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Abstract

In this research the effect of laser irradiation N, at 337 nm on the optical
properties of the nanocrystalline In,O3; films subjected to laser irradiations with
different power average (0.85, 1.70, 2.125 and 2.55mW ) for irradiation time (5min).
By, by using UV-VIS spectrophotometer technique, can many of the optical properties
account of study change spectral transmittance and absorbance of these membranes,
such as the expense of absorption coefficient, and energy gap for direct transitions It
was found that the band gap decreases when the thickness increases and the band gap
values ranges between 3.5eV to 3.0eV. and calculate the reflectivity and extinction
coefficient and refractive index and dielectric constant real and imaginary and optical
connectivity. the exposure of the as deposited films to a selected dose of laser
irradiation, the optical properties films varies with increase in the power average
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INTRODUCTION

n,03 is a wide band gap (i.e., direct band gap of 3.55eV and indirect band gap of

2.6 eV) transparent conducting oxide semiconductor often used as transparent

conductive electrode in optoelectronic devices such as solar cells, flat panel
display, and light-emitting diodes (LEDs) [1-3].Therefore, extensive studies had been
concentrated on the electrical properties of In,O3 films [4, 5]. However, light-emitting
properties of bulk In,O; were seldom investigated due to its forbidden dipole
transition. Recently, investigations have revealed that nanostructured semiconductors
can demonstrate unexpected optical properties when compared to its bulk counterparts
[6]. This offers tremendous opportunities to modify the undesired optical
characteristics of dipole-forbidden semiconductors. Hence, different fabrication
techniques such as vapor transport process, chemical vapor deposition, as well as
electrochemical deposition and oxidization, have been proposed to fabricate
nanostructured In,03 [7]. Because of the size reduction, visible photoluminescence
(PL) spectra were observed from In,O3 nanoparticles, nanobelts and nanowires at low
temperature [8-12]. The corresponding emission mechanism was attributed to either
the small dimension of amorphous In,O5 [8, 9] or the induction of oxygen vacancies
[10, 11] in nanoscale. Ultraviolet (UV) emission, which is due to near-band-edge
recombination, was also measured from In,O; nanowires embedded in alumina
template [12, 13]. Nevertheless, electroluminescence (EL) has neither been
demonstrated from In,O3 films nor nanostructures. In the present work, Indium oxide
(In,03) thin films have been prepared using chemical spray pyrolysis method, the
objective of this work is to investigate the tuning of optical properties of samples after
irradiation by pulses NO, laser at different power average.

Experimental

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. 1t might be used in solar and sensor applications.
The spraying solution which contains the materials necessary for fabrication of the
In,O; film can be prepared by mixing Indium chloride InCl, and thiourea CS(NH,),
as starting materials. The molar concentration of the solution should be equal to 0.1
mole/100ml. In order to prepare the solution of 0.1 molar concentrations from these
two materials, 0.6814 gm weight of InCl, and 0.3806gm weight of CS(NH,), are
needed from each of them, melted in 100 ml of distilled water, according to the
following equation:
Weight of the material (g) =Volume (ml) x Molecular concentration (mol/l) x
Molecular weight  (g/mol) .. (D)

Finally, the two weights materials dissolved in (100ml) of distilled water to get the
desired solution (The spray solution).The solution then sprayed and deposited on a
cleaned glass substrate at a temperature of (400°C) to get the finally In,O4 thin films.
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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, 2.12 and 2.55mW) from NO, laser
system at 337 nm wavelength.

Optical Measurements

The optical measurements of the In,O; thin film are calculated from transmittance
and absorbance spectrum at normal incidence over the range (320-1100nm), by using
UV-VIS spectrophotometer, type (SHIMADZU ) ( UV-1600/1700 series ).

Thickness Measurements
Optical interferometer method by (He — Ne) laser:

The films 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 um) is used and the thickness is
determined using the following formula: [14]

AX A
d=—x— .. (2
XX2 2

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 (300nm). 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.

Results and Discussion
Optical Properties Measurements

Optical properties of great importance in the study of the behavior of the optical
semiconductor materials, which it can see the practical application of appropriate,
visual behavior is closely associated with the crystal structure of the material, and the
installation of energy level. The optical properties of the nanocrystalline In,O3 films
deposited by chemical spray pyrolysis technique on glass substrate at 400°C
temperature with different power average (0.85, 1.70, 2.125 and 2.55mW).

Transmission (T%)

Transmission of films depends in general on the thickness of the film, and the nature
of the surface and the type of material, and its crystal structure, and the degree of heat-
substrate, as well as the algebraic sum of the absorbency and the reflectivity of these
films. Transmission were measured for all films in room temperature by UV-VIS
spectrophotometer in the range from 320nm to 1100nm. The variation in the
transmission of nanocrystalline In,O3 films depends on the method of preparation of
the films. The transmittance spectra of the In,O5 films coated with different power
average are shown in Figure (1). The figure shows that films with power average
(Pa=0, 1.70 and 2.12 mW) have a maximum transmittance of 85% in the visible
region. The porosity, crystalline, structural and surface homogeneity influence the film
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transmission It has been observed that the over all T% decrease with the increase in the
power average. When the power average is small, the porosity will be high which will
tend to increase the transmittance, at the same time the crystallinity, surface and
structural homogeneity may be poor tending to reduce the transmittance, but because
of the dominance of the effect due to porosity, the transmittance could be high.
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Figure (1) The optical transmission of In,O; thin films with different power
average.

Absorbance (A)

The absorbance spectra of the thin films of In,03, having different power average,
are shown in Figure (2). These spectra reveal that films, grown under the same
parametric conditions have low absorbance in the visible and near infrared regions.
However, absorbance in the ultraviolet region is high. The enhanced absorption is
observed in the neighborhood of A=420nm. It has been observed that the maximum
absorption peak shifts towards the longer wavelength with increasing power average to
2.55 mW. Most likely, this means that big particles will be present due to longer
growth time and to the high probability of deposited particles muster. In other words,
atoms and nanoscale particles deposited under laser radiation tend to muster during and
after the laser pulse.

This reality leads to generate of larger particles that becomes more distinguished
when the density of the In,O; particles increases further with increasing the fluency.
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Figure (2) The optical Absorption of In,O3 thin films with different power
average.
Absorption Coefficient (o)

We calculated the absorption coefficient (a) as a function of photon energy of In,03
films with different power average. Figure (3) shows the absorption coefficient (o) of
In, O3 films increasing with the increasing of photon energy (or absorption coefficient
a of In,O3 films increasing with the decreasing of wavelength). The absorption
coefficient of nanocrystalline In,O5 films decreased in the UV/VIS boundary (or at
lower photon energy), and then decreased gradually in the visible region (or at high
photon energy) because it is inversely proportional to the transmittance.
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Figure (3) Absorption coefficient as a function of photo energy In,Oj3 thin films
with different power average.

Optical energy gap ( Eg)
The optical band gap ( Eg ) is given by equation (3). [14]
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_n' _ 1/2
ahv=B'(hv - EQ) . Q)

Where B': is inversely proportional to amorphusity.
hv: is the photon energy.
Eg @ is the band gap.

Figure (3) shows the variation of band gap with the different power average of the
films. In,03 thin films grown here have band gap in the range (3.5 -3.0 eV) which
shows in table (1). These values are decreasing with the increasing power average of
the films. There is the possibility of structural defects in the films due to their
preparation this could give rise to the allowed states near the conduction band in the
forbidden region. In case of increasing power average films these allowed states could
well merge with the conduction band resulting in the reduction of the band gap [14].
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Figure (4) shows the variation of band gap with In,O; thin films with different

power average.
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Table (1): The values of optical energy gap for In,O3 thin film with power

average.
Before Irradiations 3.5
P.,=0.85 After- 3.35
P.=1.70 After- 3.3
P.,=2.12 After- 3.1
P.,=2.55 After- 3

Optical Constants

The optical constants are very important parameters because they description the
optical behavior of the materials. The absorption coefficient of the material is a very
strong function of the photon energy and band gap energy. Optical constants included
refractive index (n), extinction coefficient (ky), and (g;) and imaginary parts (g;) of
dielectric constant. The complex refractive index (n.) is defined as [14]:

n, =n-ik, - (4

And it is related to the velocity of propagation (V), and velocity of light in vacuum (c)
by:

v=" .. (5)
n

c

The refractive index value can be calculated from the formula:

4R 2 172 (R+1)

"“lropr ) TRrop (6)
(R-2) (R-1)

Where R is the reflectance, and can be expressed by the relation:

r_ (M-D%+k,”
(n+1)? +k,>

The extinction coefficient, which is related to the exponential decay of the wave as
it passes through the medium, is defined as:

. (7)
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ar .. (8)

o ax
Where A is the wavelength of the incident radiation.

The real and imaginary part of dielectric constant can be calculated by using the
following equation:

(n-ik, )’ =¢, —ig .. (9)
Where

g =n? -k’ ... (10)
and

g =2nk,, .. (11)

Reflectance (R)
Defined as the ratio between the reflective intensity of the reflected beam to the

amount of incident radiation. It can calculate the reflectivity of the, according to
equation (7). Figure (5) shows the change in reflectivity as function to the wavelength
of the In,O3 films.The reflectance of In,O5 thin films is small in the near infrared. The
over all reflectance of the film increases with increases power average of the films.
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Figure (5) The optical Reflectance of 1n,0O; thin films with different power
average.

Refractive Index (n)
The refractive indices (n) of the In,03 thin films are determined from equation (6),

figure (6) shows the variations in the refractive index with the wavelength. The
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increase in the power average results in the over all increase in the refractive index.
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Figure (6) Refractive index as a function of wavelength for In,O3 thin films with
different power average.

Extinction Coefficient (Ko)

The extinction coefficient (K,) is evaluated using equation (8). Figure (7) shows the
extinction coefficient (K,) as a function of wavelength for In,O3 thin films with
different power average. The extinction coefficient decrease as the wavelength
increases. And the extinction coefficient increase as the power average increases, the
increase of surface roughness with decreasing power average for crystalline film will
decrease surface optical scattering and optical Profit.
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Figure (7) Extinction coefficient as a function of wavelength In,O; thin films with
different power average.
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Real and Imaginary Part of Dielectric Constant (g,, &;)

The real and imaginary part of dielectric constant of the In,Oj5 thin films have been
investigated using equations (10) and (11) as shown in figures (8) and (9), the variation
of (&), (¢;) with wavelength for percentage of different power average of In,O; films.
The obtained results show that the values of real (g;) part of dielectric constant are
increased with increasing of wavelength for In,O3 thin films, especially it increased
with increasing of power average and should be noted that imaginary (g;) parts values
for In,O3 films are increased with increasing of wavelength for In,O3 thin films,
especially it increased with increasing of power average.
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Figure (8) Real part of dielectric constant of the In,O3 thin films with power
average.
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Figure (9) Imaginary part of dielectric constant of the In,O3 thin films with
power average.
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Optical Conductivity (o)

Figure (10) shows the variation of optical conductivity as a function of photon
energy for different power average of In,O3 films. From the figure, we can see that the
optical conductivity increases with increasing photon energy. This suggests that the
increase in optical conductivity is due to electron exited by photon energy, and the
optical conductivity of the films increases with increasing power average in the films.
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Figure (10): Optical conductivity as a function of photon energy for In,O; thin
films with power average.

Conclusions

The optical analysis showed that the influence of power average on the energy gap
of nanostructure In,O; films is significant and found that the band gap of In,O3 films
could be wide with decreasing power average, because that In,O; films have average
transmittance larger than (85%) at power average (0, 1.70 and 2.12 mW), we can use
these samples as an optical window in solar cell. The band gap decreases when the
power average increases and the band gap values range between 3.5eV to 3.0 eV.
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