behavior by 

limiting effective charge transfer processes and 

reducing the interaction between gas molecules and 

the film surface, thereby suppressing the overall 

sensor response [69]. 

Figure 11: Sensitivity (S) of CdS(1-x):Snx films at x=0.1, 0.3, 

and 0.5. 

4 CONCLUSIONS 

Nanostructured CdS(1-x):Snx thin films with x=0.1, 

0.3, and 0.5 were synthesized via pulsed laser 

deposition (PLD). Structural analysis confirmed a 

cubic zinc-blende phase with improved crystallinity 

as the x value increased. Crystallite size grew, while 

dislocation density and strain decreased with higher 

x. AFM results showed reduced particle size and

surface roughness due to increasing x. Optically,

higher x values lowered transmittance and raised

absorbance. The absorption coefficient increased, and

the bandgap narrowed from 2.87 eV (x=0.1) to 2.73

eV (x=0.3), attributed to localized energy levels

formed by Sn substituting Cd. Additionally, both the

extinction coefficient and refractive index decreased

as x increased, reflecting changes in the films' optical

properties. Resistance increases over time in CdS(1-

x):Snx films exposed to NO₂. Elevated x value in

CdS(1-x):Snx films leads to a decrease in NO₂

sensitivity.
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