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STRUCTURAL AND OPTICAL PROPERTIES OF ZnS
FOR STUDY OF THICKNESS DEPENDENT THIN FILMS
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Abstract: Zinc sulphide (ZnS) thin films were deposited on glass substrate using relatively
simple chemical bath deposition. method (CBD), using the mixed aqueous solution of zinc
sulphate, thiourea and ammonia. The ammonia was used as the complexing agents. The
preparative parameters are concentration, pH of solution, deposition time and temperature
has been optimized. Thin films of ZnS with different thickness 100-350 nm were prepared by
changing the deposition time from 20-100 minutes at 80°C temperature. The effect of film
thickness on structural and optical properties was studied. The thin films were characterized
by using X-ray diffraction (XRD) and Fourier transformation, Infrared spectroscopy (FTIR).
The effect of thin films thickness on optical and structural properties has been studied.
Keywords: Zinc Sulfide, Thin films, structural and optical properties

Introduction

Zinc Sulfide ZnS is a semiconductor with
large band gap which becomes highly
efficient luminescent material belongs to I1-
VI group. ZnS thin films have also been
widely studied due to their employment in
an antireflection coating for heterojunction
solar cell(1), for light emitting diode (2,3)
and other optoelectronic device such as blue
and green emitting laser diodes (4),electro
luminescence devices and photovoltaic cells
which enable wide application in the field of
displays(5,6), sensors and lasers(7) There
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has been growing interest in developing
techniques for preparing semiconductor
nano particles and films.

ZnS films can be prepare by several
techniques such as thermal evaporation (8,
9), spray pyrolysis (10_13) , molecular beam
epitaxy (14), RF reactive sputtering (15),
Pulsed Laser Deposition, Chemical bath
deposition technique. In present
investigation ZnS thin films have been
deposited using chemical bath deposition
method.The structural and optical properties
of the deposited ZnS thin films were studied.
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Materials and Methods:
The deposition of films was carried out by
using Coring glass slide

(25mm*75mm*1mm) as substrates which
were initially boiled in concentrated chromic
acid for 30 minutes, rinsed in acetone then
double de-ionized water and finally
ultrasonically cleaned. All analytical grade
(A.R) reagents were used as it is without
further purification. For deposition of ZnS
thin films aqueous solution of 0. 1M Zinc
acetate, 0.3 M thiourea and complexing
agent 25 % aqueous ammonia were used.
Initially 10 ml of Zinc acetate
Zn(CH3COO0);, solution and 3 ml ammonia
were placed in 100 ml beaker, after stirring
for several minutes solution becomes
colorless and homogeneous under continous
stirring, 10 ml thiourea solution was
introduced. The ZnS thin films were
The crystallographic structure of the films
was analyzed with a X-ray diffracto meter
card no (010812). The thickness of thin film
was measured by the weight difference
method at room temperature. The variation
of films thickness with deposition time is as
shown in figure (1) The thickness of ZnS
thin films was measured by weight
difference method. This ZnS films had
maximum terminal thickness of 320 mm for
deposition time 60 min, after this films

deposited on glass substrate by CBD
technique. The process involving a
controllable chemical reaction at a low rate
by adjusting pH and temperature of working
solution.

The experimental arrangement consists of a
special substrate holder which is attached to
motor having a constant speed of 60 r. p. m.
The temperature of chemical bath was
adjusted with a hot plate and a temperature
controller (+5%), while magnetic stirrer is
applied to promote ion by ion heterogeneous
growth on the substrate. The pH value of
working solution was adjusted by a pH
meter above 8 for different deposition time
(20-100) minutes and temperature at 75 +5°%
(16). After deposition the substrates were
removed from the chemical bath and cleaned
in Dl water.

thickness starts to decreases due to peeling
of the materials from the substrate [17].
Results and discussion:

Optimization  of  deposition  time:
Deposition time is optimized by taking a
substrate out of bath at regular interval of
20minutes. Figure (1) shows the variation of
films thickness with deposition time. Film
thickness increases up to 60 minutes
deposition time and then decreases. The
maximum thickness obtained by constant
temperature bath method is about 305 nm.
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Figure (1): Variation of films thickness with
deposition time.

FTIR analysis:

FTIR spectra of ZnS thin films as shown in
figure (2). The spectrum has been recorded
in the region 400-4000 cm. The vibrational
frequencies of the various chemical bonds in
the films can be assigned from FTIR spectra
in terms of the peak position. By the
assignment of stretching and bonding modes
of vibration to the observed frequencies
conformational preference of the molecule
can be identified. The ZnS Stretching
vibration is at 300 per cm. The FTIR
spectrum has been taken in the range 400-
4000 cm, the presence of chemical
constituents cannot be identified using the
FTIR spectrum. If the range has been
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as reported earlier [18]. This confirms that
oxygen appears as water in ZnS thin films.
The two peaks at 3743 and 3408 per cm are
due to hydroxyl groups [18, 19]. The
absorption band at 624 per cm is Zn-OH
stretching peak [20, 21]. The absorption
band at 1428cm and 1361 per cm are due to
Zn-O (HCOy) as reported [22,23]. The less
intense peaks at 721per cm and 461 per cm
enable to conclude that a small accounts of
ZnO is also present in ZnS thin films . Thus
FTIR spectrum has been employed to
conclude the form of the occurrence of
oxygen in CBD grown ZnS thin films.

XRD Analysis: The X-ray diffraction
pattern of ZnS film shown in Figure (3). The
XRD pattern shows that the films are of
polycrystalline in nature with a hexagonal
type structure as determine from standard
JCPDS data. X-ray diffracto meter card no
(010812). Similar structural characterization
was also reported by other researchers (24).
Two diffraction peaks reflections of the
cubic phase at a 20 of 28.40 and 32.60°
respectively. The crystallite size of the CBD
ZnS thin films is affected by deposition
conditions. It is useful to obtain the

) | ) information of the structural
widened FTIR spectrum is applicable to
confirm the presence of constituents
qualitatively or quantitatively, because metal
sulphide stretching bonds occur within 200-
400 per cm.
The water (O-H) stretching vibration is at
2928 per cm and bending vibration at 2070
per cm has been observed in ZnS thin films
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properties of the thin film by XRD
measurement.
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Figure (2): FTIR Spectrum of CBD ZnS
thin film

Intensity (Count)
3

A W N
1g0 PV WAt A b, gt

30 a0 50 60 70 80
26

Figure (3): XRD Pattern of CBD ZnS thin
film

Conclusion:
The ZnS thin films have been chemically
deposited using an aqueous alkaline bath
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and thickness of the film increases up to
60 minutes deposition time and then
decreases. The maximum thickness
obtained by constant temperature bath
method is about 305 nm. The structural
and electrical properties of ZnS are found
to be thickness dependent. FTIR spectrum
is applicable to confirm the presence of
constituents qualitatively or quantitatively,
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