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Abstract:

The Cadmium sulfide (CdS) is the most advantageous material for the manufacture of
the elaborate solar cells in thin layers, the study that we present, will relate to the elaborated
and the characterization of CdS thin film deposited on glass substrates by chemical bath
deposition (CBD) method. This study will help us to know if the annealing atmosphere nature
affects the deposition of thin films of CdS. The X-ray diffraction (XRD) analysis reveals that
the structures of pure thin films are Hexagonal and polycrystalline with preferential
orientation (002). The scanning electron microscopy (SEM) measurements showed that the
surface morphology homogeneous and uniform. The energy dispersive X-ray analysis
(EDAX) studies confirmed that the films are nearly stoichiometric. The transmittance in the
visible region (200-800 nm) is high of 60%, and band gap values oscillated between 2.36 and
2.47 eV for al thin films.

Keywords: CdS, CBD, annealing atmosphere nature, microstructure and optical properties.
1- Introduction:

Cadmium sulfide (CdS) is considered to be one of the most promising and utilized
materials as window layer in different type of hetero-junction solar cells [1, 2]. It is an n-type
semiconductor [3] that belongs to the chalcogenide family, which is characterized by a high
absorption coefficient and a wide band gap energy E,=2.40 eV [4]. These last years the CdS
thin films took a large part in the work of solar cells based on thin films. CdS thin films can
be deposited by serval method as RF magnetron sputtering [5], chemical vapour deposition
[6], sol-gel [7], spray pyrolysis [8] and chemical bath deposition (CBD)[9,10].The last
method has increased interest in the preparation of thin films, due to certain advantages,

because it is simple, inexpensive and allows to deposit thin films with large surface.
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In this study, thin films of Cadmium Sulfide (CdS) deposited by the chemical bath method
(CBD), the effect of different annealing atmosphere nature on the microstructure and optical

properties of the CdS films are discussed.

2- Experimental:

The first step in this work the preparation of the chemical bath, the precursors used to
deposit our thin films CdS and as a follow; the product used as a source of cadmium is
cadmium chloride CdCl,, mixed with Thiourea [SC(NH,),] were prepared using distilled
water as source of sulfur, mixed with an complexing agent NH4Cl. The bath temperature was
regulated with an IKA ETS-D6 regulator, the bath temperature is 60°C and the deposition
time was 60 min, we used this condition after many study of condition of deposition [10-14].

The CdS film reflects the electron. Annealing films of CdS thereby at 500°C under
nitrogen for 1 hour. These conditions of deposit have been chosen based on the study carried
out by The choice of annealing under nitrogen is due to the sulfur oxide formation if one
makes the annealing under oxygen. This study will help us to know if the annealing
atmosphere nature affects the deposition of thin films of CdS.

The structural proprieties of CdS thin films were carried out using X-Ray
diffractometer (BRUKER AXS D5000 X-ray Diffractometer), with Cu Ko (A=1,54056A°)
angel scanning 20. The study optical have been performed using UV-Vis spectrophotometer
(Helios gamma spectrophotometer) working in the range 200-800 to study the transmittance
and electrical gap energy. The surface morphology was studied using scanning electron
microscopy (JOEL JSM 6360).

The reaction mechanism of CdS nanoparticles:
For obtaining homogeneous thin films reaction must be rapid, the reaction rate can adjust it

according to the ammonia concentration, the process of deposition of thin films as following:

CdCl, + 4NH; = [(CdNH3),]** + 2CI

[(CANH3),]?t =—= Cd*" + 4NHj; (Cd*" released) (1)
(NHy), + OHF =—= CH)N, + H,O + HS"

HS + OH =——= H,0 + S* (S released) (2)

Cd** +S* =——==CdS (CdS formation) (3)

1- Results and discussion:

3-1 Structural Properties:



Figure 1 shows the X-ray diffraction diagrams of CdS annealing under nitrogen and
oxygen, were recorded in 20 intervals from 20° up to 70° with the step 0.1°. The
diffractogram indicates the presence of the phase CdS compound after annealing treatment
under nitrogen. As seen, it is clear that the film of CdS are polycrystalline the all peaks of
CdS is detected at 20 = 24.90, 26.85, 28.65 which can be assigned to the (010), (002), (011)
respectively from (JCPDS - 98-015-4188). The preferred orientation lies along the (011)
plane, the resulted XRD confirms the absence of cadmium oxide. Figure 1-b shows the XRD
diffractogram of film of CdS annealing under oxygen we note appearance of the new peaks
corresponding to the CdO oxide at 26 = 33.80 nm which correspond to the (200) plan from
JCPDS 00-039-1221. The diffractograms indicate that the phase is hexagonal CdS. The X-ray
diffraction spectra were used to determine the grain size “D” is calculated using the Debye-

Scherrer formula (1).

kA
L[ cosé

Where K is the Scherrer constant value corresponding to the quality factor of the apparatus

()

measured with a reference single crystal, A is the wavelength of the X-ray used; § b is the full
width at half maximum of the peak and 0 is the Bragg angle.

The crystallite sizes of the CdS film after different annealing values are also given in table 1.

Table 1 shows the crystallite sizes of the CdS film after annealing under nitrogen and oxygen.
The size of the crystallites varies between 35 nm of CdS film after annealing under nitrogen.
The size of crystallite sizes of CdS varies between 30 nm of the CdS and D ,0y=30 nm of the
CdO after annealing oxygen, we find that the type of annealing influences the size of the
crystals. The crystallographic study shows that the size of the crystallites does not change as a
function of condition of annealing. Earlier literature Bilgin et al. [15] and Barote et al. [16]
have showed similar results.
3-2 Morphological and Composition:

Figures 2-a, b shows SEM images of the CdS film deposited on a glass substrate
annealing under nitrogen and oxygen .there are no fissures on the film, which means that the
CBD deposit method provides us with homogeneous and uniform thin film. The CdS grain

size increase from 20 to 45 nm. The CdS film annealing under oxygen presents the particle of



CdO oxide and botfly uniform on thin film. This result is in agreement with the X-ray
diffraction studies.

The grains interacted with each other and agglomerated, the thickness of CdS film is
approximately 80 nm. This result is in agreement with A. Djelloul and Be Xuan Hop [17,18].
The film thickness of CdS films grown at 500°C annealing under oxygen was estimated using
cross-sectional SEM images shown in figure2c. From these images, the measured film
thickness was approximately 100nm for CdS thin film, the volumes and the surfaces of these
layers were uniform and dense. Compositional studies of annealed sample shown in Fig. 3
(d); show that the sample has stoichiometric growth. The EDAX technique is used to
determine quantitative composition of CdS films deposited on glass substrate. It is clearly
seen that only the peaks of Cd and S are observed, along with significant Silicon from the

glass substrate. This result corroborates the one obtained from XRD.

3-3 Optical Properties:

Figure 3 shows the optical transmission spectrum (T) of thin film of CdS on glass substrate on
the UV-Vis, were measured in 200-800 nm range. We note that the transmittance changes as a
function of annealing atmosphere nature, the transmittance of the films varies between 55-
60% in the visible region this results is compared to many published results [19]. This study
shows that the nature of the atmosphere influences the transmittance of the film. The optical
energy band gap of the films presents in fig.3-b.c.d. The band gap values were in the order of
2,40 eV for before annealing and 2.36eV, 2.47eV to after annealing in N, and after annealing
in O,. These values are in good agreement with CdS band gap values reported by other

authors [20-21].

4- Conclusion :

In summary, the influence of different annealing atmosphere nature on the
microstructure and optical properties of CdS thin films is presented. The CdS has been
prepared using chemical bath deposition (CBD) on glass substrate. The CdS thin films show

polycrystalline hexagonal structure, the preferred orientation lies along the (011)
plane. The surface morphological analysis that the micrograph revealed a nanoparticle nature
and the deposited films were found to be homogeneous, The EDX suggests the stoichiometry
of the films. The optical properties depend on the atmosphere nature, it can be concluded that
after a heat treatment at 500°C, 60 minutes under a nitrogen sweep, a CdS film formed by

CBD without the presence of CdO and contains some carbonaceous impurities.
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Figure 1

XRD patterns of CdS thin films annealed at different atmospheres.



wt:%a] at. %]
2223593 | 4939618
7776407 3060382
100.00 100.00

00pm WL 18 Tmm

Figure 2

SEM micrographs of CdS thin films annealing under: a) nitrogen and b) oxygen, c) Cross-sectional SEM

image of CdS film grown at 500°C annealing under oxygen, d) EDAX spectrum of annealed CdS thin film.
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Figure 3

Optical transmittance spectra of CdS thin films and Variation of (ahil)2 with photon energy (Eg) of CBD
CdS films.
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