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Abstract

Effects of substrate temperature on the microstructure, morphology, and optical
properties of ZnS thin films were investigated. ZnS films were deposited on glass substrates by
pulsed laser deposition at different substrate temperatures using a pulsed 532 nm Nd:YAG laser
is presented . The structure and morphology of the film were studied by  X-ray diffraction
and atomic force microscopy, the average surface grain size and RMS surface roughness of the
films increases with increasing substrate temperature. Optical properties of the films were
determined from the transmittance data using Swanepoel model, Transmittances of film were
measured by spectrophotometer. Additionally, the increase of the substrate temperatures
increase the pores and the transmittance in the films, it was observed that the energy band gap
is increased from 3.4 eV to 3.6 eV of the films are decreased with the increase of substrate
temperature . Moreover , considerable improvement in blue response of the films was noticed
with increasing substrate temperature .
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1. Introduction

Studies of sulphide films are quite
important because of their possible
technological applications . Among the
various sulphides, zinc sulphide (ZnS) is
promising one. Itis a 1I-VI compound, both
in bulk and thin film forms, that is receiving
ever-increasing attention owing to its
potential uses in a wide variety of
applications. ZnS is a direct wide band gap
(3.65eV) 11-VI compound semiconductor
material. It can thus be used for the
fabrication of optoelectronic devices such
as blue light-emitting diodes, electro-optic
modulators and the n-window layer of solar
cell, ZnS can be used as reflectors and
dielectric filters because of its high
refractive index and high transmittance in
visible range. ZnS can be used for
fabrication of optoelectronic devices such
as blue light-emitting diodes,
electroluminescent devices, electro optic
modulator, optical coating, heterojunction
solar cells, and photoconductor
[1,2,3,4]. and Various techniques have
been employed to prepare ZnS thin films,
such as chemical bath deposition and,
pulsed laser deposition ,spray pyrolisis,
and so on. In this work the pulsed laser
deposition process was used to fabricate
films [5].and pulsed laser deposition (PLD)
have been employed to prepare ZnS films.
Among them, PLD is a recognized method,
best known for its low substrate-heating
requirement, fast deposition rate, and
simple setup[6].

Figure (1): Pulsed laser deposition

Additionally, The observed changes in the
optical properties of ZnS films are
attributed to the phase transition between
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zinc-blende and wurtzite of the ZnS matrix
due to different growth temperatures.

This view is further substantiated by
structural studies using x-ray diffractometry
XRD[6]. ZnS crystallizes either in the cubic
zinc blende (ZB) structure ( traditional
called a ZnS) or the hexagonal wurtzite (W)
structure (traditional called B-ZnS [7].
Experimental results show that the as-
deposited ZnS film exhibiting cubic
structure, The average surface grain size
and root mean square surface roughness
increase with the increase of substrate
temperatures. Therefore, the effects of
substrate temperature on the properties ZnS
films should be well understood from a
fundamental as well as from an applied
point view. In this paper, the effects of
substrate on the structure and optical
properties of ZnS films deposited by pulsed
laser deposition were investigated [8,9,10].
2. Experimental procedure
2.1 Film preparation

High purity (99.9%) ZnS powder
was used as a source for deposition of ZnS
films on glass substrates[2] , Additionally,
Crystalline ZnS films were deposited on
cleaned coring glass substrates using 10 Hz,
7 ns, Nd:YAG laser at 532 nm ..The laser
beam was focused on high purity ZnS target
using (3 cm) positive lens . Laser fluence
of (0.7 J/cm?) as used for in the ablation.
The glass substrates were placed at 5 cm
distance from ZnS target. The chamber was
kept at vacuum pressure of 10t mbar. The
ZnS target was ablated from 100 to 300
pulses (10-20 min) to get single layer thin
films. During the deposition the substrate
temperatures (Ts) were kept at 200 °C , 300
°C and 400 °C [8,11.12] .

Fig.(2-a): ZnS target before

Fig.(2-b): ZnS t t
being ablated by the laser. ig.(2-b): ZnS targe

after being ablated
by the laser.
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2.2 Film characterization

The structure of the grown films was o
determined by X-Ray diffraction (XRD) e B s00cc
measurements (Philips PW 1050, A =0.1542 |
nm) using Cu-ka source. Film transmission
measurement is performed at spectral range
300-800 nm using UV-VIS-PV-8800
(PerkinElemerCompany)spectrophotomete
r. The surface morphology was examined I ma10)
by atomic force microscopy (AFM-Digital : w104
Instruments  NanoScope) working in e o = TR
tapping mode [8,13,14] . . 00 00
3. Result and Discussion 20 (degree)
3.1. Structural Properties

Figure 3.a shows the XRD pattern of

the ZnS films deposited on glass substrate W =300
at 200 ° C under an oxygen pressure of 0.1
mbar. The film is polycrystalline in nature
and the diffracted peaks located at 20 =38.6
°, 20=44.82°and 26 = 65.16° are observed,
which correspond to (102), (110),(104) of 2
ZnS phase, no other diffracted peaks are J
found in spectrum. The mean grain size (d)
of the film , using the Scherrer’s equation,
G = 0.9 A /BcosOs , where A the wavelength
of X-ray radiation, B the full-width at half- y Wi
maximum, and 0g is the diffraction angle. B 7-200c
However, when the substrate temperature ul
increased to 300 ° C peaks located at 26
=38.58 %, 20 =44.84 ° and 26 =65.12 ° as
shown in Fig. 3.b, which correspond 102),
(110) and (104) planes of ZnS
structure,Fig.3.c present the pattern at 400 ‘ L—J wed
°C which is the most stable structure of the T T T i A“““?o‘.,
membrane phase of ZnS and (102) and
(110) at 20=38.6 ° and 20=44.84 ° T D e e
respectively , in addition (104) at 26=65.14 igtire = The 30% °cn () 4'30 lén (@) - )
° at substrate temperatures 400 °C. ’ '

Intensity {a.u)

W W (102)

Intensity {a.u)

W (104)

| y L . L.
I I L] El ) L] e

26 (degree)

ZB (110)

Intensity {a.u)

Table 1: The XRD Patterns of ZnS Thin Films
Deposited at Different substrate temperatures

3.2. Surface morphology

Grain substrate

size FWHM? (hkl) [dezg?'ee) temperatures The eVO|UtI0n Of Su rface
e T Y] morphology of ZnS films at substrate
oo temperatures 200 , 300 , and 400 °C, are
277 2 2 i i
B o7 | ZBAID | 4982 presented in Fig. 4, RMS surface roughness
283 | 0332 | W(104) | 6516 increases slowly (3, 3.24 , 3.58 nm) when
708 || 0206 | wiio2) | 388 the substrate temperature increases .Also,
37.5 0229 ZB(110) 44.84 H H H H H
% B ST T 300 the average grain size films increases with
T increasing substrate temperature, which is
result of the movement of the atoms or
381 0225 ZB(110) 44.84 400 R
molecules on film surface as the substrate
333 | 0265 ) Waoh 6514 temperature is increase .
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Fig. 4: Surface morphology of the zZnS film at
different substrate temperature (a)200 , (b) 300 ,(c)

3.3. Optical properties

Fig.5. shows transmittance spectra as a
function of the wavelength of the change
over between (300-800) nm of the ZnS film
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grown at (200,300.400) °C with pressure =
0.1 mbar and fluencies energy 0.7 J/cm 2.

The average transmittance of ZnS films
in the visible wavelength region is
calculated to be 71%,78%,89% and,
respectively. the interference peaks shift to
shorter wavelengths and amplitude of the
spectra decreases with increasing substrates
temperature , Where we note that
transmittance spectra for film at 200 °C is
less than the transmittance at 300 °C
substrate temperature while Where we note
that transmittance spectra for film at 300 °C
is less than the transmittance at 400 °C
substrate temperature .Optical properties of
the films were determined from the
transmittance data using Swanepoel model.
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Fig.4: Transmittances of the ZnS films at
different substrates temperatures at the
wavelength from 300 to 800 nm .

The plots of (ahv)? versus (hv) shown in
Fig. 5 are linear indicating the presence of
direct transition. The energy gap of films at
different temperatures are calculated from
Fig. 5 and found to be 3.4 and 3.5 eV for
200 °C and 300 oC respectively. And The
energy gap 3.6 eV of films at 400 °C
substrates temperature . Direct band gap
energy of these samples was measured to be
in the range of 3.4-3.6 eV in Fig. 5.
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Fig. 5: Plots of (ahv)? verses photon energy (hv)
of the ZnS thin films prepared at
different substrate temperature.
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