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ABSTRACT
In this paper, the synthesis of nanocrystalline Nickel oxide (NiO) thin films on
quartz substrates using a pulsed 532 nm Q-Switched Nd: YAG laser is presented, the
annealing temperature was varied from (200 - 400 ˚C). The X-ray diffraction (XRD)
results show that the deposited films are crystalline in nature. Furthermore, a higher
annealing temperature resulted in a thicker NiO film, which was attributed to an
increased grain size. The morphology of deposited films were characterized by
scanning electron microscope (SEM) and atomic force microscope (AFM);with
increasing annealing temperature, the grain size increase .The grain size value (10,23
and 40 nm) for thin films annealing at 200 ,300 and 400 ˚C respectively., and with
increasing annealing temperature, surface roughness decrease. RMS roughness values
were (13.5, 7.8 and 5.5 nm) for thin films annealing at 200, 300 and 400 ˚C
respectively. UV–Vis spectrophotometric measurement showed high transparency
(nearly 92 % in the wavelength range 400–900 nm) of the NiO thin film with a direct
allowed band gap value lying in the range 3.51–3.6 eV.
Keywords: Nanostructure Nickel Oxide, Transparent Conducting Oxides, PLD.

دراﺳﺔ ﺗﺎﺛﯿﺮ اﻟﺘﻠﺪﯾﻦ اﻟﺤﺮاري اﻟﺴﺮﯾﻊ ﻋﻠﻰ اﻻﻏﺸﯿﺔ اﻟﺮﻗﯿﻘﺔ اﻟﻤﺤﻀﺮة ﺑﻄﺮﯾﻘﺔ اﻟﺘﺮﺳﯿﺐ
ﺑﺎﻟﻠﯿﺰر اﻟﻨﺒﻀﻲ
اﻟﺨﻼﺻﺔ
ﻮارﺗﺰ1ﻦ اﻟﻜ1ﺪ ﻣ1ﻰ ﻗﻮاﻋ1 ( ﻋﻠNiO )ﻞ1ﯿﺪ اﻟﻨﯿﻜ1 ﺗﻢ ﺗﺤﻀﯿﺮ اﻏﺸﯿﺔ رﻗﯿﻘﺔ ﻧﺎﻧﻮﯾﺔ ﻻوﻛﺴ, ﻓﻲ ﺑﺤﺜﻨﺎ ھﺬا
ﻦ1ﺪﯾﻦ ﻣ1ﺮارة اﻟﺘﻠ1ﺔ ﺣ1 ﺗﻐﯿﺮت درﺟ, (532 nm )ﺑﺎﺳﺘﺨﺪام ﻟﯿﺰر ﻧﯿﺪﻣﯿﻮم ﯾﺎك اﻟﻨﺒﻀﻲ ذو اﻟﻄﻮل اﻟﻤﻮﺟﻲ
ﺔ11ﺮة ذات طﺒﯿﻌ11ﯿﺔ اﻟﻤﺤﻈ11ﯿﻨﯿﺔ ان اﻻﻏﺸ11ﻌﺔ اﻟﺴ11ﻮد اﻻﺷ11ﺎﺋﺞ ﺣﯿ11ﺮت ﻧﺘ11 اظﮭ. ﻮي11ﺔ ﻣﺌ11( درﺟ400-200)
 ﺗﻢ دراﺳﺔ. ﻛﻤﺎ ادى زﯾﺎدة درﺟﺔ ﺣﺮارة اﻟﺘﻠﺪﯾﻦ اﻟﻰ زﯾﺎدة ﺑﺎﻟﺤﺠﻢ اﻟﺤﺒﯿﺒﻲ ﻻﻏﺸﯿﺔ اوﻛﺴﯿﺪ اﻟﻨﯿﻜﻞ, ﺑﻠﻮرﯾﺔ
. (AFM) ( وﻣﺠﮭﺮ اﻟﻘﻮى اﻟﺬرﯾﺔSEM ) طﺒﻮﻏﺮاﻓﯿﺔ اﻟﺴﻄﺢ ﺑﺎﺳﺘﺨﺪام اﻟﻤﺠﮭﺮ اﻻﻟﻜﺘﺮوﻧﻲ اﻟﻤﺎﺳﺢ
ﯿﺪ1ﺣﯿﺚ ﺗﺮاوﺣﺖ ﻗﯿﻢ اﻟﺤﺠﻢ اﻟﺤﺒﯿﺒﻲ ﻻﻏﺸﯿﺔ اوﻛﺴ.ﺑﺰﯾﺎدة درﺟﺔ ﺣﺮارة اﻟﺘﻠﺪﯾﻦ ازداد اﻟﺤﺠﻢ اﻟﺤﺒﯿﺒﻲ
ﻰ1111ﻮي ﻋﻠ1111 ( ﻣﺌ400 و300, 200) ﺪﯾﻦ1111ﺮارة ﺗﻠ1111ﺎت ﺣ1111ﺪ درﺟ1111ﺎﻧﻮﻣﺘﺮ ﻋﻨ1111( ﻧ40 و10,23) ﻞ1111اﻟﻨﯿﻜ
ﺚ1 ﺣﯿ.ﺮة1ﯿﺔ اﻟﻤﺤﻀ1ﻄﺢ ﻟﻼﻏﺸ1ﻮﻧﺔ اﻟﺴ1ﺎن ﺑﺨﺸ1ﻰ ﻧﻘﺼ1ﺪﯾﻦ اﻟ1اﯾﻀﺎ" ادت زﯾﺎدة درﺟﺔ ﺣﺮارة اﻟﺘﻠ.اﻟﺘﻮاﻟﻲ
ﺪﯾﻦ1ﺮارة ﺗﻠ1ﺎت ﺣ1ﺪ درﺟ1ﺎﻧﻮﻣﺘﺮ ﻋﻨ1( ﻧ5.5  و7.8 , 13.5) ﺗﺮاوﺣﺖ ﻗﯿﻢ اﻟﺨﺸﻮﻧﺔ ﻻﻏﺸﯿﺔ اوﻛﺴﯿﺪ اﻟﻨﯿﻜﻞ
 ﻛﺬﻟﻚ ﺗﻢ دراﺳﺔ اﻟﺨﺼﺎﺋﺺ اﻟﺒﺼﺮﯾﺔ ﺑﻮاﺳﻄﺔ ﻣﻄﯿﺎف اﻟﻨﻔﺎذﯾﺔ. ( ﻣﺌﻮي ﻋﻠﻰ اﻟﺘﻮاﻟﻲ400 و300, 200)
ﻮﺟﻲ1 ﻋﻨﺪ ﻣﺪى اﻟﻄﻮل اﻟﻤ92 % ﺣﯿﺚ اظﮭﺮت اﻟﻨﺘﺎﺋﺞ ﻧﻔﺎذﯾﺔ أﻋﻠﻰ ﻣﻦ. ﻟﻸﺷﻌﺔ اﻟﻤﺮﺋﯿﺔ وﻓﻮق اﻟﺒﻨﻔﺴﺠﯿﺔ
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ﺮ11ﺎل اﻟﻤﺒﺎﺷ1 ﺔ ﻟﻼﻧﺘﻘ11ﻮة اﻟﻄﺎﻗ11ﺔ ﻓﺠ11ﺖ ﻗﯿﻤ11ﺔ وﺗﺮاوﺣ11ﻞ اﻟﺮﻗﯿﻘ11ﯿﺪ اﻟﻨﯿﻜ11ﯿﺔ اوﻛﺴ11ﺎﻧﻮﻣﺘﺮ ﻻﻏﺸ11( ﻧ900-400)
. ( اﻟﻜﺘﺮون ﻓﻮﻟﺖ3.6 - 3.51 ) اﻟﻤﺴﻤﻮح
INTRODUCTION
iO is a well-known ant ferromagnetic material [1], and a metal-deficient ptype semiconductor [2] with a 3.6 eV band gap [3]. Nickel oxide (NiO) films
have a wide range of applications due to their excellent chemical stability.
They have been used as catalysts [4], electro chromic display devices [5], fuel cells
[6] and gas sensors [7]. NiO thin films usually exhibit p-type conductivity due to
holes generated by Ni vacancies in the lattice and therefore NiO is an interesting
candidate for materials research. Although structural and electrical properties of NiO
films have been studied before, mechanical properties have been less investigated [8].
NiO thin films have been deposited by different techniques, including chemical selfassembling [9], sol–gel [10], RF sputtering [11], DC sputtering [12] and recently
pulsed laser deposition (PLD) [13–15]. Preparation methods are essential for
determining the microstructure and consequently the functional properties of
synthesized structures.
In this work, pulsed laser deposition (PLD) was used for the deposition of NiO
thin films at different annealing temperatures. The effect of annealing temperatures
during deposition on the structural and optical properties was studied.

N

EXPERIMENTAL DETAILS
Nickel oxide from ASDGF Company with a nickel target of 99.99% purity on
glass slides as substrates. The powder was pressed less than 5 ton to form a target
with 2.5 cm diameter and 0.4 cm thickness. Quartz slides each of 3 x 2 cm 2. They
were cleaned by alcohol with ultrasonic waves produced by Cerry PUL 125 device
for 10 minutes in order to remove the impurities and residuals from their surfaces.
Thin films were deposited using pulsed laser deposition by employing a Q-switched
Nd: YAG laser at wavelength 532 nm with 0.4 J/cm 2 of energy density, pulse width
10 ns and repetition frequency 6 Hz. Uniform ablation ensured by rotating the target
at constant speed shown in Figure (1). The focused Nd:YAG SHG Q-switching laser
beam incident on the target surface making an angle of 45° with it. The films were
deposited on quartz substrate at temperatures 300 °C. The pulsed laser deposition
experiment was carried out inside a vacuum chamber generally in (10 -2 Torr) vacuum
conditions. The substrates deposited at 100 °C temperature with NiO were annealed
at 200 °C, 300 °C and 400 °C using a halogen lamp for 5 minute in air. The
crystallinity of the prepared films was analyzed using X-ray Diffraction (XRD)
measurements (Shimadzu 6000 made in Japan) using Cu Kα radiation at 1.5406. and
operating at an accelerating voltage of 40 kV and an emission current of 30 mA. Data
were acquired over the range of 2θ from 20° to 60°. The XRD method was used to
study the change of crystalline structure. For morphological investigations, AFM
images were recorded using Nanoscope scanning probe microscope controller in a
tapping mode. The AFM images were used to observe the surface roughness and
topography of deposited thin films and the surface morphology was examined by
scanning electron microscopy (SEM–JEOL 7000). Optical measurements were
conducted in the wavelength range 300 nm to 900 nm using a double beam UVVisible spectrophotometer (UV-1650 UV-Visible Recording Spectrophotometer)
Shimadzu made in Japan was used to measure the transmittance of NiO deposited.
The transmittance data can be used to calculate absorption coefficients of the films at
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different wavelength. Which have been used to determine the band gap Eg .The Film
thickness measurements by optical interferometer method have been obtained.
RESULTS AND DISCUSSION
Structural properties
X-ray diffraction
The X-ray diffraction grams of films deposited on quartz substrates of different
annealing temperatures are shown in Figure (2). The film deposited at 100 C is poorly
crystallized, but when we annealed the thin films at 200 ,300 and 400 C the peak
centered at 33.4◦ according to the JCPDS 780643 is attributed to the (111) lattice
plane reflection of the cubic NiO phase. The line peak at 46.9◦ corresponds to the
(200) lattice plane reflection of the metallic Ni cubic phase [15], directly originating
from the Ni target. The peak (311) at 67.2◦ may be due to a NiO compound, formed
by diffusion in the film–substrate interface. Further research is necessary to clarify
this issue.
At higher annealing temperature (400 ◦C), the intensity of the NiO peak increases
and the grain size of nickel oxide grains increases with increasing annealing
temperature.
The grain size of all NiO samples (2 0 0) diffraction line annealing at 200 °C to
400 °C was calculated using Scherer’s equation and it is in the range of ~ (10,23 and
40) nm, revealing a fine nanocrystalline grain structure. Can be seen in Table (1).
Atomic force microscopy (AFM)
The surface morphology of all the NiO films is presented by AFM images in
tapping mode. The surface morphology reveals the Nano-crystalline NiO grains.
Figure (3) shows the AFM images of the NiO thin films deposited at 100 .C and
annealed at different temperatures (200,300 and 400) ºC .The surface morphology of
the NiO thin films as observed from the AFM micrographs proves that the grains are
uniformly distributed within the scanning area (10 μm x 10 μm). Annealing up to 200
°C impart a significant change in structure.The RMS roughness also decreased with
increasing annealing temperatures. Annealing temperature certainly changes the
topography drastically as shown in Table (2).
Scan electron microscope (SEM).
Figure (4) shows the SEM images of the NiO thin films deposited at 100 .C and
annealing temperatures of (200,300 and 400) ºC respectively. NiO thin films have a
quite uniform and hole-free surface. At (200,300 and 400) ◦C annealing temperatures
the film has homogeneous surface morphology. With increasing annealing
temperature, the average size of aggregated particles increases. The grain size value
(10, 23 and 40 nm) for thin films annealing at 200, 300 and 400 ˚C respectively it
measured by use the program of the device as shown in Table (3).
Optical Properties
Figure (5) shows the transmittance spectra of NiO films. It is found that average
transmittance of as-deposited NiO films is about 65% in the near-infrared region with
respect to reference; It is obvious that the transmittance increases with the increase of
annealing temperature. The blank glass substrate. Films annealed at 400 °C shows a
significant increase in the range from 350nm to 900nm transmittance about 92 %.
This is in consistent with the decrease of the surface roughness promoting the
decrease of the surface scattering of the light [12]. Optical band gap was determined
using the relation [11].
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Αhν=A (hν–Eg) r

… (1)

Where α is the absorption coefficient, hν is the photon energy, Eg is the optical
band gap, A is a constant which does not depend on photon energy and r has four
numeric values (1/2 for allowed direct, 2 for allowed indirect, 3 for forbidden direct
and 3/2 for forbidden indirect optical transitions). In this work, direct band gap was
determined by plotting (αhν) 2 vs. hν curves, with the extrapolation of the linear
region to low energies. From Figure (6), it was observed that direct optical band gap
increases from 3.5 to 3.6 eV.

Figure (1) Experimental setup.

Figure (2) XRD patterns of a nanocrystaline NiO thin films deposited on quartz
at different annealing temperature a) 200 C ,b) 300 C ,c) 400 C.
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Figure (3) AFM image of patterns of a nanocrystaline NiO thin films deposited
on quartz at different annealing temperature a) 200 C ,b) 300 C , c) 400 C.
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Figure (4) SEM image of patterns of a nanocrystaline NiO thin films deposited
on quartz at different annealing temperature a) 200 C ,b) 300 C , c) 400 C.

Figure (5) Transmittance spectra of a nanocrystaline NiO thin
Films deposited on quartz at different annealing temperature.
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Figure (6) Variation of (αhν)2 versus energy curves of a nanocrystaline NiO thin
films deposited on quartz at different annealing temperature .

Table (1) the obtained result of the structural parameters
From XRD for NiO thin film.
  
degr
(hkl)
ee)
46.9
46.9
46.9

(200)
(200)
(200)

Lattic
e
const
ant Å
9.41
9.41
9.42

FWH
M°

Main
grain
size (nm)

0.65
0.5
0.33

26.28
33.6
46.88

Table (2) Morphological characteristics from AFM
Images for NiO thin film.
sample

RMS roughness(nm)
20

NiO As deposited
°

13.5

°

7.8

°

5.5

NiO annealing at 200 C
NiO annealing at 300 C
NiO annealing at 400 C
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Table (3) Morphological characteristics from SEM
Images for NiO thin film.
sample
NiO As deposited
NiO annealing at 200 °C

SEM of plane grain size
(nm)
8
10

NiO annealing at 300 °C
NiO annealing at 400 °C

23
40

CONCLUSIONS
Nanostructured Nickel oxide thin films were prepared by pulsed laser deposition
techniques on the quartz substrate. The effect of annealing temperature on structure,
morphology and optical properties of NiO thin films were studied by XRD, AFM,
SEM and UV-Visible measurements. The XRD results reveal that the deposited thin
film and annealed at 400 °C of NiO have a good Nan crystalline (high intensity). At
higher annealing temperature (400 ◦C), the intensity of the NiO peak increases and the
grain size of nickel oxide grains increases with increasing annealing temperature.
With increasing annealing temperature, the average size of aggregated particles
increases. The AFM results showed the slow growth of crystallite sizes for the asgrown films and annealed films from 200 to 400 °C, and the RMS roughness also
decreased with increasing annealing temperatures. The transmittance increased with
increasing annealing temperature. The film annealed at 400 °C has the highest
transmittance among the films. It is observed that the allowed direct optical band gap
of the films increases from 3.5 to 3.6 eV.
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