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Abstract

In this study, Indium oxide nanocrystalline In,O3 films have been successfully deposited on glass substrates
by Chemical Spray Pyrolysis (CSP) technique at substrate temperature of (SOOOC) It was irradiated by pulses N,
laser at different power average (0.85, 1.70, 2.125 and 2.55mW). The structural and sensitivity properties of these
films have been investigated using XRD, AFM and the sensitivity to NO, gas in air ambient has been measured in
gas sensing system. The XRD results showed that all films are polycrystalline in nature with cubic structure and
preferred orientation along (321) plane. The crystallite size was calculated using scherrer formula. The crystallite size
of the samples was maximum (17.5nm) before irradiation, and it was minimum (8.04nm) at power average (2.55mw),
prepared at the same films. AFM results showed homogenous and smooth Indium oxide thin films. The average grain
size, average roughness and root mean square (RMS) roughness for nanocrystalline In,O3 films were estimated
from AFM. The sensitivity of nanocrystalline In,O3 films to NO, gas in air ambient has been measured in gas sensing
system. All samples were tested at different power average, and bias voltage (6 volt). The optimal operating
temperature is found to be 300°C for In,O3 films for the maximum sensitivity is (64.12%) at power average (1.70mw),

with fast response time (5.85s) and recovery time of (9.0s) at power average (0.85mw).

Key words: Laser Irradiations, Nanocrystalline In, O3, Structure and sensitivity Properties, CSP.

1. Introduction

Indium oxide is a wide band gap semiconductor commonly employed as transparent
electrode material in electrochromic windows, flat panel displays, organic light-emitting diodes
and solar cells [1-6]. Metal oxide semiconductor films are widely applied in gas sensors. The
properties of such sensors including sensitivity, selectivity and response time depend critically on
the film microstructure [7]. The structure in turn is largely determined by the synthesis. Such films
are usually synthesized by a variety of techniques including Spray Pyrolysis Technique (SPT) [8],
sol-gel technique [9], and chemical vapor deposition [10]. A number of studies have shown that
one promising approach to improve conduct metric metal oxide sensors is to utilize
semiconducting nanostructured composite materials consisting of metal oxides with different
electronic structure and chemical properties [11]. It has been established that using a mixture of
metal oxides, the resulting composite sensor material can achieve selectivity and sensitivity for gas

detection in air ambience that far exceed those achievable with the individual constituent metal
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oxides of the composite [12]. In the present work, Indium oxide (In2Os) thin films have been
prepared using chemical spray pyrolysis method, the objective of this work is to investigate the
tuning of structural properties and gas sensing of samples after irradiation by pulses NO: laser at

different power average.

2. Experiment

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 at 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.

The spraying solution which contains the materials necessary for fabrication of the InCls film
can be prepared by mixing Indium chloride Incls and thiourea CS(NH2): 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, 0.5529 grams weight of InCls and
0.190 grams weight of CS(NHz)2 are needed from each of them, melted in 50 ml of distilled water,

according to the following equation:

Weight of the material (gm) =Volume (ml)xMolecular concentration (mol/l) x Molecular weight

(gm/mol) .......... @
The weight of InCl5=(50/1000)x 0.1x 0.5529 = 0.00276 gm.
The weight of CS (NH2)2 = (50/1000)x 0.1x 0.190 = 0.00095 gm.

Finally, the two weights materials melted in (50 ml) of distilled water to get the wanted solution
(The spray solution). The solution then sprayed and deposited on a cleaned glas (300 °C) substrate
to get the finally In2Os 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. The nanocrystalline were irradiated with one shot of laser beam of 10ns
pulse and different power average (0.85, 1.70, 2.125 and 2.55mW) from N: laser system at 337 nm

wavelength.

A. Laser Irradiation nitrogen (N;) Technique

Nitrogen laser are important because they can provide high —power short- duration pulses of
ultraviolet radiation (A=337.1 nm).These laser are widely used in pumping dye laser, spectroscopy
and fluorescence studies, fast speed photography, etc.
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In the present work, Indium oxide (In,O3) thin films have been prepared using chemical spray
pyrolysis method, and irradiated pulses laser N, with different power average (0.85, 1.70, 2.125

and 2.55mW) for irradiation time (5min) and Pulse width (2.5ns) and Peak power (100kw) made in

Germany that was used for the first time in the Ministry of Science and Technology in Iraq.

B. X-Ray Diffraction

In order to expline the structural properties, the nature and the crystal growth of the deposited
films at different depositing conditions, x-ray diffraction measurement has been done according to
the JCPD date for In:Os nanocryst, were examined by X-ray diffractions using a(XR-
DIFRACTOMETER/6000) type Shimadzu X-ray diffract meter system. This system recorded the
intensity as a function of Bragg's angle. The measurement conditions are as follows: Target: CuKo,
Wavelength = 1.5406A, Voltage = 40 Kv, Current = 30 mA, Scanning angle: (20- 80°) and 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.

C. Atomic Force Microscopy

The surface morphology, particle size distribution and Root Mean Square (RMS) of roughness
of In20s films prepared under various condition were analyzed using Atomic Force Microscope
(AFM), (Nanosurf Flex AFM). The Atomic Force Microscopy is a member of the family of scanning
probe microscopes which has grown steadily since the invention of the scanning tunneling
microscope by Binning and Quate. The AFM measures the forces acting between a fine tip and a
sample. The tip is attached to the free end of a cantilever and is brought very close to the surface.
Attractive or repulsive forces resulting from interactions between the tip and the surface will cause

a positive or negative bending of the cantilever.

D. Gas Sensor Measurements

In order to determine the sensitivity parameter mainly the response time and recovery time
of In20s films before and after laser irradiation with different power average, suitable setup is
prepared for this purpose, which it consists of : cylindrical stainless steel test chamber of diameter
21cm and of height 22cm with. A multi pin feed through at the base of the chamber allows the
electrical connections to be established to the heater, K-type thermocouple, and sensor electrodes.

The heater consists of a hot plate and a K-type thermocouple inside the chamber in order to
control the operating temperature of the sensor. A PC-interfaced digital Multimate of type UNI-T
UT81B, and Laptop PC, is used to register the variation of the sensor current when exposed to air-

NO: gas mixing ratio. The mixing is 3% NO2 gas and 97% air, the mixing gas is feeding through a
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tube over the sensor inside the test chamber to give the real sensitivity. The thin films surface
exposed to 6ppm vapor concentrations of Nitrogen dioxide gas.

3. Results and Discussion
A. Structural Properties

1. XRD Spectra

The XRD spectrum of both unirradiated and laser irradiated of In:Os films, in figure (1)
suggesting cubic phase (JCPDS card, No. 44-1087). It is seen that the peaks are more broadened

and shifted toward the decrease in diffraction angle when the film is exposure to laser irradiations.

The XRD pattern shown in figure (1) suggests that the In2Os films polycrystalline in
nanocrystalline In2Os films (Cubic phase). Decrease in size of the particles is also observed as
calculated from Scherrer relation before and after laser irradiation. Usually, the crystallite size
calculated through Scherrer formula is smaller. This is attributed to the widening of the XRD peak
due to internal stress and defects [13]. The intensities of first six characteristic peaks (310), (321),
(411), (431), (521) and (037) almost reduced to half with increase in the broadening (FWHM) in
case of laser irradiated samples.But when you increase the power average to 2.125 and 2.55mW,
note the low intensity dramatically with the disappearance of some of the peaks and tend to the

amorphous.

The expansion and deformation of the sample are attributed to the thermal effect caused by the
localized surface plasmon resonances [14]. Particle size of the crystallites size of the crystals in the
sample before and after laser irradiation is calculated from XRD patterns using following well-

known Scherrer’s formulais calculated using the relation: [15]

D= 99 2)

A9y COSO

Where:

A: is the X-ray wavelength (A )

A (20): FWHM ( degree )

0: Bragg diffraction angle of the XRD peak ( degree )

The calculated values are given in table (1).

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 1, January-2016 120
ISSN 2229-5518

1400
Bafons- lasar irragation
gz} Pa=0_S5 m\w
1200
1000 o
3 z0 4
E
=
L
400 o
200 (310} I“Qe@ﬁg)
(411} ’ [E3T)
[ . -
20 5] 40 50 =] 7o =]
1008
Aftsr- lzsar Ioradiation
— B2y Pa=0_35 muv
F00 -
ToE -
-
=
&= 500 -
5
= 400
300 -
] 310
200 (319} [431)
108 -
]
0 30 40 50 3] 70 g0
20(deg)
2000
(321 Bafors- laser irmadiation
1800 - Pa=1.70 muv
1600 -
1400 -
5 1200
=
£ 1000
5
C &0l
s00
400
(310} [431}
200 - (411} [521} BT}
o - T T T T T =
20 E1) 40 s (1] T =
20(deg)
IJSER © 2016

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 1, January-2016 121
ISSN 2229-5518

1000

Batore- sar imadiation
Pa=2125 mw

200
(21}
00
TOD A
SO0

S00 1

nensity @.u.)

400 4

00 1

200 (310

100 4

0 30

200
After- laser irmdiation

180 Fa=2.125 m\y

160

140 {210}

-
]
=

tensity (a.u.)
g

80

&0

40

20

20(deg)

1000
Batgre- lasar Ima diathon
500 4 Pa=2 55 mwW

{321}
S00 4
To0 -

E00 4

S00 A

Ftensity a. . )

400

00

200 - [>19)
1431} ys21)

100 - 411} [E3T)
- .JL,,’K.., R e P -

-} T T T T T
20 E1] 40 0 ] Te =u)

20(deg)

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 1, January-2016 122
ISSN 2229-5518

200
Aftar- lser rradiaton
180 Pa=255 mf
180
140
Sz gy
3 1]
3 3T
=
c
B
=

20(deg)

Figure (1) XRD before and after laser shot with different power average.

Grain Size (D)

The crystallite size of In2Os films prepared at different power average. The films prepared before
of laser irradiation showed the highest crystallite size and its value decreases after of laser
irradiation as shown in table (1). The decrease in grain size indicates reduce the disorder, which
may be due to residual compression stresses in the film or substitution of elements of small size
for elements of large size. The XRD peaks can be widened (FWHM increase) by internal stress and
defect when increasing after irradiation in the films, so the grain size decreases with increasing of
power average [15]. On the other hand we can observe that the intensity of (321) peaks becomes
weaker whereas peaks also become less intense at the laser power average increases. This indicates
that the degree of crystalinity decreases with increasing power average in the film. The main

calculations of the structural properties have been listed in the following;:
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Table (1) The obtained result of the structural parametersfrom XRD for Nanocrystalline
In,0O3 Films with different power average.

state

20
(Deg.)

FWHM
(Deg.)

G.S

(nm)

dha
Exp.(A)

dna Std.
(A)

hkl

phase

card No.

Before
Pa=0.85
mW -glass

After
Pa=0.85
mW -glass

Before
Pa=1.70
mW -glass

After
Pa=1.70
mW -glass

33.78

0.5

17.5

2.65

2.7

(321)

Cub.In203

44-1087

33.77

0.58

15.0

2.65

2.7

(321)

Cub.In203

44-1087

33.82

0.54

16.17

2.65

2.7

(321)

Cub.In203

44-1087

33.8

0.64

9.04

2.66

2.7

(321)

Cub.In203

44-1087

Before
Pa=2.125
mW -glass

After
Pa=2.125
mW -glass

Before
Pa=2.55
mW -glass

33.84

0.62

14.04

2.64

2.7

(321)

Cub.In203

44-1087

33.66

1.02

8.93

2.7

2.7

(321)

Cub.In203

44-1087

33.72

0.6

14.61

2.65

2.7

(321)

Cub.In203

44-1087

After
Pa=2.55
mW -glass

33.69

1.04

8.04

2.7

2.7

(321)

Cub.In203

44-1087

The (d) value, that is the interplanar spacing of (321) plane of the film was evaluated from the

position of (321) peak from the XRD table (1). The observed (d) value is (2.64-2.7A) which is in

excellent agreement with the standard (d) value 2.7A taken from the (JCPDS/44-1087) and the

position of (321) peak taken from the XRD pattern is 33.66-33.84° which is in agreement with the

standard value 33.10° taken from (JCPDS).
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Lattice Constant (a)

The lattice constant (a) belong to the (321) plane as a preferred orientation for the In2Os thin
film for different power average with the agreement with the standard (JCPDS) values have been
listed in table (2). The a-axis lengths increase when increasingpower average of irradiation after

from 0.85 to 2.55 mW, as in table (2).

Table (4.2): The values of lattice constant (a) of In,Osfilms with different power average

State-glass Pa=0.85 mW Pa=1.70 mW Pa=2.125 mW Pa=2.55 mW
a (A)-Before 9.91 9.91 9.90 9.91
a (A)-After 9.91 9.93 10.1 10.1

Texture coefficient (T¢)

The value of texture coefficient of nanocrystallineIn-Os films are listed in table (3) .the

texture coefficient is calculated using the relation: [15]

I (hkl) /1, (hkl)
N, "> 1(hkl)/1,(hkl)

T. (hkl) = (3

Where (I) is the measured intensity, (I.) is the JCPDS standard intensity, (N:) is the reflection

number and (hkl) is Miller indices.

For crystal planes for all films, the value of texture coefficient decreased with increasing power
average. The value of the texture coefficient indicates the maximum preferred orientation of the
films along the diffraction plane, meaning that the decrease in preferred orientation is associated

with decrease in the number of grains along that plane.
Number of layers (N))

The number of layers evaluated from different power average is listed in table (3). The number of

layers is calculated using the relation: [15]
t=09.sx N,

Where (D) is a mean crystallite size or average grain size. The value of the number of layers

increases with increase power average.
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The Number of Crystallites Per Unit Area (N,)

By using the nanocrystalline In2Os films and grain size of the films prepared on glass
substrate by spray pyrolysis technique at the substrate temperature (300°C) the number of

crystallites per unit area was calculated and listed in table (3),and as in equation:
No=t/gs3 cry/m)? .....ccooenrinnnn (5)
The values of the number of crystallites per unit area increases with increase power average.
Dislocation Density (5)

The dislocation density is the measure of amount of defects in a crystalcalculated using the

equation:

O = LZ (lines/cm?)  ..c.ceevvevennee (6)
g.s

Its obtained in the present work confirmed good crystallinity of the nanocrystallineln-Os films
fabricated by employing spray pyrolysis technique as shown in table (3). The values of dislocation

density increaseswithincrease power average.
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Table(3) some parameters that have been obtained from XRD diffraction with power

average.

N1 x1018m?2
state 0 x104m?2 Nox1018m?2 Tc hkl

Before
0.85mw- 11.42 3.2 0.037 2.80 (321)
glass

After
0.85mw - 13.33 44 0.059 2.38 (321)
glass

Before 1.70

12.36 3.8 0.047 3.23 (321)
mw-glass

After 1.70

mw-glass

22.12 12.2 0.27 2.98 (321)

Before
2.125 mw- 14.24 5.07 0.072 2.35 (321)
glass

After 2.125

mw-glass

22.39 12.5 0.28 2.69 (321)

Before
2.55mw - 13.68 4.6 0.06 2.28 (321)
glass

After 2.55

mw-glass

24.87 15.4 0.38 1.34 (321)

2. Atomic Force Microscopy (AFM)

The surface topography of the pristine and irradiated nanocrystalline In2Os films were
studied using Atomic Force Microscopy (AFM) Figure (2) shows the two and three dimensional
micrograph in (2x2pum?) of In20s films with different power average (0.85, 1.70, 2.125, 2.55mw).
The average grain size, root mean square roughness (RMS) and surface roughness of these films
are shown in table (4). The AFM images of all samples displayed are granular structure. The
average grain size decreasing from 49.0nm to 38.8nm after increasing the of power average of 0 to

2.55mW (after irradiation), these small grain sizes are uniformly distributed of shape and size
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along the film surface, with tight packed grains is observed. the increasing power average lead to
increased thermal energy, which enhances the mobility of the atoms on the surface further to form
even larger grains, as they form smaller grains, the root mean square roughness and surface
roughness also decreases due to the formation of deeper edges, or the surface roughness was
decreasing as the power average increase. The roughness of the coated surface is an important
parameter, where the surface roughness not only describes the light scattering but also gives an
idea about the quality of the surface under investigation, in addition to providing some insight on
the growth morphology. All the images appeared in figure (2) show homogeneous cluster
distribution with nanocrystalline, also the energetic heavy ions provide sufficient energy for

promoting the sputtering from the surface of the grains that leads to reduction in the grain size of

nanocrystalline In-Os Films [16].

Before Irradiations
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Figure (2) 2D and 3D AFM images of In20:s films deposited at 300 °C temperature with different
power average.

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 1, January-2016 129
ISSN 2229-5518

Table (4) The values of AFM (before and after laser irradiated with different power average of

In20s films).
Samples Root Mean Surface Masimum Grain
Square Roughness height (nm)
(nm) (nm) eight tnm Size (nm)
P.=0.0
6.23 5.26 26.1 49.0
Before irradiation
P.=0.85mwAfter
. L. 4.65 412 16.0 45.26
irradiation
=1.70mwAfter
. L. 3.76 3.24 15.1 42.51
irradiation
P.=2.125mwAfter
. L. 3.18 2.74 129 40.09
irradiation
P.=2.55mwAfter
. L. 1.09 0.93 5.06 38.8
irradiation

B. Sensing characteristics of the nanocrystalline In,O3 films sensors

The sensing for NO:z gas properties of nanocrystallineIn.Os with investigated as a function of the
operation temperature and also response and recovery time. In order to understand the
temperature dependence on sensitivity to different power average of In2Os thin films specimens
for chemical sensing NO: gas with concentrations of about 6ppm. The sensing test was done using

3% NO2 and 97 % air mixed ratio.
1. Effect of operating temperature

In general, the sensitivity of the sensor is affected by the operating temperature. The higher
temperature enhances surface reaction of the thin films and gives higher sensitivity in a

temperature range.

Figure (3) shows the sensitivity as functions of operation temperature from 150 to 350°C for the
various power averages (0.85, 1.70, 2.125 and 2.55mW) of deposited In20s films under 6ppm NO:
concentration. A rapid increase in sensitivity was observed as the operation temperature was
increased to 300°C and reached a maximum for the P.=1.70mw films and decreased thereafter with

further increase in operation temperature. The variation of the temperature reveals resistance of
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the film decreases as the temperature increases from room temperature to 150°C showing a typical
negative temperature coefficient of resistance, due to thermal excitation of the charge carriers in
semiconductor [17]. Above 150°C for different power average, sensor film displays positive
temperature coefficient of film resistance as temperature increases further, which may be due to
the saturation of the conduction band with electrons elevate from shallow donor levels caused by
oxygen vacancies. At this point an increase in temperature leads to a decrease in electron mobility
and a subsequent increase in films resistance. Similar observations are made by other research
groups [18, 19]. At temperature higher than 150°C up to 300°C, the film resistance is greatly
affected by the temperature variation because of the increase Sensitivity, probably due to the
equilibrium obtained between the two competing processes: Thermal excitation because of
irradiation of electrons and the oxygen adsorption. Finally, at temperature higher than 300°C the
resistance decreases again, probably because of the dominant excitation of electrons and
desorption of electron species [20]. So we believe that, the temperature range 150-300°C is suitable
for sensor operation due to the small temperature dependence of the sensor. The sensitivity factor

(5%) at various temperatures is calculated by equation:

The relationship between power average, surface roughness and sensitivity's shown in table
(5). The maximum sensitivity of the In20Os film to NO: gas is found to be 64.12% at 300°C for
power average 1.70mw.In:0s thin films have no sensitivity for NO: Air mixed ratio for
temperature less than 150°C. The sensitivity of the metal oxide semiconductor sensor is mainly
determined by the interaction between the target gas and the surface of the sensor, the greater the
surface area of the materials, the stronger the interaction between the adsorbed gases and the
sensor surface, i.e. the higher the gas sensing sensitivity. It can be observed from AFM
morphologies as shown in Table (5) that the surface roughness is small in the Pa=2.55mw film is

lower Sense, While sensitivity increased with increasing surface roughness.
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Figure (3) The variation of sensitivity with the operating temperature for different power

average of the prepared In,O3 gas sensor .

Table (5) the values of sensitivity and surface roughness for In,O3 thin film with

different power average.

averagepower Sensitivity %
Surface roughness (nm)
(mW) at 300°C
P.=0.85 54.04 4.12
P.=1.70 64.12 3.24
P.=2.125 60.22 2.74
P.=2.55 53.97 0.93

2. Response Time and Recovery Time

The response time and recovery time of thenanocrystallineln20Os films towards 3% NOz:

Air. The results are shown in figures (4) and (5), the relation between the response and recovery

time with different power average of optimum operating temperature (150-300°C) of test gas.

The response and recovery time ranging between increase and decrease with increasing power
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average of films. The largest response and recovery time at this point were coming from power

average (2.125mw) with grain size (40.09) nm at time (11.7sec) for response time and (23.4sec) for

recovery time comparing to other samples. Both response and recovery time of the sensor have the

same behavior as the NO:2 target gas. Both of them were increased and decreased with increasing

power average which the lowest response and recovery times of (5.85s) and (9.0s)at power average

(0.85mw)respectively are observed.All samples were tested at different power average and bias

voltage (6 volt). The table (6) shown that response and recovery time with different power

average.

Table (6) The values of response and recovery time with different power average.

Temperature (°C) Power average (mw) response time (sec) recovery time (sec)
150 0.85 5.85 9
200 1.70 8.1 9.9
250 212 11.7 234
300 2.55 8.55 18.9
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Figure (4) The variation of response time as function with different power average of

the In,O3; gas sensor.
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Figure (5) The variation of recovery time as function with different power average of the
In,O3; gas sensor.

4. Conclusions

In20s Films Prepared by Chemical Spray Pyrolysis technique are irradiated with N2 laser at
337 nm at substrate temperature of (300 °C) on glass substrate and different power average (0.85,

1.70, 2.125 and 2.55mW).

The XRD results showed that all films are polycrystalline in nature with a cubic structure and
the preferred orientation was along the (321) plane for all films. The XRD peaks can be widened
(FWHM increase) by internal stress and defect when increasing after irradiation in the films, so the
grain size decreases with increasing of power average. The average grain size for In-Os, estimated
from XRD analysis. The power average (0.85mW) has highest grain size of about 17.5nm, and the
power average (2.55mW) has minimum grain size of about 8.04nm, and was shown and have well
identical with standard card (JCPDS) for cubic In:0s crystal. Surface morphology by laser

irradiation of nanocrystalline In2Os films is change after irradiation.

The average of surface roughness (RS) and root mean square (RMS) was decreased after
irradiation and grain size of In2Os Film is decreased from 49 to 38.8 nm after irradiation with

different power average.

Nanocrystalline In20Os films sensors demonstrated high sensitivity and relatively fast to NO2

gas. Thus, they exhibit showing excellent sensitivity for the maximum sensitivity is (64.12%) at at
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300 °C for power average 1.70mw with grain size 42 nm. The largest response and recovery time
at this point were coming from power average (2.125mw) at time 11.7sec for response time and
23.4 sec for recovery time, while fast response time (5.85s) and recovery time of (9.0s) at power
average (0.85mw) comparing to other samples. The sensitivity of the In2Os films the increase in the

power average led to increasing in the sensitivity.
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