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Abstract

Transparent conducting oxides thin films of copper aluminium oxide (CuA1O,) were
prepared from mixture of CuCl, and Al,Cl; salts by spray pyrolysis technique on a glass
substrate at temperature (500°C). The as-deposited film show pure delaffosite phase of
CuAlO, by XRD spectra, also many peaks of CuAIO, were appeared after annealing at
different energy fluence. The optical transmission of thin films was measured by UV-VIS
spectrometer and reach to 74% in visible region. The direct and indirect optical band gaps
of the films are found in the range of (3.4-3.1) eV, and (2.1-1.5) eV, respectively
depending on the annealing energy fluence at (300, 600, 900, 1200) mJ/cm?.
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INTRODUCTION

devices and are commonly used in transparent electronics due to their unique
combination of electronic conductivity and transparency in the visible region of
the spectrum [1]. CUAIO, thin films with delafossite structure have attracted much

Transparent conducting oxides (TCOs) are very important for various kinds of
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attention as p-type TCOs since it was firstly prepared in 1997 by Hosono and Coworker
[2]. Properties of TCO material has found extensive applications in optoelectronic
devices such as solar cell, liquid crystal display, heat mirrors, photovoltaic cell, low
emissivity window, transparent electronics, electro chromic devices and many others
different applications depending on the type of conduction in the material [3, 4]. There
are several type have been used to prepared CuAlO, thin films such as sol-gel [5], pulsed
laser deposition [6], Chemical solution deposition (CSD) [7], radio frequency (r.f)
magnetron sputtering [8], and spray pyrolysis [9].The spray pyrolysis has some
advantages it was one of the major techniques to deposit a wide variety of materials,
Simple, inexpensive, the final product composition can be easily controlled, and has the
ability to produce chemically homogeneous multi-metal oxides [4,10]. In this work
CUuAlQO, thin film was prepared by spray pyrolysis and performed annealing treatment the
films. We focused on the effect of annealing energy fluence on the structure, and optical
properties of the films.

Experimental

CuAlO; thin films were deposited on glass substrate using spray pyrolysis process. The
starting solution was prepared using CuCl, and Al,Cl; salts dissolved in distilled water
in the ratio (0.1: 0.1) M. This solution was mixed by using a magnetic stirrer until the
solution has been cleared. the solution was sprayed on a glass substrate heated to
temperature (~500 C°) measured by (Infrared Thermocouple AR 350) with compressed
air as a carrier gas. The distance between the nozzle tip and the substrate surface kept at
30 cm, and spray rate was 5 ml/min, the time of the deposition was (5sec) each (60 sec).
After deposition, thin film was stay on heater even the temperature down to room
temperature. After deposition, the samples were annealed at different energy fluence
(300, 600, 900, 1200) mJ/cm?. Thickness of deposited thin film was (0.37pum) determined
by optical interference methode (Fizeau method). This method based on interference of
the light beam reflected from thin film surface and substrate bottom. The thickness is

determined using the formula[11]:

_x A
t=22 ()

Where (X) is fringe width, AX is the distance between two fringes, and A is wavelength of
laser light (He-Ne laser 632.8 nm).
The reaction may be represented by the following equation:

2CuCl,.2H,0 + Al,Cl3.2H,0 + 20,———2CuAlO, +7CI + 6H,0 ..(2)
The structural characterization of thin films was studied by using X-ray diffractometer
with Cu, BF 2.7KW radiation (A=1.5418 A°, SHIMADZU, JAPAN), the influence of

annealing at differ energy fluence on the optical property were investigated by using
(UV-VIS-NIR) spectrophotometer.
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Results and Discussion
Structural properties

Figure (1-A) shows the XRD spectra of deposited thin films before annealing, which
shows three intensity (006), (101) and (012) of delafossite CUAIO, at (20= 32°, 36°,
38.5°) and low intensity (111) of CuO at (20= 39°). The effect of laser annealing at
different energy fluence on the structural properties of CuAlO, thin films can be
understood from figures (1- B,C,D,E). It is seen that increasing in intensity of (006)
orientation may be due to annealing energy fluence decreasing the defect in the CuAIO,
films and improving quality of films, also when annealing energy fluence increased the
CuO phase begin disappear and CuAIO, phase was dominated. Figure (1-B) presents the
XRD results of the prepared film at (300 mJ/cm? ) which shows a high intensity of
CUAIO, delafossite at (20= 32°) reflected from (006) plane, and other peaks of these
phase appeared at (20=36°, 38.5°, 44.8°, 49°) with orientation (101), (012), (015) and
(009) respectively, at (26=39°) CuO phase reflected from (111) plane were found to agree
with [12]. The diffraction pattern of the film annealing at (600 mJ/cm?) shows high peak
(012) orientation and (006), (101), (015) peaks of CUAIO, at (26=38.5°, 32°, 36°, 44.8°)
respectively, in figure (1-C). While figure (1-D) represents this film in annealing energy
fluence (900 mJ/cm? ) has three peaks of CUAIO, (006), (101) and (012) at (26=32°, 36°,
38.5°) respectively. Three peaks of delafossite CuAIO, (006), (101) and (012) plane
were appeared in figure (1-E) when the film annealed at (1200 mJ/cm? ) energy fluence.
We noticed that pure CuAlO, films are obtained and the crystallization quality of CAO
decreases with the increase of the annealing energy fluence. In general, the crystallinity
of thin film should be improved with increase in annealing, but the weakened crystallinity
of our films may be due to the poor morphology induced by quick rearrangement and
coalescence of CuAlO, grains in the film at high energy fluence, agree with [13].
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Figure (1):- XRD results of CUAIO, layer (A) before annealing, (B) after annealing
at 300 mJ/cm?, (C) 600 mJ/cm?, (D) 900 mJ/cm?, (E) 1200 mJ/cm?.

Optical properties

The optical transmission of copper aluminum oxide CAO thin films prepared on glass
substrate was measured by UV-VIS spectrometer as a function of a (200-1100) nm wave
length range. The transmission is increased with wave length increasing and this is one of
a property of semiconductor. Figure (2) display the optical transmission of CuAIO, films
before annealing it is found 38%, while after annealing the value of transmission
increasing and reach to 74% at 300 mJ/cm? around (500 nm) and a sharp absorption
edge is observed at (350 nm) due to improvement the structure of film and reduce of
impurities and defects leading to the reduction of reflection and scattering effect. But by
rising the fluence, the transmission in the visible region decreases and the absorption
edge shifts to the long wave length. The decrease of the crystalline quality and the poor
morphology may be the reasons for this reduction, this agrees with [13]. Compared with
the films prepared by chemical solution deposition method, T 70% [7] and DC. sputtering
process, T 70% [14], the optical transmittance of our films is relatively higher.
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Figure (2):- Transmission as a function of wave length for CuAIlO, thin films.
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The optical absorption coefficient (o) for the prepared thin films was calculated using the
following equation [15]:

i) E)

Where t is the film thickness and T is the transmittance of the film.

Figure (3) exhibits the variation of the absorption coefficient against wavelength for
CUuAlQ, films before and after annealing with different laser energy fluence. It is found
that the highest absorption coefficient was at short wave length range (300 — 400 nm).
The absorption coefficient of CUAIO, thin films increased sharply in the UV range, and
then decreased gradually in the visible region because it is inversely proportional to the
transmittance. The absorption coefficient is decreasing by the annealing, then return to
increase when the annealing fluencies increases. This can be linked with increase in grain
size after annealing.
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Figure (3) The optical absorption coefficient as a function of wavelength of CuAlO,
films.

The optical energy gap in general depends on the arrangement and distribution of atoms
in the crystal lattice and the films crystal structure. The relation between the absorption
coefficients (o) and the incident photon energy (hv) can be written as [16].

(ahv)""=A(hv-E ) .. (4
Where A is a constant, Eg is the optical band gap of the material and exponent n depends
on the type of transition. A plot of (ahv)/" vs. hv shown in figure (4,5) gives the direct

allowed optical band gap (n=1/2) and the allowed indirect optical band gap (n=2) by
extrapolating the linear part of the plot to intercept with (hv) axis when (0=0).
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This results refer to a fact that the energy gap increased with the annealing at (300
mJ/cm?) may be due to the removal of surface defects at annealing and enhancment the
crystallinity. While by increased the annealing energy fluence the energy gap reduce
because of increase the defect and decreased the crystallinity as shown by XRD. Before
annealing the direct energy gap (Egq) and indirect energy gap (Eg;,) were calculated (3
eV and 1.5 eV) from figures (4-A) and (5-A) respectively. And these values increased by
annealing and reached to (3.4 eV and 2.1 eV) for (Egy) and (Egi,) at 300 md/cm?
illustrated in figures (4-B), (5-B), when increasing fluence of annealing, these values of
direct and indirect energy gap begin to decline to ( 3.3, 3.2, 3.1) eV, (1.7, 1.6, 1.5) eV at
600, 900, 1200 mJ/cm? respectively. These results agree with the results of many studies

[16-18]. The band gap values of CUAIO, thin films are listed in table (1).
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Figure (4) Plots of (ahv)? versus (hv) of CuAIO, thin films at (A) before annealing,

(B) 300 mJ/cm?, (C) 600 mJ/cm?, (D) 900 mJ/cm?, (E) 1200 mJ/cm®.

914




. &Tech.Journal, Vol.33, Part (B), No.5,

p{iils]  Laser annealing effect on the optical properties of

CUuAIO, thin film

6 - N
s
g
S 4 -
)
5 3 -
%
X2
£1
ca Eg=1.5eV
=l.o0e
0 4 Ry
1 2 Bo (ev) 4 5 6
12 - B 3.
d0 - X
= 2.5
: ¢
86 S
36 ;‘1.5-
X
>4 217
- -
3 3
2 - 0.5 -
Eg=2.1 Eg=1.7 eV
O T iy LI B B B B B B B B B B | O T ,gl T T
1 2 3
hv (eV) 1 hu?eV) >
:\1;2_ I_D 12 -
2o |
g g
Es— s
(6]
N6_ >. -
: &
x4 gt
= Eg=1.6 eV :50 Eg=1.5eV
0 LI S B B B I B B B B B B B B B B p B | _g ' Trrrr T
1 2 hoiev) 4 5| = 1 2 hd(ev) 4

Figure(5):- Plots of (ahv)%2 versus (hv) of CUAIO, thin films at (A) before annealing,

(B) 300 mJ/cm?, (C) 600 mJ/cm?, (D) 900 mJ/cm?, (E) 1200 mJ/cm?.
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Table (1) The direct and indirect energy gap of CUAIO, thin films.

sample Direct energy gap Indirect energy gap
(Ega) (Egin)

Before annealing 3eVv 15eV
Annealing at 300mJ/cm’ 3.4eV 2.1eV
Annealing at 600mJ/cm® 3.3eV 1.7eV
Annealing at 900mJ/cm’ 3.2eV 1.6 eV
Annealing at 1200mJ/cm* 3.1eV 1.5eV

The values of extinction coefficient are calculated using the following equation [19] :

.. (5)

The K values are plotted vs A for CuAlO; thin films before and after annealing at
different fluencies as shown in figure (6). Extinction coefficient decreased by annealing.
This reduce may be attributed to change in crystalline structure. This result agrees well

with literature [20].
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Figure(6) Extinction coefficient as a function of wave length of CuAlO, thin films.
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Conclusion

In the study, CuAlO, delafossite thin films were deposited using CuCl, and Al,Cl;
salts by spray pyrolysis technique with annealing at different energy fluence. The
annealing plays an important role in the structure and optical properties of CUAIO, thin
film, where the crystallite of CAO thin films is increased with annealing energy fluence
of laser. From UV-VIS transmittance measurements conclude that the transmittance of
CAO thin film increased by annealing energy fluence than before the annealing. Also the
direct and indirect optical energy gap of synthesize films are increased by annealing
energy fluence and reach (3.4) eV and (2.1) eV respectively, than before the annealing,
then reduced with continuous in energy fluence. While the optical absorption coefficient
and the extinction coefficient values are high before annealing and they decreased with
annealing energy fluence.
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