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Abstract : Thin films of p-type transparent conducting CuAlO2 have been synthesized through reactive radio
frequency magnetron sputtering on silicon and glass substrates at substrate temperature 300 0C. Reactive sputtering
of a target fabricated from Cu and Al powder (1:1.5) was performed in Ar+O2 atmosphere. The deposition parameters
were optimized to obtain phase pure, good quality CuAlO2 thin films. The films were characterized by studying
their structural, morphological, optical and electrical properties.
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1. Introduction

In recent years, extensive studies have been carried out on transparent conducting oxide
semiconductor materials of both p- and n-type. It has been found that there are many
oxide materials like ZnO [1-3], CdO [4, 5], SnO2 [6, 7] etc. which can serve as a good n-
type TCO material. Many efforts have been focused on the search for a suitable p-type
transparent conducting oxide (TCO) material for thin film applications. Different materials
like CuO [8, 9], NiO [10, 11] etc. show p-type conductivity but do not have enough
technical advantages either because of low conductivity or for not having sufficiently
large band gap to become transparent in the visible region. CuAlO2 is one of the ideal
p-type materials which can be employed to prepare thin films with excellent technical
ability. Consequently CuAlO2 thin films can be used in various applications such as in
solar cells [12], light emitting diodes, photo transistors etc. Different deposition techniques
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have been employed previously to synthesize CuAlO2 thin film like sol-gel [13], DC
sputtering [14, 15], RF sputtering [16] ion exchange technique [17] etc. A survey of
literature reveals that it requires more than 12000C [18, 19] to prepare CuAlO2, which is
a major obstacle to deposit its film in many substrates like glass, polymer etc. Keeping
this in mind we attempted to prepare CuAlO2 thin film at lower substrate temperature by
reactive RF sputtering. We used RF sputtering technique because this is one of the
most useful ways [20] to prepare uniform and high quality thin film. For the synthesis of
CuAlO2 thin films, Kawazoe et al. [21] and Yanagi et al. [22] used PLD method. However,
there are some limitations of the PLD method such as the necessity of costly equipment
and the difficulty in scaling-up of the technology. Hence, it is of utmost importance to
develop alternative synthesis route of this important material for the full exploitation of its
tremendous technological potential.

2. Experimental procedure

2.1 Target preparation and film synthesis :

Target for sputtering was fabricated by taking a mixture of pure Cu and Al powder in
1:1.5 atomic ratios. The mixture was then placed in a grooved aluminum holder of
diameter 5 cm and pressed into pellet by a hydrostatic pressure of 100 Kg/cm2. The RF
sputtering system consists of a conventional vacuum system, which was evacuated to 5
× 10 -6 mbar by a combination of a rotary and a diffusion pump. During deposition period
of 1 hr the temperature of the substrates were kept fixed at 300 0C and chamber pressure
at 0.1 mbar. The reactive sputtering process was carried out with a RF power of 200 W
and self bias of 250 V. The films were deposited on glass and silicon substrates. The
glass substrates were cleaned first by mild soap solution, then washed thoroughly in
deionized water and also in boiling water; which were further cleaned ultrasonically for
15 minutes in ethanol. The silicon substrates were immersed in 20% HF solution for five
minutes in order to remove the surface oxide layers. Finally, these were washed in
deionized water and cleaned by alcohol in an ultrasonic cleaner. The target was pre-
sputtered for 15 minutes to remove the surface contamination, if any, and then the shutter
was displaced to expose the substrate in the plasma for film deposition.

2.2 Characterization :

X-ray diffraction study (XRD, Bruker, D-8 Advance) was performed for structural
characterization using the CuK� radiation of wavelength ( �  = 1.5406Ao). The surface
morphology of the films was studied by an atomic force microscope (AFM, NT-MDT,
Solver Pro) in contact mode. Film thicknesses were measured from the interference
fringes of the longer wavelength region of the transmittance spectra. The bonding
configuration and the compositional analysis of the films were carried out by X-ray
photoelectron spectroscopy (SPECS, Germany) with a hemispherical analyzer (HSA 3500).
UV-Vis-NIR spectrophotometric measurements were performed by using a
spectrophotometer (Shimadzu UV-3101PC) in the wavelength region of �  = 300 nm to
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900 nm at room temperature. The electrical conductivity was measured by usual four-
probe technique using a Keithley electrometer (model 6514).

3. Results and discussion

3.1. Structural and morphological characterization :

The X-ray diffraction pattern of the deposited film is shown in Figure 1. The appeared
peaks could be assigned with the delafossite structure of CuAlO2. Relatively strong
orientation was observed along (006) planes. The surface morphological investigation of
the film was performed by atomic force microscopic (AFM) study. The AFM image of the
films is shown in Figure 2. The surface has small roughness with an average particle
size of 20 nm. The film thickness was measured by cross-sectional SEM image (not
shown here) and was found to be 100 nm.

3.2 Compositional Analysis :

The bonding configuration and the compositional analysis of the films were carried out
by x-ray photoelectron spectroscopic (XPS) measurements. Typical XPS core level spectra
of Al and Cu of CuAlO2 thin film are shown in Figure 3. The binding energies
corresponding to Al 2p1/2, O 1s and Cu 2p3/2 are 73.2 eV, 532 eV and 933.1 eV,
respectively which are similar to these reported by Aston et al [23].

3.3 Optical characterization :

Transmittance spectrum (shown in Figure 4) of a CuAlO2 thin film deposited on glass
substrate has been used for determining the optical constants of the thin film. The
transmittance of CuAlO2 thin film was found to be more than 70% in the visible region.
The transparency is comparable with the published reports both from our group and also
with others [14, 24]. The value of the optical band gap can be calculated using the
fundamental absorption, which corresponds to electron excitation from the valence band

Figure 1. X-ray diffraction pattern of CuAlO2
thin film.

Figure 2. AFM image of CuAlO2 thin film.
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to conduction band. The absorption coefficient (� ) and the incident photon energy h( )�
are related by the equation [25]

� � � �n

gh A h E
1� � �� 	 (1)

where A is a constant, Eg is the band gap of the material and the exponent n depends
on the type of transition. n = 1/2, 2, 3/2 and 3 correspond to allowed direct, allowed
indirect, forbidden direct and forbidden indirect respectively. Taking n = 1/2, we have

calculated the direct optical band gap from � �h
1 2� �  vs. h�  plot (Figure 5) by extrapolating

the linear portion of the graph to h�  axis. The intercept on the h�  axis determines the
direct band gap. The value of the direct band gap has been found to be 3.95 eV for
CuAlO2. This high band gap is due to quantum confinement effect. For 90 nm particle
size the band gap of CuAlO2 was reported ~3.34 eV [26] while here with 20 nm particle
size the band gap is obtained as 3.94 eV. A detailed study of quantum confinement
effect in band-gap widening for CuAlO2 has been illustrated in our previous report [26].

Figure 4. Transmittance spectrum of a CuAlO2 thin
film.

Figure 5. h 2( )� �  vs. h�  plot of CuAlO2 thin film.

Figure 3. XPS core level spectra of Al and Cu in CuAlO2 thin film.
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3.4 Electrical characterization :

The reactive sputter deposited thin film of CuAlO2 showed p-type conductivity. The room
temperature electrical conductivity of CuAlO2 thin film was found to be 0.15 Scm-1. The
electrical conductivity as obtained in our DC sputtered films  was 0.08 S cm–1 [14], while
highly conducting CuAlO2 has been prepared by solution method by Tonooka et al [18].
Further doping with external element may improve the transport properties significantly
[27]. The cause of p-type conductivity shown by this material is due to metal deficit (or
excess oxygen) within the crystallite sites of the material, i.e. the defect chemistry plays
an important role. This is due to the deviation from the stoichiometric composition of the
components, which can be induced by regulating the preparation condition of the material.
The approximate defect reaction may be represented by the following equation [28, 29]

X
O cu AlO g O V V h3

2( ) 2 4	 	 
� 
 
 
 (2)

where Oo, Vcu, VAl, and h denote the lattice oxygen, Cu vacancy, Al vacancy and hole,
respectively. Superscripts ‘X’, ‘-’ and ‘+’ denote effective neutral, negative and positive
charge states, respectively.

4. Conclusions

We have successfully synthesized CuAlO2 thin film by reactive radio frequency magnetron
sputtering technique. The film of CuAlO2 with excellent crystallinity was prepared by proper
optimization of sputtering parameters. The direct band gap of CuAlO2 thin film was found
to be 3.95 eV and films were having good optical transparency of about 70% in the
visible range. Electrical conductivity of 0.15 S cm -1 was observed in the film.
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