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Deposition of cadmium sulphide (CdS) thin films on glass substrates in acidic medium by photochemi-
cal deposition (PCD) and studies by several characterizations are presented. The structural characteriza-
tion of the thin films was carried out by XRD. The elemental composition of the thin films was carried out
by EDAX. The optical properties have been studied in the wavelength range 200-900 nm and the optical
transition has been found to be direct and allowed. The morphological properties are studied by AFM and
electrical properties are studied by four probe technique.
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1. INTRODUCTION

CdS is a II-VI metal chalcogenide compound semi-
conductor with a direct band gap (2.42 eV) finds appli-
cation in the field of optoelectronic devices [1], multi-
layer LED, optical filters [2], photoconductor [3], thin
film FET [4], gas sensors [5] and in thin film solar cells
[6] in the last few decades. Deposition of thin films oc-
curs by various methods. Among them, electrochemical
deposition (ECD) [7, 8] and chemical bath deposition
(CBD) [9-11] occurs in aqueous medium. In ECD, depo-
sition occurs in the presence of external electric field
while CBD is an electroless-deposition method over-
coming the necessity of a conducting substrate. But
controllability of the chemical reaction and deposition
process is poor in CBD. A novel PCD technique provid-
ing better controllability has been developed in 1997 by
Masaya Ichimura, Goto and Arai [12]. In PCD, a sub-
strate held in an aqueous solution containing S2O3-
and Cd?* ions is irradiated with UV light. The PCD-
CdS film is deposited only in the irradiated region of
the substrate, not in the whole of the solution unlike in
CBD and hence offers betters controllability. The thio-
sulfate ions absorb the UV photons and release solvat-
ed electrons and sulphur atoms, which react with Cd?*
to form CdS. The rate of deposition is proportional to
the intensity of UV radiation.

2. EXPERIMENT

CdS thin films were deposited on soda lime glass
substrates of dimension (2.5 x 2.5 x 0.145 cm3). The
substrates were ultrasonically cleaned using acetone,
dried in an oven to ensure good adherence and uni-
formity of the film. A schematic diagram of PCD is as
shown in Fig. 1. Aqueous solution of 756 mL of 0.2 M
cadmium sulfate (CdSOs) as cadmium source and
50 mL of 0.2 M sodium thiosulfate (Na2S203) as sul-
phur source constitutes 125 mL of growth-solution in a
glass beaker containing magnetic peddle (length
14 mm). The diameter of the glass beaker was about
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PACS numbers: 73.90. + f, 73.61.Ga,
61.05.Cp, 68.37.Ps

5.5 cm. After stirring the solution for few seconds, di-
lute sulphuric acid (H2SO4) was added drop wise to
reduce pH of the solution to 3.6. Then the beaker was
kept on a heater cum magnetic stirrer (Remi). The
cleaned substrate was held horizontal in the aqueous
solution at a distance of 3 mm from the solution-
surface. Stirring rate was adjusted to 300 rpm. The
deposition was at room-temperature (28 °C).
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Fig. 1 — Schematic PCD-apparatus

The substrate was illuminated by light from a high
pressure mercury arc lamp 500 W using a spherical
quartz lens (Fig. 2). The solution was being continuous-
ly stirred to promote transport of the ions to the illu-
minated region (10 mm). After 1 hour of deposition, the
substrate was removed and dried in an electric oven.
CdS thin film was found deposited only on the illumi-
nated region of the substrate.

2.1 Photochemical Reaction

CdSO4 dissociates into Cd?" and SO42- in an aqueous
solution by the following reaction:

CdSO, — Cd* +S02 @.1)
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Na2S203 in an aqueous solution dissociates into
2Na* and S2032- by the following reaction:
Na,S,0, — 2Na* + 5203~ (2.2)
Elemental sulphur S is released when S203%- ions
dissociate under irradiation, in an acidic solution of pH
3.6 [12]:
S,0F +hv — S+S0% (2.3)
It is known that S is also released from S2032- in an
acidic solution by the following reaction
2H" +8,02” - S+H,S0, (2.4)
In the presence of UV light S2032- ions liberate elec-
trons:
28,05 +hv — 8,0, +2¢ (2.5)
Similarly electrons are also generated when S2032-
ion combines with SOs?- (sulphite ion) in the presence
of UV light:
SOZ +8,02 +hv —S,05 +2¢ (2.6)
The S2032- ions act as a reducing agent to form
S406% (tetrathionate) ion or S30e2- (trithionate) which
supplies electrons for the reduction of Cd2* ions. Cd%*
ions combine with elemental sulphur S in the presence

of electrons to form CdS at the illuminated region on
the substrate:

Cd*" +S+2¢ > CdS

@.7)

Fig. 2 — Photograph of PCD experimental arrangement

3. RESULTS AND DISCUSSION
3.1 Structural Analysis
3.11 X-ray Diffraction (XRD)

The X-ray diffraction (XRD) patterns of the CdS
thin films were recorded in a XPERT PRO X-ray dif-
fractometer operated at 45 kV and 30 mA at 0.03°/1.3 s
in the 260 range 5.025°-79.985° using CuKa radiation
(A=1.564056 A). Fig. 3 shows the X-ray diffractogram of
CdS thin films on glass substrate.
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Fig. 3 — XRD pattern of the CdS thin film

The peaks (100), (002), (101), (102), (110), (103),
(004), (104), (211) and (105) confirm the hexagonal
structure. The grain size value calculated using Scher-
rer relation [13] is found to be 90 nm.

D, =KA/l fcos@

Where K is the Scherer’s constant, A is the wave-
length of the X-ray, g is full-width at half-maximum
(FWHM) and 6 is the Bragg angle.

3.12 Energy Dispersive X-ray Analysis (EDAX)

Fig. 4 shows the EDAX spectrum CdS thin films.
The spectrum exhibit peaks corresponding to presence
of cadmium, sulphur of CdS, oxygen of substrate (SiOs2)
and carbon (contamination). The atomic percentage of
Cd and S are 9.90 and 3.65 respectively.
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Fig. 4 — EDAX spectrum of CdS thin film

3.2 Optical Analysis

Room temperature optical measurements of CdS
thin films are carried out using GBC CINTRA 40 Mod-
el UV-VIS spectrophotometer in the wavelength range
200-900 nm. The transmission spectrum of CdS thin
films as a function of wavelength is as shown in Fig. 5.
The transmittance is found in the range of 47-75 %. The
actual transmittance of the films is reduced due to the
scattering of light on the surface of the CdS film. The
calculated bandgap value is found to be 2.35 eV [14].

3.3 Electrical properties

The resistivity of CdS thin films deposited on glass
substrate was measured using DC Probe Station 1
(PM5 with Thermal Chuck, Agilent Device Analyzer
B1500A) four-point probe technique. The sample used
was 1 cm x 1 cm. The resistivity of the film was found
to be 1.049 x 106 Q-cm [15]. The reciprocal of resistivity
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Fig. 5 — Optical transmission spectrum of CdS thin film

gives conductivity of the film. The conductivity of the
film is found to be 9.5 x 10-7 (Q-cm) ~ 1. The high resis-
tivity of the CdS films might be due to the grain
boundary effects due to the roughness and non-
uniformity in the film.

3.4 Atomic Force Microscopy (AFM)

Topography imaging and roughness quantification of
CdS thin films were carried out by a Bruker AFM with
scanasyst in tapping mode. AFM picture of CdS thin films
in 2D and 3D is as shown in Fig. 6 and Fig. 7.

Fig. 6 — AFM 2D image of CdS thin film

Fig. 7 provides the values of rms roughness
Rg =121 nm, average roughness Ra = 96.1 nm and the
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Fig. 7— AFM 3D image of CdS thin film

Z-max is 1.7 um. From the values of Z-max, we con-
clude that the thickness of the CdS thin film deposited
using CdSO4 source is not more than 1700 nm indicat-
ing that the roughness of the film is thickness-
dependent, a result in good agreement with earlier re-
ported results [16, 17]. In Fig. 7, the grains of relatively
larger size are distributed over the surface uniformly.

4. CONCLUSION

PCD has emerged as a novel technique for deposi-
tion of compound II-VI semiconductor thin films offer-
ing better control over the deposition on the substrate
in aqueous medium. CdS thin films are deposited suc-
cessfully by PCD. The structural characterization con-
firms the hexagonal structure. The optical properties
reveal a band gap of 2.35 eV. EDAX confirms the pres-
ence of Cd and S. AFM gives a Z-max of 1700 nm and
and electrical resistivity by four-point probe technique
is found to be 1.049 x 108 Q-cm. This work is of funda-
mental nature from the point of view of suitability for
application of the CdS thin film as window material in
heterojunction solar cells.
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