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Abstract

In this study, nanopartical ZnS films have been successfully deposited on glass
substrates by chemical spray pyrolysis (CSP) technique at substrate temperature of
(400+5°C) and different thickness (75, 150, 225, 300, 375, 450 and 525 nm). The
structural and surface morphological properties of these films have been investigated
using XRD and AFM.

The XRD results showed that all films are polycrystalline in nature with cubic
structure and preferred orientation along (111) plane. The crystallite size was
calculated using Scherrer formula. The crystallite size of the samples was maximum
(10.6nm) at thickness 375 nm, and it was minimum (8.4nm) at thickness 75 nm,
prepared at the same films. AFM results showed homogenous and smooth Zinc
Sulfide thin films. The average grain size, average roughness and root mean square
(RMS) roughness for nanopartical ZnS films were estimated from AFM.

Key words: Nanopartical, Zinc Sulfide (ZnS), Surface Morphological, Chemical Spray Pyrolysis.
Introduction

Zinc sulfide (ZnS) is found in nature as zinc-blende (also called sphalerite or -
ZnS and with a cubic structure) and wurtzite (a-ZnS, which is a hexagonal structure).
The names of these minerals are used to designate the corresponding crystal
structures. It is a 1I-VI compound semiconductor material and is commercially used
in solar cells [1], infrared windows [2], and phosphor materials by doping with
transition or rare-earth metals [3,4]. There has been growing interest in developing
techniques to prepare semiconductor ZnS thin films. ZnS thin films are produced
using various techniques, including radio frequency (RF) magnetron sputtering [5],
chemical vapor deposition (CVD) [6], solvothermal [7], chemical bath deposition [8]

and chemical spray pyrolysis technique [9].
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ZnS was found that zinc blend changed to wurtizt phase at or before sublimation
temperature, which affirm that the last phase is the most stable structure at high
temperature [10]. Both wurtzite and zinc blend are intrinsic, wide band gap
semiconductors .The hexagonal form of ZnS has a band gap of about 3.91 eV but the
cubic form has a band gap of about 3.54 eV at 300 Kelvin [11]. ZnS can be doped as
either an n-type or a p-type semiconductor.

ZnS is a potentially important to be used for application in a wide range of
optoelectronic devices such as antireflection coating for heterojunction solar cells. It
IS an important device material for the detection, emission, and modulation of visible
and ultraviolet light [12]. In particular, ZnS is believed to be one of the most
promising materials for blue light emitting laser diodes [13]. In this work nanopartical
zinc sulfide thin films are prepared by chemical spray pyrolysis technique. The aim of
this work is to preparing ZnS films and studying the effect of different thickness on

the structure, and morphology properties.

Experiment

System used for fabricating thin films

Chemical spray pyrolysis method was employed in the present work, where in
this method, thin films were prepared by spraying the solution on a hot glass substrate
to a certain temperature, and the film could be then obtained by the chemical reaction
on the hot substrate. However, in some application these thin films could have good
properties, for example. It might be used in solar and sensor applications.
Preparing of the Spray Solution

The spraying solution which contains the materials necessary for fabrication of
the ZnS film can be prepared by mixing zinc chloride ZnCL, and thiourea CS(NH3),
as starting materials. The molar concentration of the solution should be equal to 0.1
mole/liter.

In order to prepare the solution of 0.1 molar concentrations from these two

materials, 0.6814 grams weight of ZnCL, and 0.3806 grams weight of CS(NH,), are
needed from each of them, melted in 100 ml of distilled water, according to the

following equation:
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Weight of the material (gm) =VVolume (ml) x Molecular concentration (mol/l) x
Molecular weight (gm/mol)............... (1)

Finally, the two weights materials melted in (100ml) of distilled water to get the
wanted solution (The spray solution).The solution then sprayed and deposited on a
cleaned glass (400 °C) substrate to get the finally ZnS thin films.

It is necessary to leave the glass substrate on the electrical heater for one hour at
least after finishing the operation of spraying to complete its oxidation and crystalline
growth process.

Thickness Measurements
In this work the experimental method of thickness measurement was used:
Optical interferometer method by (He — Ne) laser:

There are a many optical methods to measure the film thickness, these methods
are based on the interference of the light within thin film. The film thickness
measurements by optical interferometer method have been obtained. This method is
based on interference of the light beam reflection from thin film surface and substrate
bottom. He-Ne laser (0.632 pum) is used and the thickness is determined using the

following formula: [14]

Where x is the fringe width, Ax is the distance between two fringes and A
wavelengths of laser light. The film thickness from applying equation (2) is (75, 150,
225, 300, 375, 450 and 525 nm). The interference mode is formed as a result of the
phase difference between the rays reflected from the back surface and the rays

reflected from the front surface.
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Structure and morphological measurements

X-Ray Diffraction

The structure of nanopartical ZnS thin films grown on glass substrates by
Chemical spray pyrolysis method at T=(400)°C were examined by X-ray diffractions
using a(XR-DIFRACTOMETER/6000) type Shimadzu X-ray diffractometer system.

This system recorded the intensity as a function of Bragg's angle. The

measurement conditions are as follows:

Target: CuK,

Wavelength = 1.5406A

Voltage = 40 kV

Current = 30mA

Scanning angle: (20- 60°)
Scanning Speed =5 (degree/min)

While, the average crystallite size of the films can be estimated by the Scherrer
formula using the full width at half-maximum (FWHM) value of the XRD diffraction

peaks.

Atomic Force Microscopy (AFM)

The surface morphology, particle size distribution and root mean square of
roughness of ZnS films prepared under various condition were analyzed using atomic
force microscope (AFM), (ateliess .MAITRE ), made by PLARST. The AFM is
capable of measuring nanometer scale images of insulating surfaces with little or no
sample preparation as well as measuring three dimensional images of surfaces and

studying the topography [15,16].
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Results and Discussion

Structural Properties (X-ray Diffraction)

XRD pattern of nanopartical ZnS films with different thickness (75, 150, 225,
300, 375, 450 and 525 nm) prepared by chemical spray pyrolysis technique at
substrate temperature of (400°C ) has been shown figure (1),the peaks of the XRD

are observed between 20° and 60° .

The presence of diffraction peaks indicates that the film is polycrystalline with
cubic structure and no amorphous phase is detected. It is revealed that the films have
peaks corresponding to (111), (220) and (311). When comparing these results with the
card JCPDS (Joint Committee on Powder Diffraction Standards) cards number
(96-900-0108) for ZnS material, the results were compatible to some extent.

From measurements of X-ray diffraction We will conduct a full analysis of the
X-ray diffraction and represents every form and the changes in them, as well as to
find out the nature of the crystal growth and compositional for crystallization and
phase formed by the material prepared, and is influenced by x-ray spectrum greatly
depending on the circumstances preparations, particularly substrate temperature and
films thickness. Figure (1) represents the X-ray diffraction of (ZnS) films at deposited
temperature (400°C) and it can be inferred that the films gelling for the existence of
more than one summit, as well as the results showed that the ZnS thin films was cubic
structure, and we note that one of the peaks are prominent more than its peers, and the
reason is due to the Influence of deposition temperature on the growth of these levels,
the emergence of multi-gelling composition is normal because the material deposited
on the flat bases and amorphous.

In all cases the intensity of (311) peak is extremely low in comparison with
(220) and (111) ,this indicates that a dominant peak corresponding to (111) plane
Also one can observe that when thickness increases ,the locations of peaks do not
change significantly as seen in table (2). These results are in good agreement with
(JCPDS) card [17].
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Fig (1): represents the X-ray diffraction of (ZnS) films at deposited temperature
(400°C).
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The lattice constant a for the prepared ZnS thin film are shown in table (1), from
the figure (2). We can see the lattice constant (a) slight increase with increase the
thickness of ZnS thin films.

Table (1): the lattice constant value (a) for ZnS films with different thickness.

Thickness (nm) 75 150 225 300 375 450 525

a(A) 5.3409 | 5.3497 | 5.3497 | 5.3563 | 5.3575 | 5.3674 | 5.3852

a (A)
4
@

0 75 150 225 300 375 450 525 600

Thickness (nm)

Fig (2): represents lattic constant variation with thickness.

The (d) value, that in inter planar spacing of (111) plane of the films was
evaluated from the position of (111) peak from the XRD date, the observed (d) value
which is in excellent agreement with the standard (d) value taken from the (JCPDS).
The scherrer formula equation (1), [14] is used to determine the grain size and it is

increased with increases thickness as shown in the figure (3) and table (2).

5= O 3)
[A 25 COS ]
Where:
\: is the x-ray wavelength (A).
A ¢ FWHM (radian).

0: Bragg diffraction angle of the XRD peak ( degree ) .
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Figure (3): represents grain size variation with thickness

The grain size increases from (8.4 — 10.5) nm as the thickness increased from
(75 nm = 525 nm). Similar results are reported by [17].

The intensity of (111) cubic plane has been increased with increases thickness,
indicating that the degree of preferential orientation toward this direction increased as
shown in figure (1) the FWHM of the peak decreased as in table (2), such crystalline
IS provements with increasing the thickness have observed by [17].

The increasing of intensity with increasing the thickness may be permitting

better grain growth by maintaining the preference for the (111) plane.
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Table (2), Results of X-rays diffraction of ZnS thin films with different thickness.

20 FWHM [ GS | d
tom) | (Deg) | (Deg) | (m) ET[I:).(A) dia Std. | hkl phase card No.
28.9320 | 0.9773 | 8.4 3.0836 3.1231 (111) Cub.ZnS | 96-900-0108
75 47.8155 |1.3786 | 6.3 1.9007 1.9125 (220) Cub.ZnS | 96-900-0108
56.7961 |1.1814 | 7.6 1.6197 1.6310 (311) Cub.ZnS | 96-900-0108
28.8835 | 0.9518 | 8.6 3.0887 3.1231 (111) Cub.ZnS | 96-900-0108
150 47.7184 | 1.5405 | 5.6 1.9044 1.9125 (220) Cub.ZnS | 96-900-0108
56.6019 |1.7413 |5.2 1.6248 1.6310 (311) Cub.ZnS | 96-900-0108
28.8835 |0.9021 |9.1 3.0887 3.1231 (111) Cub.ZnS | 96-900-0108
225 47.7184 |0.8385 | 104 1.9044 1.9125 (220) Cub.ZnS | 96-900-0108
56.7476 | 0.4543 | 19.9 1.6209 1.6310 (311) Cub.ZnS | 96-900-0108
28.8474 | 0.8172 |10.0 3.0925 3.1231 (111) Cub.ZnS | 96-900-0108
300 47.6636 | 1.4065 | 6.2 1.9064 1.9125 (220) Cub.ZnS | 96-900-0108
56.6355 | 0.8105 |11.1 1.6239 1.6310 (311) Cub.ZnS | 96-900-0108
28.8408 | 0.7765 | 10.6 3.0931 3.1231 (111) Cub.ZnS | 96-900-0108
375 47.6214 | 1.4530 | 6.0 1.9080 1.9125 (220) Cub.ZnS | 96-900-0108
56.6019 |1.1265 | 8.0 1.6248 1.6310 (311) Cub.ZnS | 96-900-0108
28.7864 | 0.7926 |10.3 3.0989 3.1231 (111) Cub.ZnS | 96-900-0108
450 47.6214 |1.0409 | 8.3 1.9080 1.9125 (220) Cub.ZnS | 96-900-0108
56.5534 | 0.6375 | 14.2 1.6260 1.6310 (311) Cub.ZnS | 96-900-0108
28.6893 | 0.7813 | 105 3.1091 3.1231 (111) Cub.ZnS | 96-900-0108
525 475243 |1.1272 | 7.7 1.9117 1.9125 (220) Cub.ZnS | 96-900-0108
56.4563 | 0.6251 | 144 1.6286 1.6310 (311) Cub.ZnS | 96-900-0108

Texture coefficient (TC)

The values of texture coefficient of nanoparticle ZnS films are listed in table (3).
The texture coefficient is calculated for crystal plane (111) for all films, the value of
texture coefficient increase with increasing thickness. The value of the texture
coefficient indicates the maximum preferred orientation of the films along the
diffraction plane, meaning that the increase in preferred orientation is associated with
increase in the number of grains along that plane, as the relation. [14]

TC(hKI) = [(1(hk1) /T, (hKI)] "
[NF—1X I(hkI)/ 1 (hki)] "

Where:
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I : is the measured intensity .

lo : the ASTM standard intensity .
Nr : the reflection number .

(hKI) : Miller indices

Number of layers (N )

The number of layers evaluated from film thickness is listed in table (3). The
variation of layer number varies with different thickness in random way. It is thought
that the substrate temperature varies and quantities of drop play a great role in this

random change, as the relation [18]:

Dislocation density ()

The dislocation density is the measure of amount of defects in a crystal. The
values of dislocation density obtained in the present work confirmed good crystallinity
of the nanoparticals ZnS films fabricated by employing spray pyrolysis technique as
shown in table (3), can be calculated using the following relation [19]:

The number of crystallites per unit area (N)

By using the films thickness and grain size of the films prepared on glass substrate
by spray pyrolysis technique at the substrate temperature (400 °C) the number of
crystallites per unit area was calculated and listed in table (3), can be calculated using

the following relation [20]
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Table (3): some synthetic parameters that have been obtained from XRD diffraction
with different thickness.

Number of
Texture | Number of | Dislocation Crystallines
t (nm) (hkl) Coefficient Layers Density (8) x per unit
Tc(hkl) | (NL) (nm) 10 (m? area(N) x 10
(m?)
75 (111) 2.179 8.92 141.7 16.8
150 (111) 2.238 26.78 318.8 56.9
225 (111) 2.332 24.72 92.4 8.89
300 (111) 2.38 30 100 10
375 (111) 2.344 35.37 88.9 8.3
450 (111) 2.359 43.68 94.2 9.1
525 (111) 2.343 50 90.7 8.6

Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) technique is a useful method analysis of the
surface topography of the thin films. Figures (4) shows two and three dimensional
AFM images for the ZnS thin films with different thickness(t= 75, 150, 225, 300, 375,
450, and 525 nm) deposited on glass substrate temperature 400 °C with scanning area
(2 x 2 pm?) that showed the variation of surface roughness with variation in the layers
thickness. As can be noticed from this figures, the nanoparticals ZnS thin films have
high degree of homogeneity and the small grains have uniform distribution on the
substrate. Root mean square (RMS) values are (0.233, 0.38, 0.557, 0.733, 1.61, 1.66
and 2.17 nm) with (75, 150, 225,300,375,450 and 525) respectively. It is found from
the AFM studies that the Root Mean Square (RMS) and Surface Roughness (RS)
average and maximum height of the films increase with increasing thickness of thin

films are shown in the table (4).
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It can be seen that films are uniform, densely packed and pinhole free, and it
shows that the morphology of these films are homogeneously distributed, which
indicates the crystalline nature of the films. Initial visual in vestigations of the
deposited film have shown that they are compact and have good adherence to the
substrate. No evidence of cracking observed the grains are made of different size
varying from (8.4 — 10.5 nm) for grain size (XRD), as show in table (2). However, the
grain density reduced indicating the smaller grains agglomerate together to form
larger grains of nanopartical ZnS films. On the other hand, the surface roughness and
Root Mean Square (RMS) of the films were measured using AFM technique, as in
table (4). The surface roughness defined as the standard deviation of the surface
height profile from the average height is the most commonly reported measurement of
surface roughness [17]. The surface roughness is unavoidable since the grains are
grown with different size. It can be seen that the surface roughness and RMS values
increase with increasing thickness indicating an increase in the grain size as in table
(2) and (4) and figure (4), and this is agreement with other [21].
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Fig (4): 2D and 3D AFM images of ZnS films deposited at 400 °C temperature with
different thickness.

Table (4):Morphological characteristics from image for ZnS thin film with

different thickness.

Root Mean
. Square (RMS) Surface . .
ZnS-Thickness [nm] taken Roughness ( RS) Ten Point Height

[nm] from (2x2 pm?) [nm] [nm]
75 0.233 0.197 1.03
150 0.38 0.318 0.825
225 0.557 0.467 2.33
300 0.733 0.572 5.05
375 1.61 1.32 4.7
450 1.66 1.43 3.35
525 2.17 1.81 6.13
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Conclusion

Nanopartical zinc sulfide films were prepared by chemical spray pyrolysis
(CSP) technique at substrate temperature of (40045 °C) on glass substrate and
different thickness (75, 150, 225, 300, 375, 450 and 525 nm). The XRD results
showed that all films are polycrystalline in nature with a cubic structure and the
preferred orientation was along the (111) plane for all films. The average grain size
for ZnS, estimated from XRD analysis. The thickness (375 nm) has highest grain size
of about 10.6nm, and the thickness (75 nm) has minimum grain size of about 8.4nm,
and was shown and have well identical with standard card (JCPDS) for cubic ZnS
crystal.
AFM results showed homogenous and smooth ZnS thin films, the average roughness
(RS) and root mean square (RMS) roughness for ZnS thin films, estimated from
AFM. The thickness (525 nm) has highest average roughness and RMS roughness,
and the thickness (75 nm) has minimum average roughness and RMS roughness of
the ZnS thin films.
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