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ABSTRACT 

(Cdx-Pby-Znz)S thin  films  have been  deposited  on  glass  substrates  by cost-effective and very simple 

method called chemical bath deposition technique  at 60ºC in an aqueous ammonium solution of  bath 

containing cadmium acetate, zinc acetate, lead acetate and thiourea using double distilled water at 

different concentration for their potential application in optoelectronic devices. X-ray diffraction (XRD) 

spectra revealed the structural properties of the films that deposited thin films exhibit both cubic and 

hexagonal crystal structure. Scanning electron microscope (SEM) Study for the Surface morphology of 

the as deposited films confirm that the cabbage type structure present in the sample and elemental 

study using Energy-dispersive X-ray analysis (EDAX) were done and it is confirm that all the elements 

used to prepared films are present. The Fourier transform infrared (FTIR) spectra show different 

chemical bonds present in the as-deposited film.  

 
1.  Introduction 

The electro-optical properties of binary and ternary 
ZnS/CdS/PbS/(Cd-Pb)S/(Cd-Zn)S thin films prepared by the 
CBD technique have piqued the interest of researchers because 
this technique is regarded as one of the simplest and most cost-
effective methods for producing high-quality nano-crystalline 
films. Photoconductors are normally composed of 
semiconductors, which show an enhancement in electrical 
conductivity due to the absorption of photons. Among the 
binary compounds, PbS, ZnS, and CdS are the most typical 
inorganic semiconductor materials owing to their band 
structure. The properties of (Cd-Zn)S and (Cd-Pb)S thin films 
lie between the properties of CdS, PbS, and ZnS, widely used 
as a wide band gap window material in heterojunction 
photovoltaic solar cells and in photoconductive devices [1]. 

Ternary films based on CdS, PbS, and ZnS have a 
percentage of (CdxPb1-xS)/(CdxZn1-xS), and optical 
investigations demonstrate that the band gap value of these 
ternary compounds varies with x. The current investigation 
addresses the generation and surface characteristics of thin 
films composed of quaternary metal sulfide (Cdx-Pby-Znz)S 
on glass substrates adopting the CBD technique. 

 
2.  Materials and methods 

2.1  Materials 
The thin films (Cdx-Pby-Znz)S were deposited using 

cadmium acetate Cd[(C2H3O2)2.2H2O], zinc acetate 
Zn[(C2H3O2)2.2H2O], lead acetate Pb[(C2H3O2)2.2H2O], and 
thiourea [NH2-CS-NH2] of 1M solution as a source of ions for 
Cd2+ [2]. An aqueous ammonia solution 30% was utilized to 

keep the pH level at 11, and tri ethanolamine was employed as 
a complexing agent. At low temperatures, this solution controls 
the chemical reaction, and prevents the creation of colloids in 
solution; at high temperatures, NH3 evaporates as a HO- ion, 
and film growth gets controlled by cluster-by-cluster 
mechanisms [2].The beaker containing the aqueous solution of 
the chemicals is well covered with another inverted, larger 
beaker to prevent some ammonia loss. The solution is stirred 
for a few minutes during its beginning, and no further stirring 
is done during the deposition. The concentration of the 
precursor solution for cadmium acetate, zinc acetate, lead 
acetate, and thiourea was 1M for each solution. After being 
removed from the chemical bath, the formed thin films were 
washed with de-ionized water to collect loosely adhered 
particles on the substrate surface [3]. 

 
2.2  Methods 

The films are deposited utilizing chemical bath deposition 
techniques. This method of production is one of the most 
inexpensive and easy-to-follow methods for synthesizing 
mixed-base (Cdx-Pby-Znz)S type films. Several techniques, 
such as thermal evaporation, RF sputtering, pulsed laser 
evaporation, chemical vapor deposition (CVD), and chemical 
bath deposition (CBD), have been used for forming (Cdx-Pby-
Znz)S thin films. Chemical bath deposition is the most 
advantageous of these procedures since it is inexpensive and 
can be used to produce thin coatings over a vast area. The 
surface of (Cdx-Pby-Znz)S thin films produced by chemical 
bath deposition is typically observed to be smooth and layered. 
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The As-deposited (Cdx-Pby-Znz)S thin films were left for 24 
hours at room temperature for drying in a desiccator. The 
structural analysis of thin films was carried out by an X-ray 
diffractometer using Cu-Kα radiation (λ = 1.5405 Å) [4]. A 
scanning electron microscope (SEM) equipped with an energy-
dispersive analysis of X-rays (EDAX) was implemented to 
analyse the microstructure and elemental composition of the 
thin films. The Fourier transform infrared spectra for thin films 
deposited were recorded. 

 
2.3  Characterizations 

2.3.1  Photoconductivity study 

For the PC and DC study tests [5], the photo excitation 
source was a commercial 100W incandescent bulb, and the 
voltage source was a regulated power supply. The film's 
responses were identified by monitoring photocurrent with 
respect to time and voltage [6]. The entrapment and 
recombination centres that have been discovered inside the 
material are well known to influence the rising and fading 
photocurrent curves. These curves could help us understand the 
nature and occurrence of trapping and recombination centres. 
Photoconductive materials' reaction time is an important 
feature. Response times are slow when there are several 
trapping centres. When the excitation source is removed, the 
carriers are gradually released; hence, trapping increases the 
decay time. Thin film photoconductive properties have been 
widely investigated for a number of reasons [7]. 

Study of photocurrent: Different concentrations for the 
system's (Cdx-Pby-Znz)S photoconductivity were demonstrated 
for samples S-1, S-2, S-3, and S-4. According to Figure 1 
photocurrent ranges from 2.0×10-6 A to 4.75×10-6 A, with the 
maximum being 4.75×10-6 A for sample number 3. As PC gain 
ranges from 6.6×105 to 47.5×106, the maximum gain obtained 
was 47.5×106. This graph depicts the development and 
degradation of photocurrent in materials deposited at various 
concentrations. In this image, it is obvious that photocurrent 
influences concentrations of the produced sample and is 
greatest for sample No. 3 [8]. 

 

 
Figure 1: Photocurrent v/s Time [1]. 

 
Figure 2: Dark current vs. voltage [1]. 

 
Study of dark current: A study of the fluctuation in 

sample dark current v/s voltage is shown in Figure 2. These 
figures illustrate a little variation in dark current when there is 
no external light source at various concentrations. According to 
Figure 2, DC is the least for sample No. 3 and the maximum 
for sample No. 4 [8]. 

 
3.  Results and discussion 

3.1  Structural analysis and surface morphology 

Figure 3 shows the XRD pattern of the (Cdx-Pby-Znz)S 
photoconductive material. This pattern demonstrates how 
many notable peaks reach their respective planes. Diffraction 
lines are assigned by comparing them to ICSD data. The XRD 
pattern's peaks all match up with typical ICSD data for CdS, 
ZnS, and PbS. The Debye-Scherrer formula was implemented 
to estimate the average size of crystallites. 

 

 
Figure 3: XRD patterns of the CdS thin films. 

 
D = 0.94λ/βcos θ                                                              (1) 
 
where λ is wavelength of the x–ray = 1.5406 A, β is the 

FWHM of (111)C peaks, and θ is the Bragg angle.  
The range of crystallite sizes of grain has been found to be 

5.717 nm at the highest peaks. In addition to determining 
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characteristics like the lattice interval, lattice constant, and 
Miller indices, XRD is used to analyse the samples. Sharp 
peaks suggest a polycrystalline structure for the produced 
films. The overall crystal is composed of many atomic layers 
in cubic phases. 

The materials used to create the film that was deposited 
matched the information on ICSD data card number 98-008-
1925 with stick pattern diagram Figure 4 of CdS, which 
verified the film's creation having a cubic structure. The crystal 
structure is cubic at the plane [111] of space group (F-4 3 m) 
and space group number 216 [9]. 

Figure 3 shows the stick pattern of matched XRD data, 
and table number 1 explains the details of the XRD pattern on 
which PbS has a cubic structure with space groups (F m -3 m) 
and space group number 225 and matched the information on 
ICSD data card number 98-064-8452 with stick pattern 
diagram Figure 5 [10]. 

Similarly, ZnS belongs to space group (F -4 3 m) and 
space group number 216 with a cubic structure and matched 
the information on ICSD data card number 98-016-8377 with 
stick pattern diagram Figure 6 [11]. 

 

 
Figure 4: Stick patterns of the CdS thin films. 

 

 
Figure 5: Stick patterns of the PbS thin films. 

 

 
Figure 6: Stick patterns of the ZnS thin films. 
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                                        (a)                                                                       (b)  

Figure 7: (a) Stick patterns of the (Cdx-Pby-Znz)S ,(b)Quantification of compound in (Cdx-Pby-Znz)S thin films. 
 
Figure 7(a) shows the stick patterns of the (Cdx-Pby-Znz) 

of whole films and Figure 7(b) shows the percentage 
quantification of compound in thin films, where the CdS 
compound is composed of 43% haweylite structure and 30% of 

PbS and 27% of  ZnS both are in the cubic compound. Table 2 
illustrates the pattern list of (Cdx-Pby-Znz)S film, In  which 
CdS, ZnS and PbS includes  in the XRD pattern and 
stick patterns and verifies present of this compound. 

 
Table 1: The matched data of (Cdx-Pby-Znz)S with the ICSD Data Card Number 

Compound name Space group Lattice constant ICSD data card No. 
CdS (cubic) F -4 3 m a = b = c = 5.8300 Å 98-008-1925 
PbS (cubic) F m -3 m a = b = c = 5.9340 Å  98-064-8452  
ZnS (cubic) F -4 3 m  a = b = c = 5.4300 Å 98-016-8377 

 
Table 2: Pattern List 

Ref. code Score Compound name Scale factor Chemical formula 
98-008-1925 57 Hawleyite 0.048 Cd1S1 
98-064-8452 26 Galena 0.013 Pb1S1 
98-016-8377 27 Zinc Sulfide 0.006 S1Zn1 

 
3.2  Structural morphology and elemental study 

Scanning electron microscopy (SEM) was used to 
investigate the surface morphology of as-deposited (Cdx-Pby-
Znz)S thin films [12]. Figure 8 shows the SEM micrograph of 
an as-deposited (Cdx-Pby-Znz)S thin film. The deposited thin 
film is homogeneous, with a few isolated clusters visible in the 
scanning electron micrographs. These few well-defined high-
density development regions (clusters) may be attributed to 
local heterogeneity in growth conditions. 

The chemical homogeneity of the films was assessed using 
EDAX. The EDAX spectra were acquired at various spots 
throughout the film. The typical EDAX spectrum of the as-
deposited thin film appears to be displayed in Figure 9. The 
different quantities of cadmium, lead, and zinc X-ray counts at 
different sites revealed that the composition of thin film was 
nonstoichiometric in nature. 

 

 
(a)                                                    ( b)                                                       (c) 
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(d)                                                          (e )                                                 (f ) 

Figure 8: SEM micrographs of (Cdx-Pby-Znz)S at different magnifications [1KX, 5KX, 10KX, 15KX, 20KX, 30KX]. 
 

 
Figure 9: EDAX image of (Cdx-Pby-Znz)S. 

 
Table 3: Quantitative elemental analysis of as-deposited (Cdx-Pby-Znz)S thin films 

Element Link type Wt % Atomic % 
Zn K series 3.49 3.44 
Cd L series 93.65 94.37 
Pb M series 2.86 2.19 

Total  100 100 
 

3.3  Fourier-Transform Infrared Spectroscopy (FTIR) 
A thin film of (Cdx-Pby-Znz)S as deposited appears by 

different FTIR peaks in Figure 10. The FTIR spectrum has a 
peak at 3350 cm-1 due to cadmium sulphide and a peak at 3350 
cm-1 due to free O-H group; a peak at 1700 cm-1 due to the 

presence of the hydroxyl group of the water C-H bond; a peak 
at 1450 cm-1 due to the S-O bond; and a peak at 1000 cm-1 due 
to the S-S bond. The Cd-S bond is the reason for the peak at 
650 cm-1 [13]. 

 

 
Figure 10: The FTIR spectrum of the (Cd.x-Pby-Znz)S thin film. 
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Table 4: Interpretation of the peaks obtained by the FTIR spectra of the synthesized (Cdx-Pby-Znz)S thin film [13]. 

Peak Region Intensity Interpretation 

a 400-480 Sharp and strong Cd-S bond stretching (CdS nanoparticles 

b 650-850 Small and weak S-S-S bending or C-H stretching (crystal s-s-s bond or acetone) 

c 1060-1120 Broad and small C-O or S-O (acetone or sulphate) 

d 1380-1640 Sharp and small C-H bending of CH3 (Acetone) 

e 3140-3460 Sharp and small Intermolecular H-bonds (Lattice water) 

 
5.  Conclusions 

The photoconductive (Cdx-Pby-Znz)S thin film was 
fabricated using a cost-effective chemical bath deposition 
technique on a glass substrate. Photocurrent for sample number 
No. 3 is 4.75×10-6 maximum and gain is also 47×106 
maximum. The X-ray analysis revealed a cubic structure. From 
the XRD result, the particle size at the highest peak is 5.717 
nm. The SEM micrograph gives the spherical-type structure, 
and EDAX confirms that all elements used in the deposition of 
thin films are present in our prepared films in non-
stoichiometric form. 
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