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Abstract 

Cadmium sulphide (CdS) thin films were synthesized via chemical bath deposition (CBD) to 
investigate the influence of deposition time on their optoelectronic properties. The films were 
deposited at 80 °C for durations ranging from 5 to 30 minutes. Film thickness increased from 
1.5 to 3.0 µm with increasing deposition time, while surface roughness exhibited a non-linear 
variation associated with nucleation, growth, and grain agglomeration processes. X-ray 
diffraction of the 30-minute film confirmed a polycrystalline hexagonal CdS structure. Optical 
analysis revealed a non-linear variation in the bandgap, decreasing from 2.42 eV to 2.07 eV, 
with strong absorption in the visible region and a maximum absorption at 25 minutes. The 
refractive index, dielectric constants, and optical conductivity also varied with deposition time, 
indicating changes in optical response and carrier transport. Hall effect measurements 
confirmed n-type conductivity, with mobility increasing up to 25 minutes before decreasing, 
while carrier concentration and resistivity exhibited deposition-time dependence. The 20-
minute film had a good mix of optical, electrical, and surface properties. The 30-minute film, 
on the other hand, had the highest photosensitivity (3110.08%) and responsivity (1.76 × 10⁻² 
mA.W⁻¹). These findings indicate that deposition time is an essential factor for optimizing the 
optoelectronic performance of CdS thin films for photodetector applications. 
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I. INTRODUCTION 

admium sulphide (CdS) is a II–VI semiconductor with a 
direct bandgap of approximately 2.4 eV, enabling 

effective absorption of visible light [1–4]. It exhibits n-type 
conductivity [5], a high absorption coefficient [6], and notable 
photoconductivity [7], making it suitable for optoelectronic 
applications. CdS thin films have been widely employed in 
devices such as solar cells, light-emitting diodes, and 
photodetectors [1], [8-9]. The combination of favorable 

electronic and optical properties, together with relatively 
simple synthesis, makes CdS an attractive material for both 
research and technological applications. 

Various techniques have been employed for the synthesis 
of CdS thin films, including spin coating [10], spray pyrolysis 
[11], chemical bath deposition (CBD) [12-13], co-
precipitation [14], successive ionic layer adsorption and 
reaction [3], and pulsed laser deposition [15]. These 
techniques differ in terms of equipment requirements, growth 
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conditions, cost, and the quality of films produced. 
Chemical bath deposition (CBD) was employed in this 

study because it is a simple and cost-effective technique for 
producing CdS thin films [12-13], [16-18]. It operates at low 
temperatures, making it compatible with temperature-
sensitive substrates, and enables uniform, adherent coatings 
over large areas without the need for vacuum systems [18]. By 
adjusting bath conditions, CBD allows precise control over 
film thickness and composition [16]. These advantages, 
combined with its scalability and energy efficiency [17], make 
CBD a versatile approach for both laboratory research and 
industrial production of semiconductor thin films. 

Among the growth parameters in CBD, deposition time has 
a critical effect on nucleation rate, film thickness, grain 
growth, and defect density [19]. These structural factors 
strongly influence optical absorption, carrier transport, and 
photoconductive response [20]. Optimizing deposition time is 
therefore essential for achieving CdS thin films with enhanced 
optical, electrical, and photosensing performance, which are 
keys for high-performance optoelectronic devices [21]. 

Previous studies on deposition time effects in CdS thin 
films primarily focus on structural evolution and bandgap 
changes. However, limited attention has been given to 
dielectric properties, optical conductivity, and overall 
photodetector performance [20-25]. Addressing these 
parameters is necessary to provide a more comprehensive 
understanding of how deposition time influences the 
functional properties of CdS thin films. 
In this work, CdS thin films deposited at 80 °C over a 
controlled time range (5–30 min) were comprehensively 
analyzed through surface profiling, optical dispersion 
parameters (extinction coefficient, refractive index, real and 
imaginary dielectric constants), optical conductivity, Hall 
effect measurements, and solar-simulator-based I–V 
characterization. This comprehensive analysis enables the 
identification of the optimal deposition time for achieving 
improved optoelectronic and photodetector performance.  

II. EXPERIMENT 

CdS thin films were synthesized through the chemical bath 
deposition (CBD) method. Solutions containing cadmium 
chloride (CdCl2), thiourea (H2NCSNH2), and disodium EDTA 
(Na4(C10H16N2O8)) were prepared at a concentration of 0.08 
M in 50 mL of deionized water. The pH was adjusted to 10 
using a 25% ammonium hydroxide (NH4OH) solution. 
Initially, a 0.08 M CdCl2 solution was treated with NH4OH 
until a white precipitate of Cd(OH)2 formed, which dissolved 
with additional NH4OH. Afterward, 10 mL of 0.08 M EDTA 
and 50 mL of 0.08 M thiourea were added in sequence and 
mixed to begin the formation of CdS.  

Glass slides, which served as substrates, were immersed in 
acetone, rinsed with deionized water, and then dried. The CdS 
solution was heated on a hot plate, and the substrates were 
immersed at room temperature. The temperature was 
gradually raised to 80 °C, after which the deposition time was 

recorded. Films were deposited for 5, 10, 15, 20, 25, and 30 
minutes, then removed, rinsed with deionized water, and air-
dried.  

Following the identification of the 30-minute film with 
superior photosensitivity and responsivity, the sample was 
annealed at 200 °C for 30 minutes only for XRD analysis to 
improve crystallinity and phase identification. SEM 
characterization was performed on the unannealed film, and 
annealing was not considered as a variable in the deposition-
time study. 

Electrical contacts were achieved by applying conductive 
paste, prepared from graphite and nail hardener, on the CdS 
films to provide stable ohmic contacts for Current - Voltage 
(I-V) characterization.  

A. Chemical Reactions and Mechanisms in the Synthesis of 
CdS Thin Film 

1) Cadmium Chloride (CdCl2) Dissociation 
CdCl2 dissociates in water to release cadmium ions (Cd²⁺) 
and chloride ions (Cl⁻). 
𝐶𝑑𝐶𝑙ଶ → 𝐶𝑑ଶା + 2𝐶𝑙ି   
 (1) 

2) Thiourea (H2NCSNH2) Decomposition 
Thiourea decomposes in the presence of ammonia 
(NH4OH) when heated, releasing sulfur ions (S²⁻). 
𝐻ଶ𝑁𝐶𝑆𝑁𝐻ଶ + 2𝑂𝐻ି → 𝑆ଶି + 𝐶𝑁ଶ𝐻ଶ + 2𝐻ଶ𝑂 (2) 

3) Formation of Cadmium Sulfide (CdS) 
Cadmium ions (Cd²⁺) from cadmium chloride react with 
sulfide ions (S²⁻) from thiourea to form cadmium sulphide 
(CdS), which deposits as a thin film on the substrate: 
Cdଶା + Sଶି → CdS (thin film)   (3) 
The thickness of the film and its surface roughness were 
assessed utilizing a Veeco Dektak 150 stylus profiler.  
Optical characteristics such as absorbance and 
transmittance were evaluated with a UV–Vis 
spectrophotometer (Filmetrics F10–RT) across a 
wavelength range of 250–1100 nm. The optical 
parameters, absorption coefficient, optical band gap, 
refractive index, extinction coefficient, real and imaginary 
dielectric constant, and optical conductivity, were 
computed using (4), (5), (6), (7), (8), (9), and (10), 
respectively. 

𝛼 =
୪୬൫ଵ

்ൗ ൯

௧
     (4)  

(𝛼ℎ𝜐)ଶ = 𝐴൫ℎ𝜐 − 𝐸௚൯    (5) 

𝜂 =
ଵା√ோ

ଵି√ோ
     (6) 

𝑘 =
஑஛

ସ஠
      (7) 

Ɛ௥ = 𝜂ଶ − 𝑘ଶ     (8) 
Ɛ௜ = 2𝜂𝑘     (9) 

𝜎 =
ఈఎ௖

ସగ
     (10) 

Where T is the transmittance, t is the film thickness, λ is 
the wavelength of incident light, ℎ𝜐 is the photon energy, 
R is the reflectance, and c is the speed of light [26-31]. 
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The electrical properties, which include carrier 
concentration, mobility, resistivity and average hall 
coefficient, were analyzed using an ECOPIA Hall Effect 
Measurement System (HMS-3000) at 300 K. The current–
voltage (I–V) characterization was carried out using a 
Keithley 2400 SourceMeter under illumination from a 
Newport Oriel Solar Simulator operating at AM 1.5G with 
an intensity of 100 mW.cm⁻² and a wavelength range of 
300–1400 nm. This was conducted under dark and 
illumination to determine photosensitivity and 
responsivity, using (11) and (12). 

𝑆(%) =
ூಽ೔೒೓೟ିூವೌೝೖ

ூವೌೝೖ
× 100   (11) 

𝑅 =  
ூ೛೓(஺)

   ா(ௐ ௖ మ⁄ ) ஺(௖௠మ)
=

ூ೛೓(஺)

௉೔೙೎(ௐ)
   (12) 

Where 𝐼௅௜௚௛௧  𝑎𝑛𝑑 𝐼஽௔௥௞  denote the photocurrent and dark 
current, respectively, and 𝑃௜௡௖  is the incident optical power 
[9]. 
The crystal structure and phase composition of the 30-
minute film were examined using a Tonda TD–3500 X-ray 

diffractometer equipped with CuKα radiation (λ = 1.5406 
Å).  
Structural parameters, crystallite size, dislocation density, 
and microstrain were derived using (13), (14), and (15).  

𝐷 =
௄λ

ఉ௖௢௦Ө
     (13) 

𝜌 =
ଵ

஽మ     (14) 

∈=


ସ௧௔௡
     (15) 

Where K is the Scherrer constant,  is the FWHM, and  
is the Bragg angle [32-34].   
The surface morphology was scrutinized using a ZEISS 
EVO MA 10 Scanning Electron Microscope (SEM). 

III. RESULTS AND DISCUSSION 

A. Surface Profiling for Thickness and Surface Roughness 

Fig. 1 presents the surface profiles of CdS thin films deposited 
at 80 °C for different durations: (a) 5 minutes, (b) 10 minutes, 
(c) 15 minutes, (d) 20 minutes, (e) 25 minutes, and (f) 30 
minutes. 

 
Fig. 1. Plot of surface profiles of CdS samples deposited for variable deposition times at 80 ℃.

The profiles provide insight into the evolution of film 
thickness and surface morphology during growth. At shorter 

deposition times, 5–10 minutes (see Fig.1(a) and (b)), the 
profiles appear relatively shallow and less defined, 
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corresponding to the initial nucleation stage where isolated 
CdS clusters begin to form on the substrate. As the deposition 
time increases to 15 and 20 minutes (see Fig. 1(c) and (d)), the 
profiles become more pronounced, reflecting continuous film 
growth and increased thickness due to sustained precipitation 
of CdS. 

At 25 minutes (see Fig. 1(e)), the profile exhibits a 
noticeable reduction in depth, consistent with the decrease in 
measured thickness. This behaviour suggests the onset of 
dissolution or desorption processes within the chemical bath, 
leading to partial removal of previously deposited material. At 
30 minutes (see Fig. 1(f)), the profile becomes significantly 
deeper and more defined, indicating renewed film growth and 
the formation of a thicker layer. This evolution of surface 
profiles highlights the dynamic nature of the deposition 
process, governed by the interplay between film growth and 
dissolution mechanisms. 

The minimum height extracted from each surface profile 
was taken as the film thickness, and the corresponding values 
for all samples are presented in Table I. 

Table I. Thickness and average roughness of CdS samples 
deposited for variable times at 80 ℃ derived from the 
surface profiles. 
Deposition Time 
(minutes) 

Thickness D 
(μm) 

Average Roughness Ra  
(nm) 

5.0 1.5 1325.44 
10 1.9 2628.70 
15 2.0 5484.70 
20 2.1 1994.60 
25 0.8 699.70 
30 3.0 3029.70 

 
Fig. 2, together with Table I, shows the variation of film 

thickness with deposition time. The thickness increases from 
1.5 µm at 5 minutes to 2.1 µm at 20 minutes, which can be 
attributed to sustained nucleation and growth of CdS on the 
substrate due to the continuous release of Cd²⁺ and S²⁻ ions in 
the bath. During this stage, the deposition process dominates, 
resulting in progressive film thickening. 

The observed decrease in film thickness at 25 minutes can 
be attributed to the interplay between two competing 
processes inherent to chemical bath deposition: (i) 
heterogeneous and homogeneous precipitation of CdS, which 
drives film growth, and (ii) dissolution of the pre-formed CdS 
layer in the alkaline bath. At shorter deposition times, the 
concentration of reactive species is sufficiently high, and the 
growth process dominates, resulting in a progressive increase 
in film thickness. However, as deposition time increases, 
depletion of precursor ions reduces the rate of CdS formation, 
while dissolution and desorption processes become 
increasingly significant. This shift in dominance leads to a net 
reduction in film thickness. Similar behaviour has been 
reported for CBD-grown CdS thin films in the literature [35]. 

At 30 minutes, the thickness increases sharply to 3.0 µm, 
which may be attributed to a renewed dominance of the 

deposition process, possibly due to secondary nucleation or 
changes in bath chemistry that enhance CdS formation. This 
non-linear behaviour highlights the complex growth dynamics 
of CdS thin films in chemical bath deposition. 

 
Fig. 2. Plot of CdS samples' thickness against deposition 

time. 

At 30 minutes, the roughness increases again to 3,029.70 
nm, which is likely attributed to grain agglomeration and 
clustering effects. The formation of larger surface features and 
the coalescence of grains introduce surface irregularities, 
resulting in increased roughness, consistent with reports in the 
literature [37]. It is important to note that these larger surface 
features do not necessarily correspond to larger crystallite 
sizes, as X-ray diffraction analysis suggests a relatively 
smaller crystallite size at this deposition time. This indicates 
that the film may consist of agglomerated structures composed 
of smaller coherent crystallite domains, possibly due to 
structural reorganization during prolonged deposition. This 
trend reflects the evolution of film growth from nucleation-
dominated to coalescence and eventual agglomeration stages. 

 
Fig. 3. Plot of CdS samples' average roughness ra against 

deposition time. 

B. Optical Characterization 

The optical properties of the CdS thin films are strongly 
influenced by the deposition time, as evidenced in Fig. 4. The 
absorbance spectra shown in Fig. 4(a) indicate a general 
decrease with increasing wavelength, with stronger absorption 
in the visible region and weaker absorption in the near-
infrared (NIR). The film deposited for 15 minutes exhibits the 
highest absorbance in the visible range, reflecting effective 
photon capture at this deposition time, while the 30-minute 
film shows the highest absorbance in the NIR region, likely 
due to increased thickness and enhanced light scattering at the 
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surface. The 25-minute film also displays relatively high 
absorbance, suggesting improved surface uniformity and 
density that promote photon interaction. 

The transmittance spectra in Fig. 4(b) show an inverse trend 
relative to absorbance. Films deposited for 20 and 25 minutes 
exhibit the highest transparency in the visible range, whereas 
the 30-minute film shows the lowest transmittance, consistent 
with its increased thickness and denser microstructure. The 
15-minute film presents moderate transmittance, indicating 
that although thinner films allow more light passage, 
insufficient thickness can reduce uniformity and partially limit 
optical transmission. These observations highlight the 
dependence of optical transparency on both film thickness and 
surface morphology. 

The absorption coefficient, illustrated in Fig. 4(c), follows 
a pattern similar to absorbance, with higher values observed at 
shorter wavelengths. The 25-minute film reaches the 
maximum absorption coefficient, indicating enhanced photon 
absorption and optical response, likely due to optimized 
thickness, grain growth, and reduced defect scattering. In 
comparison, the 15- and 20-minute films show slightly lower 
absorption, while the 30-minute film, despite its greater 
thickness, exhibits reduced absorption in the visible region, 
which may result from structural inhomogeneity at extended 
deposition times. 

The optical bandgap derived from Tauc plots (Fig. 4(d)) 
decreases non-linearly from 2.42 eV at 5 minutes to 2.32 eV 
at 15 minutes, with minor fluctuations before reaching 2.07 
eV at 30 minutes. This reduction is attributed to increased film 
thickness and grain growth, which reduce quantum 
confinement effects, while band tailing caused by defect states 
and improved crystallinity at longer deposition times further 
contribute to bandgap narrowing. The slight fluctuations 
observed at intermediate deposition times reflect variations in 
surface roughness and microstructure, in agreement with the 
trends in absorbance and transmittance. 

Collectively, these results demonstrate that deposition time 
has a significant impact on the optical behaviour of CdS thin 
films. Short deposition times (5–15 minutes) favour high 
visible absorbance but moderate transparency, whereas 
moderate times (20–25 minutes) optimize both transmittance 
and absorption coefficient. Longer deposition (30 minutes) 
shifts absorption toward longer wavelengths but reduces 
overall transparency, likely due to increased surface 
roughness and non-uniformity. Overall, a deposition time of 
25 minutes appears optimal for achieving high optical 
absorption while maintaining reasonable transparency, 
indicating the importance of carefully controlling deposition 
duration to tailor the optical properties of CdS thin films. 

 
Fig. 4. Plots of (a) Absorbance, (b) Transmittance, (c) Absorption Coefficient, and (d) (𝛼ℎ𝜐)ଶ Vs energy (ℎ𝜐) for bandgaps.

Fig. 5 presents the variation of optical constants with 
wavelength for CdS thin films deposited at different times. 
The extinction coefficient (Fig. 5(a)) exhibits a significant 

increase in the UV region for all samples, indicating strong 
photon absorption characteristic of CdS. In the visible region, 
the film deposited for 25 minutes shows the highest peak value 
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of 0.1325 cm⁻¹, while the 30-minute film exhibits the lowest 
absorption, suggesting a reduction in optical absorption with 
prolonged deposition time. 

The refractive index (Fig. 5(b)) increases across the visible 
to NIR region, reaching a maximum value of approximately 
3.00 for the 30-minute film, whereas the other samples remain 
around 2.64. This behaviour indicates a dependence on film 
thickness and possible structural variations at longer 
deposition times. 

The real dielectric constant (Fig. 5(c)) follows a similar 
trend, increasing to about 7 for most films, while the 30-
minute sample shows lower values in the range of 
approximately 2–5.5. This reduction may be attributed to 
increased surface roughness and structural irregularities, 
which affect the material’s polarization response. 

The imaginary dielectric constant (Fig. 5(d)) varies with 
deposition time and wavelength, with the film deposited at 25 
minutes exhibiting the highest values of 0.40 in the visible 
region and 0.66 in the NIR region, indicating increased optical 
energy loss. In contrast, the 5-minute film shows values of 
0.24 and 0.37, while the 30-minute film exhibits the lowest 
values of 0.13 and 0.18. Notably, all values remain below 
unity, reflecting moderate absorption losses. 

The optical conductivity (Fig. 5(e)) also shows a 
dependence on deposition time, with values reaching 1.14 × 
10¹⁰ s⁻¹ for the 5-minute film and peaking at 2.07 × 10¹⁰ s⁻¹ for 
the 25-minute film, followed by a decrease at longer 
deposition times. This trend suggests that film thickness and 
microstructural evolution influence charge carrier excitation 
and transport within the films. 

 
Fig. 5. Plots of (a) Extinction coefficient, (b) refractive index, (c) real dielectric constant, (d) Imaginary dielectric constant, 

and (e) Optical conductivity of CdS thin films. 
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C. Electrical Properties from Hall Effect Measurement 

The Hall Effect measurement data, which includes bulk 
concentration, Hall mobility, resistivity, and the Hall 
coefficient for CdS thin films deposited at different times, 
provide insight into the electrical properties of these films.  

As shown in Table II, the carrier concentration grows 
during the initial 10 minutes, begins to decrease with extended 
deposition times, reaching a minimum at 25 minutes, which 
aligns with the observed decrease in film thickness. Hall 
mobility increases consistently up to 25 minutes, suggesting 
improved charge transport and reduced scattering, but drops 
at 30 minutes, likely due to grain boundary effects. Initially, 
resistivity decreases, reflecting increased conductivity up to 
15 minutes, but then rises after 20 minutes, possibly reflecting 
reduced film quality. The Hall coefficient becomes more 
negative with longer deposition times, consistent with the 
prevailing n-type conductivity and a decrease in carrier 
density with extended deposition durations. 

Table II. Hall Effect Measurement Results of CdS Samples 
Deposited for Variable Times at 80 ℃. 
Deposition 
Time 
Variation 
(minutes) 

Bulk 
Concentration 
(cmିଷ) 

Hall 
Mobility 
(cmଶ. Vsିଵ) 

Resistivity 
(Ω𝑐𝑚) 

Average Hall 
Coefficient 
(cmଷ. Cିଵ) 

5.0 -9.759E+11 1.866E+02 3.427E+04 -6.396E+06 
10.0 -4.436E+12 2.096E+02 6.715E+03 -1.407E+06 
15.0 -2.964E+12 5.444E+02 3.869E+03 -2.106E+06 
20.0 -4.046E+11 3.373E+02 4.574E+04 -1.543E+07 
25.0 -5.593E+10 1.420E+03 7.862E+04 -1.068E+08 
30.0 -2.662E+11 3.539E+02 6.625E+04 -2.345E+07 

D. Current – Voltage (I-V) Characterization 

Fig. 6 presents the current–voltage (I–V) characteristics of 
CdS thin films deposited for different durations under dark 
and illuminated conditions. For all samples, the current 
increases with applied voltage, with significantly higher 
current observed under illumination compared to dark 
conditions, confirming the photoconductive nature of the 
films. 

 
Fig. 6. Plots of I-V Curves (under Dark and Light Conditions) of CdS Samples deposited for variable Deposition Times at 80 

℃. 

For the 5-minute film (Fig. 6(a)), the current increases 
gradually with voltage, with a noticeable enhancement under 
illumination, although slight fluctuations are observed at 
intermediate voltages. The 10-minute film (Fig. 6(b)) shows 
improved photocurrent response with a more stable increase 

in current under light, indicating enhanced charge carrier 
generation compared to the 5-minute sample. 

In the case of the 15-minute film (Fig. 6(c)), the 
photocurrent exhibits more pronounced fluctuations, which 
may be attributed to trap-assisted recombination or structural 
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inhomogeneities affecting carrier transport. The 20-minute 
film (Fig. 6(d)) demonstrates a more uniform and steady 
increase in current under illumination, suggesting improved 
film quality and more efficient charge transport mechanisms. 

The 25-minute film (Fig. 6(e)) shows a strong photocurrent 
response, with a clear separation between dark and illuminated 
currents, indicating enhanced photoconductivity. The 
improved performance at this deposition time may be 
attributed to an optimal film thickness and microstructure, 
which facilitate the efficient generation and transport of 
charge carriers. 

The 30-minute film (Fig. 6(f)) exhibits the highest 
photocurrent among all samples, with a significant increase in 
current under illumination. However, the presence of 
fluctuations at higher voltages suggests the presence of 
increased defect states or recombination processes at longer 
deposition times. Overall, the observed trends indicate that 
deposition time strongly influences the electrical and 
photoconductive behaviour of CdS thin films, with 
intermediate deposition times providing more stable transport 
characteristics, while longer deposition times enhance 
sensitivity. 

In Fig. 7 and 8, the photosensitivity and responsivity of the 
CdS thin films exhibit distinct trends across various deposition 
times. At 5 minutes, the low photosensitivity (2.08%) and 
responsivity (5.89 ×  10⁻⁴ mA. Wିଵ) indicate relatively poor 
photodetector performance, which may be related to a high 
dark current approaching the light current. This behavior may 
result from surface defects, suggesting that this deposition 
time may not be optimal for photodetection. 

 
Fig. 7. A Plot of Photosensitivity of CdS Samples against 

Deposition Time. 

 
Fig. 8. A Plot of Responsivity of CdS Samples against 

Deposition Time. 

As the deposition time increases to 10 and 15 minutes, there 
is a marked improvement in both photosensitivity (486.01% 
and 420.06%, respectively) and responsivity (6.95 × 10⁻⁴ 
mA.W-1 and 8.32 × 10⁻⁴ mA.W-1). This trend suggests an 
enhanced ability of the films to distinguish between light and 
dark conditions, which may be associated with reduced dark 
current and increased photocurrent generation. These results 
indicate that the films exhibit improved photodetection 
performance at these deposition times, although the 
performance may not yet be optimal. 

The films deposited for 20 and 30 minutes exhibit the 
highest performance among the samples studied, with 
photosensitivity peaking at 3110.08% and responsivity 
reaching 1.76 ×  10⁻² mA. Wିଵ for the 30-minute sample, 
while the 20-minute film shows relatively balanced 
performance with good sensitivity and conversion efficiency 
(photosensitivity: 531.35%, responsivity: 6.22 ×

 10⁻³ mA. Wିଵ). The 30-minute sample exhibits higher 
photosensitivity and responsivity, but with a slight increase in 
dark current. Thus, the 20-minute deposition time appears to 
provide a more balanced photodetection performance, 
whereas the 30-minute sample may be more suitable for 
applications requiring high sensitivity. For the 25-minute 
deposition, a responsivity of 8.0 ×  10⁻⁴ mA. Wିଵ and a 
photosensitivity of 410% were recorded. 

E. Structural Analysis 

Fig. 9 shows the XRD spectra of a 30-minute deposition-
time CdS thin film annealed at 200 °C. The film appears to be 
polycrystalline with a hexagonal structure, exhibiting 
prominent peaks at 24.92° (100), 26.48° (002), and 28.30° 
(101), consistent with JCPDS card no. 96-900-8863. 

 
Fig. 9. XRD Plot for 30-minute deposition time CdS thin 

film annealed at 200 ℃. 

As shown in Table III, the 30-minute CdS thin film 
annealed at 200 °C exhibits a relatively small crystallite size 
of 9.04 nm, indicating a nanocrystalline structure. While 
smaller crystallite sizes are typically associated with higher 
defect density, the relatively low dislocation density and 
microstrain values observed here suggest that annealing may 
have facilitated defect relaxation and structural 
reorganization. This results in improved crystalline quality 
despite the reduced crystallite size. 
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Table III. Microstructure properties of 30-minute CdS thin 
film (annealed at 200 ℃). 

Sample 

Crystallite 
Size   

D =
୏λ

ஒୡ୭ୱӨ
 

(nm) 

Dislocation 
Density 

ρ =
ଵ

ୈమ 

( nm⁻²) 

Microstrain 

∈=


ସ୲ୟ୬
  

30-minute CdS  
(annealed at 200 ℃) 

9.04 0.0122 0.0127 

F. Morphological Characteristics 

The SEM image (Fig. 10) shows a granular and compact 
surface texture composed of very fine grains. The slightly non-
uniform brightness indicates minor variations in grain 
orientation, suggesting an early stage of crystallization. No 
visible voids or cracks are observed, indicating good substrate 
coverage. 

 
Fig. 10. SEM image of CdS Thin Film (30-minute deposition 

time). 

IV. CONCLUSION 

Deposition time has a notable effect on the optical and 
electrical properties of CdS thin films. Longer deposition 
times tend to increase film thickness and light absorption, but 
may also introduce surface irregularities and higher dark 
currents. Among the samples studied, the 20-minute film 
shows a relatively balanced combination of electrical 
conductivity, surface quality, and photosensing performance. 
It provides a favourable balance between responsivity, 
photosensitivity, and dark current levels, suggesting its 
suitability as a base layer for further modifications such as 
doping. 
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