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ABSTRACT 

This study aimed to prepare and characterize  a gas sensor based on porous silicon embedded 

with CdS using the laser-assisted chemical bath deposition method. The structural and optical 

properties of CdS thin film prepared at deposition time of 30  min were studied by X-ray 

diffraction (XRD), scanning electron microscope (SEM), atomic force microscope (AFM), 

energy dispersive X-ray (EDX), and  UV-Vis spectrophotometer.  The (XRD) results showed 

that the deposited CdS film was crystalline and the crystallinity of the film improved after 

using laser during deposition of the film.  The value of optical energy gap  of the CdS film 

deposited without and with laser irradiation were found to be  2.5 eV and  2.68 eV, 

respectively. The gas sensor based on CdS-embedded porous silicon exhibit good sensitivity to 

H2S gas. The sensor enables rapid detection of toxic H₂S gas, minimizing health and 

environmental risks and enhancing safety in industrial places. 
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 آخرون محسن                                                                               1573-1561(:4)  56: 2025 -مجلة العلوم الزراعية العراقية

 البيئة  في وتأثيره S2H غاز تحسسلتطبيقات  CdS سيليكون مسامي مدمج مع تركيب
 إسماعيل رائد عبد الوهاب               حسن عبد الصاحب هادي               رغد حمدان محسن

 استاذ   استاذ                                 باحثة                     
 جامعة المستنصرية، بغداد، العراق ، قسم الفيزياء، كلية التربية1

 العراق، التكنولوجيا، بغدادجامعة ، قسم العلوم التطبيقية2
المستخلص 

 طريقة   بأستعمال  CdS  ـالمدمج بجسيمات نانويةتحضير وتوصيف متحسس غاز من السيليكون المسامي  الدراسة الى    تهدف 
الرقيق الذي تم تحضيره في     CdSلغشاء تم دراسة الخصائص التركيبية والبصريةترسيب الحمام الكيميائي بمساعدة الليزر.  

  مجهر القوة الذرية ،  (SEM)  ، المجهر الإلكتروني الماسح(XRD)  الأشعة السينيةدقيقة باستخدام حيود    30وقت ترسيب قدره  
(AFM)للطاقة المشتتة  السينية  الأشعة   ،(EDX) والمرئية البنفسجية  فوق  للأشعة  الضوئي  الطيف  ومقياس   ،(UV-Vis)   .
 أستعمال تحسنت بعد    الغشاءكان بلوريًا وأن بلورية   CdS المترسب من  الغشاءأن    (XRD) حيود الأشعة السينية  نتائجتُظهر  

ترسيب   أثناء  لالغشاءالليزر  البصرية  الطاقة  فجوة  قيمة  على  العثور  تم  بالليزر  CdS غشاء.  الإشعاع  ومع  بدون  المترسب 
الغاز القائم على السيليكون المسامي المدمج    متحسسإلكترون فولت، على التوالي. يظهر    2.68إلكترون فولت و  2.5لتكون  

جيد  CdSمع غاز،  S2H لغاز تحسس  السريع عن  الكشف  في  المتحسس  على  S ₂Hيساعد  مخاطره  من  يقلل  مما  السام، 
 .الصحة والبيئة ويعزز السلامة في الأماكن الصناعية

 ، مراقبة بيئيةالغاز متحسس  ,ترسيب بطريقة الحمام الكيميائي,,غشاء رقيقالكلمات المفتاحية: 
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INTRODUCTION 

In recent decades, growing industrialization 

and urbanization have led to sustained interest 

in the development of gas sensors for 

applications in environmental monitoring, 

agricultural, illness detection, home security, 

and automotive sectors  )6, 31(. Environmental 

pollution has become a critical concern due to 

the increase of industry and the growth of the 

human population (3). The four primary 

categories of environmental pollution are 

noise, water, air, and soil contamination. The 

pollution of air and water is detrimental not 

just to humans but also to the ecology (2, 3). 

Researchers have created several instruments, 

including gas sensors, air quality monitors, and 

water purifiers, to tackle these challenges and 

identify answers (3, 10, 29). The World Health 

Organization said that air pollution in 2012 

was mostly caused by hazardous gases, 

leading to around 7.106 premature deaths [15, 

17, 25). CdS films are n-type semiconductors 

with an energy gap around 2.4 eV at room 

temperature. It has two phases: cubic and 

hexagonal (34, 41(. CdS films have been 

employed in many industrial and technological 

applications such as solar cells (8, 22, 23 28(, 

transistors (36(, gas sensors (7, 11, 33), light-

emitting diodes (44(, lasers (45(, 

photocatalysts (17), biosensors (35), and 

biolabels (40). Many techniques were 

proposed to prepare CdS thin films like have 

chemical spray pyrolysis, electrochemical 

deposition, molecular beam deposition, laser 

ablation, chemical bath deposition, and  

SILAR approach (39,42). Porous silicon (PS) 

is an important semiconducting material and 

draw attention due to its unique chemical and 

physical properties. This structure exhibited 

excellent photoluminescence properties, tuned 

energy gap, high surface area, etc. These 

properties enable porous silicon used in many 

applications for example, gas sensors, 

photodetector, and light emitting (1,13, 14, 

32). The porous silicon can be prepared by 

many methods such as anodization, laser-

asssited electrochemical etching, and stain 

etching  (4, 5, 24). For gas sensing application, 

the porous silicon as used effectively for 

sensing of NO2 and H2S (29).  Embedded of 

porous silicon with thin films have attracted 

interest due to improvement of its 

characteristics via reduction in structural 

defects and forming additional heterostructure 

devices. Several data have been reported on 

embedded on nanoparticles in porous silicon 

(19, 38).  In this regard, The main objective of 

this work is to fabricate CdS-embedded porous 

silicon sensor or H2S gas by laser-assisted 

chemical bath deposition and electrochemical 

etching. The structural and optical, and sensing 

properties ere investigated.   

MATERIALS AND METHODS  

All the chemical including cadmium chloride 

(CdCl2.H2O) provided by  New Delhi, INDIA), 

thiourea (NH2CSNH2, quality 99% ,New 

Delhi, INDIA), and  ammonia solution (NH3) 

were used as provided without further 

purification or filtration for deposition of  CdS. 

Preparation of  porous silicon 

The porous silicon as prepared by 

electrochemical etching procedure. The silicon 

used  was mirror-like p-type with orientation 

of (100) having 500 µm thickness and 

electrical resistivity of 10 Ωcm. The silicon 

substrate was cut into pieces with areas of 1 

cm2. The samples were sequentially cleaned 

using ultrasonic for five min using ethanol, 

acetone, and distilled water. After cleaning, 

the samples were drayed with heated air. The 

porous silicon was prepared using a home-

made photo-electrochemical Teflon cell and 

the details of this cell are presented elsewhere 

(21). The PSi layer prepared with the aid of  

halogen lamp to produce current.. The samples 

are immersed in the cell filled with a mixture 

of alcohol and hydrofluoric acid HF with 

concentration of 48%.  The current density and 

etching time were 10 mA/cm² and 10 minutes, 

respectively. This condition was selected 

precisely in order to produce a thin porous 

layer and low-porosity surface.  

Deposition  of CdS thin films 

Glass and porous silicon substrates were 

coated with CdS thin films after 30 minutes. 

All of the trials were conducted with a 

constant put the salt in a 250 mL beaker with 

100 mL of deionized water. Mix until 

dissolved entirely. 0.1 M of cadmium sulfate 

and 0.3 M of thiourea, respectively. A beaker 

with 100 milliliters of deionized (DI) water 

was used as the chemical bath system, which 

was continuously stirred at 90 degrees Celsius. 

The substrates used were glass slides 
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measuring 25 mm by 25 mm by 1 mm. We 

started by washing them in an ultrasonic bath 

with methanol, acetone, and deionized water 

(DI) for 15 minutes. After that, we dried them 

with hot air before using them as a substrate 

for the CdS thin film deposition process. In 

this investigation, p-type silicon with a (100) 

orientation and an electrical resistivity 

between 3 and 5 Ωcm was used. The silicon 

substrate had a surface area of one square 

centimeter. The substrates were cleaned using 

the RCA procedure before the film was 

deposited. A solution was made by mixing 5 

milliliters of aqueous ammonia with cadmium 

sulfate in deionized (DI) water at room 

temperature in order to develop a CdS film. As 

a buffer, ammonium sulfate was added at 

40°C. Before adding an additional 5 ml of 

aqueous ammonia, thiourea was added to the 

solution at 50°C. The ultimate volume of the 

solution was around 100 milliliters. The 

operation of the chemical bath was conducted 

at 90°C for 30 minutes of deposition time. 

 
Figure 1. ( a) preparation of CdS solution steps  and  (b) Systematic diagram of laser-assisted-

chemical bath deposition system 

in as shown in Fig. (1.a,b ). 

Characteristics: The structural properties of 

the porous silicon and CdS film were 

investigated using X-ray diffractometer 

(AERIS-  XRD from PANalytical) using Cu-

Kα radiation with λ = 0.15406 nm . The  

topography of the of the film as studied  

atomic force microscope (AFM   model ). The 
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morphology of the porous silicon and CdS 

film as investigated by field emission scanning 

electron microscopy FESEM (Inspect f 50-FEI 

business) and the chemical composition was 

estimated using  energy dispersive X-ray 

EDX. UV-VIS spectrophotometer (Jasco 

V670/Japan) was employed to measure the 

optical properties of the CdS films deposited 

on glass substrate. Raman Microscope setup 

(Bruker Sentera Germany) using a 532  and 

58nm laser wavelength.   

RESULTS AND DISCUSSION 

Structural properties: The CdS film XRD 

patterns on glass substrates prepared with and 

without laser irradiation are shown in Figure 2. 

Every film has crystalline structures, as can be 

seen, and the laser affects how crystallinity 

occurs. This figure confirms the formation of a 

polycrystalline CdS with a cubic structure. The 

26.74° and 32.43° prevailing growth directions 

are (111) and (200) planes, respectively. The 

results are somewhat consistent with the 

international standards for the CdS phase with 

a cubic structure (reference code: 00-001-

0647). (26).  The grin size varies from 

2.592nm at 30 min.. The results of the study 

reveal the size of the Cds  nanocrystallites  

increase is essentially influence by using the 

laser. The dependence on laser effects can be 

related to accumulation and a more intensity 

and uniformity comparison during the 

deposition time without laser. Using the 

Scherrer formula , the average grain size (L) 

was determined  for each film made for the 

preferred direction and it was discovered that, 

as indicated in Table (1) .In crystalline 

materials, the size of the grain has a significant 

impact on the material's characteristics by 

using eq.1 (19): 

𝑳 =
𝟎.𝟗  𝝀

𝜷 𝑪𝑶𝑺𝜽
                      (1) 

Where 𝜆 is the x-ray wavelength,  𝛽 is half the 

peak width, and 𝜃  is the peak angle. The 

density of dislocation of thin films is 

calculated using the following formula (17). 

The study used Eqs. 

2 and 3 to calculate dislocation density and 

grain count per unit area, finding that as 

particle size increases, the density of 

dislocations and grain count decrease   

𝛅 =
𝟏

𝐋𝟐                              (2) 

-and The Cds microstrain (ε) could be 

calculated (43). 

𝛆 =
𝐅𝐖𝐇𝐌 ×𝐜𝐨𝐭 𝛉

𝟒
                       (3) 
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Figure 2. XRD pattern of Cds thin films preparation by CBD at deposition time 30 min before 

and after exposure to green laser 

The deposition time in the chemical deposition 

process with laser assist has a significant effect 

on the structural properties of cadmium sulfide 

(Cds) layers. In general, time affects the 

crystal size, crystal distortion, layer thickness, 

and surface morphology. 
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Table 1. Effect of deposition time without laser and with laser on the Structural parameters of 

Cds thin films 

Morphological properties 

AFM: To investigate the effect of the green 

laser on the surface properties of prepared Cds 

thin films prepared by chemical bath 

deposition (CBD) technique, atomic force 

microscopy (AFM) was employed. Fig. (3) 

illustrate the 3D, 2D, and histogram of average 

grain size distribution for CdS prepared with 

and without laser irradiation.  The 3D AFM 

image confirms the formation of uniform CdS 

film with presence of some elongated CdS 

grains observed on the film surface for film 

deposited without laser. While the 3D image 

of the film deposited with laser shows the 

formation of more uniform CdS film with less 

elongated grains.  This result indicates that 

these grain formed lastly which consisted of 

agglomerated grains. The root mean square of 

the surface roughness of CdS film with and 

without  laser irradiation are listed in Table 

(2). This table shows that the square mean root 

(RMS) of  CdS film  prepared without and 

with laser irradiation was 3.264 and 1.993 nm, 

respectively. This result confirms the laser 

irradiation resulted in formation of smoother 

CdS film.  The grain size distribution exhibits 

Gaussian –like distribution, since the 

distribution was found to be narrower for 

sample deposited with using laser.   

 
Figure 3. 3D, 2Dimages  and grain size distribution of Cds prepared (a) without laser and (b)  

with laser 

 

 

 
2θ 

(Deg.) 

FWHM 

(Deg.) 
dhkl (Å) L (nm) Hkl 

Lattice 

constant 

(Å) 

δ × 𝟏𝟎𝟏𝟓 

(
𝒍𝒊𝒏𝒆𝒔

𝒎𝟐 ) 

𝜺
× 𝟏𝟎−𝟑  

Deposition 

Time (min) 

Laser 

Effect 

30 
Without 

laser 
26.74 3.1495 3.3064 2.592 111 5.726 148.767 57.818 

30 
With 

laser 
32.43 1.3809 2.7578 5.991 200 5.515 27.858 20.071 
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Table 2. Effect of deposition time without laser and with laser on the topographic layer of Cds 

Sample Time dop. (min) RMS (nm) Roughness 

average 

Sa (nm) 

Peak-to-peak 

Sz (nm) 

S1 30 3.264 5.957 71.163 

S2 30 with laser 1.993 0.926 27.301 

Figures (4) show the top view FE-SEM images 

of CdS prepared without and with  laser and 

the insets are the cross section FESEM images 

of CdS.  Fig.4a shows that the CdS film 

consisting of nanograins with average grain 

size of 70 nm.. The deposited CdS films are 

free of cracks and holes. The film deposited in 

presence of laser irradiation shows a 

significant improvement in the morphology, 

since the grains are spherical and almost have 

the same size which indicating the 

improvement in crystallinity quality. This 

result is consistent with XRD results.  The 

cross section FESEM of CdS film shows the 

film was not uniform distributed on the 

substrate, while it was observed more uniform 

when the laser used during deposition. This is 

due to the laser is coherence beam and provide 

the grains power that helps them to reordering 

and formed high degree of crystallinity film.   

 
Figure 4. FESEM images with different magnifications of CdS film deposited on glass 

substrate prepared (a) without and (b) with laser. Insets are the cross section FESEM images 

The FESEM image of CdS-embedded porous 

silicon are shown in Fig.(5). It is obvious from 

Fig.(5) that the CdS particles are filled the 

pores and distributed over the entire surface of 

the porous. We can see some agglomerated 

CdS particles on the surface which indicates 

that the pores are filled and the excess of CdS 

particles are formed on the surface. Fig.5b 

illustrates the creoss section FESEM image of 

CdS-porous silicon interface.   
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-a-                                                                               -b- 

Figure 5.  FESEM of CdS film-embedded porous silicon  (a) top view and (b) cross section of 

CdS-porous silicon 

Fig.(6) illustrates the UV-VIS transmission 

plot of CdS film deposited on glass substrate 

without and with presence of laser beam.  The 

transmittance were recorded in the range from 

300 to 900nm. Enhanced crystallinity arisen 

from using laser beam results in increases the 

transmission of the CdS film. The main reason 

could be ascribed to crystallinity and 

decreasing the surface roughness. Decreasing 

the surface roughness of the film can 

contribute effectively in increasing the film's 

[5]transmission. 
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Figure 6. UV-VIS optical transmission spectra of the CdS thin films deposited without and 

with laser beam irradiation. 

The optical energy gap (Ε𝑔) of CdS thin film 

for direct transitions was determined using 

equation Tauc method  (37):   

(𝜶𝒉𝝂)𝒏 = 𝚨(𝒉𝝂 − 𝚬𝒈)                    (4) 

where A  is a constant, n is the exponent that 

determine the transition type, 𝛼   refer to the 

absorption coefficient which can be calculated 

from the following relationship (30 ): 

𝜶 =
𝟏

𝒕
 𝐥𝐧

𝟏

𝚻
                                                  (𝟓) 

where  T is the transmittance in the high 

absorption region and t is the film thickness  

For direct transition, as in the case of CdS, the 

value of n = 1/2.  A plot of (𝛼ℎ𝜈)2 vs. ℎ𝜈 is 

shows in Fig. (8), the extrapolation of the 

linear part to photon energy axis gives the 
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value of optical energy gap (7), which is found 

Eg = 2.6 and 2.68 eV for films deposited  

without and with laser irradiation, 

respectively.  These values are larger than the 

that of bulk CdS  (Eg =  2.42 eV) due to the 

quantum size effect. The increase of optical 

energy gap with presence of the laser may be 

due to decreasing the grain size and 

improvement in film's  (1) stoichiometry show 

Fig.7.  
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Fig 7. Variation of (αhν)2 with photon energy of CdS films deposited without and with laser 

beam 

The elemental composition of the CdS films as 

determined by EDX. Fig. (8) shows the EDX 

spectra of CdS film deposited without and 

with laser. The spectra confirms the presence 

of main elements of the film: Cd and S. The 

weight percentage of Cd and S for film 

deposited with laser are 50.90 and 21.67, 

respectively, while the weight percentage of 

Cd and S without laser were 36.76 and 16.05, 

respectively. This result confirms that the 

stoichiometry of the film   deposited with laser 

has improved and its (Cd)/(S) ratio is around 

2.348. The EDX of Cds thin film show that the 

film contains amount N, O, Na, Si and Cl, 

these elements result from the solutions used 

in the chemical reaction in the preparation 

method and  the initial nature of the glass 

substrate. From the EDX analysis of Cds 

nanoparticles prepared using the present 

technique are free from impurities is well 

understood  ,the atomic proportion of Cd, S 

increased, by increasing the radiation from 

lasers and deposition time. 
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Figure 8. EDX spectra of CdS deposited ( a) without and (bwith green laser 

The Raman spectra of CdS films are    shown 

in Fig. (9). These peaks could be identified as-

multi-overtones of LO phonons, which 

contains  1LO (the first order), 2LO (the 

second order) and 3LO (third order), 

respectively at 300, 600 and 900 cm-1  which 

are consistent with reported results  [9]. It can 

be observed  that the intensity of Raman peaks 

is increased when the laser beam used during 

the deposition of the film. Indicating the 

improvement in film crystallinity.   
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Figure 9. Raman spectra of CdS thin films 

The gas sensing device was fabricated by 

depositing CdS film on porous silicon with 

and without laser. The sensing performance of 

the CdS-embedded porous silicon was 

investigated at 60 ppm concentration at 

different values of substrate temperatures: 75 

°C,125 °C, and 175 °C.  The variation of 

electrical resistivity with time plots when it 

exposure with H2S gas are shown in Fig.(10). 

The electrical resistance increases when 

exposed to gas indicating the sensor has 

responded to the gas. Increases the electrical 

resistance after exposure to gas is due to 

adsorbed the H2S gas atoms on CdS particles 

and  after the gas is removed, the resistance 

returns to its original value. The stability and 
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repeatability of the sensors, with two nearly 

identical sensing cycles. The samples show 

stable and repeatable behavior for two 

dynamic responses, indicating the sensor's 

efficiency and stability.  Fig.(10b) confirm that 

the sensitivity of the gas sensor was 

significantly increased when the laser used 

during the deposition of the CdS film. This 

improvement can be ascribed to reduction in 

structural defects accompanied the deposition 

of the films as well as the reduction in 

particles agglomeration [45]. 

 
-a-                                                                            -b- 

embedded -S gas for CdS2time variation during exposure to H-The resistance .10Figure 

porous silicon sensor at different temperatures (a)  without using laser and (b) with laser 

The sensitivity (S) is known as the ratio of 

Rg − Ra to Ra, where  Rg is the resistance in 

the presence of gas, and Ra  is the electrical 

resistance in the air. The sensitivity of the 

samples was calculated by the following 

equation, with 75°C, 125 °C, 175 °C and 60 

ppm [27]. 

𝑺 =
𝑹𝒈−𝑹𝒂

𝑹𝒂
× 𝟏𝟎𝟎 … … … (6) 

The obtained results indicated that the laser 

affects the gas sensing properties of the sensor. 

It shows that sensitivity increases with both 

S 2H the presence of a laser and higher

concentration. Furthermore, Table (3) includes 

that data of sensitivity, rise time, and recovery 

time, comparing the sample prepared without 

laser and with laser effect. The results suggest 

that laser presence improves response 

behavior, enabling more effective and reliable 

S at room temperature.2detection of H   

Table 3.  lists the sensitivity, rise time, and recovery time of CdS-embedded porous silicon as 

sensors fabricated with and without laser 

Samples 

 

Sensitivity % Rise time (s) Recover time (s) 

60 ppm 90 

ppm 

120 

ppm 

60 ppm 60 ppm 

75 

°C 

125 

°C 

175 

°C 

75 

°C 

75 

°C 

75 

°C 

125 

°C 

175 

°C 

75 

°C 

125 

°C 

175 

°C 

Without laser 4.68 19.26 3.60 9.59 19.26 10.5 7.6 7 5.3 4.7 3.9 

With laser 9.90 20.8 14.9 10.1 20.8 9.7 8 9.5 8.5 2.4 7.2 

Conclusion   

Cadmium sulfide (Cds) thin film has been 

synthesis by laser-assisted-chemical bath 

deposition (CBD) system. The structural, 

topographical, morphological, optical, and 

chemical properties of CdS were analyzed. 

The use of lasers during chemical deposition 

enhances crystal structure, reduces surface 

defects, and improves surface and 

morphological properties in CdS films, 

producing spherical grains with better 

crystallinity quality and aligning with XRD 

findings. Morphological investigation revealed 

that CdS particles were present in clusters on 

the porous silicon surface and inside the pore. 

The optical energy gap in films deposited 

without and with laser irradiation is larger than 

bulk CdS due to the quantum size effect and 

improved stoichiometry. A gas sensing device 

was created by depositing a CdS film on 

porous silicon with or without a laser. The 

sensor's performance was tested at different 

substrate temperatures and exposure to H₂S 

gas. The sensor's efficiency and stability were 
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confirmed, with a significant increase in 

sensitivity due to laser deposition and particle 

agglomeration. Improved surface and 

morphological characteristics contributed to 

the sensor's increased ability to detect H₂S gas. 

A sensor made with a laser effect exhibited 

reliable detection of H₂S at room temperature, 

and that can be applied in environmental or 

industrial contexts. This results make it 

possible to extend to other gases to test the 

efficiency of the multi-purpose sensor. 
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