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Abstract – A transparent p-type thin film CuGaO2 was successfully deposited on the glass substrate
by using RF sputtering deposition method and underwent different annealing temperature ranging from
200°C to 500°C and time ranging from 1 to 3 hour. The X-ray diffraction analysis shows (015) plane.
The bandgap of the thin film is 3.3eV. The transparency of the thin film is around 70%. Copyright ©
2015 Penerbit Akademia Baru - All rights reserved.
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1.0 INTRODUCTION
In realizing a transparent p-n junction devices such as diode [1], transistor [2], UV
photodetector [3] and near-UV photodetector [4] many studies have been made to find and
optimize a material that shows both transparent and electrical conductivity. But many of the
studies that have been done are primarily about n-type transparent semiconductor such as ZnO
[2], SnO2 [5], In2O3 [6] and there only a few studies have been made on the p-type transparent
semiconductor. Until today there are several p-type TCO belong to delafosite such as CuAlO2
[7], CuGaO2 [8] and CuInO2 [9] structure have been made and studied to improve their
performance. Research done by A.Sivasankar [7] shows that the crystallinity of CuAlO2 thin
film is increase by increasing substrate temperature. The thin film properties is depending on
the deposition condition and technique. This study has been made to study the effect of different
annealing temperature and annealing duration on the CuGaO2 thin film on glass substrate by
using RF method.
2.0 METHODOLOGY
The CuGaO2 target disk with 99.99% purity is purchased from Stanford Material Corporation,
plastic (PET), glass, distilled water, ethanol and acetone. The substrate from glass was cleaned
for 3 minutes using distilled water, ethanol, acetone and distilled water in ultrasonic bath. The
sample was dried by using nitrogen gas. The chamber was pumped until 2.5 × 10-5 Torr and
the target were pre-sputtered for 10 minutes. The RF power was set to 100W and Argon gas
flow was set to 10 sccm. The working pressure was 2.5 × 10-3 Torr and substrate rotation is 5
rpm. The CuGaO2 thin film is deposited onto glass substrate at different substrate temperature
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which is 50-250°C. The samples that are heated at 250°C during deposition is annealed at
different temperature ranging from 200°C to 500°C at different time ranging from 1 to 3 hour.
Structural, optical properties and thickness of the films will be characterized using X-Ray
Diffraction Philips Expert Pro and UV-Vis Spectrometer Lambda EZ210 and LS500
profilimeter, respectively.
3.0 RESULTS AND DISCUSSION
Figure 1 shows the XRD pattern for CuGaO2 thin film deposited on glass substrate at 30
minutes at different substrate temperature. All the samples have thickness 300± nm. From the
graph we can observe that there is no peak that related to the CuGaO2 thin film and this is
probably because the CuGaO2 thin film is still amorphous state.

Figure 1: XRD pattern for CuGaO2 deposited at different substrate temperature.
Figure 2 shows the XRD pattern for CuGaO2 thin film at different annealing temperature
ranging from 200°C, 300°C, 400°C, and 500°C. Because the glass melting point is around
550°C we limit the temperature for annealing at 500°C. All samples are deposited at 250°C
substrate temperature and are annealed for 3 hours. For thin film annealed at 200°C there is no
peak probably at this temperature the thin films is still in amorphous state because there is not
enough thermal energy for the thin film to become crystalline. For the thin film annealed at
300°C, CuGaO2 (015) peak is detected at 44°. The intensity of the CuGaO2 (015) peak is
increasing with increasing annealing temperature. This suggests that with increasing annealing
temperature, the CuGaO2 atom has enough thermal energy for the atom to arrange to form
better crystalline. No other peak of CuGaO2 is observed.
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Figure 2: XRD pattern for CuGaO2 annealed at different temperature
Figure 3 shows the XRD pattern for CuGaO2 thin film annealing at 500°C at different time for
1, 2 and 3 hours. We chose 500°C because at this temperature the crsytalinity of the CuGaO2
is much better than the lower temperature. All samples are deposited with CuGaO2 thin film
at 250°C substrate temperature. From the graph we can observe that the CuGaO2 (015) peak
is increasing with increasing annealing duration. This shows that with increasing time the
atoms of the CuGaO2 thin film have enough energy to arrange and to form a better crystalinity.
At 3 hour annealing time, the intensity of the XRD peak is maintain and probably because
crystal structure of the thin film is already fixed in better arrangement.

Figure 3: XRD pattern for CuGaO2 annealed at different annealing time
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The average grain size is determined L, is calculated by using Scherrer’s equation [10]:

݀=

.ଽఒ
ఉ௦ఏ

(1)

where d represents the average grain size, ߣ is the wavelength of incident X-ray, β is the peak’s
FWHM and θ is the Bragg angle. Figure 4 shows the variation of different grain size. The grain
size is increasing with increasing annealing temperature from 0.13nm to 0.53nm.

Figure 4: Grain sizes of CuGaO2 thin film for different substrate temperature
Figure 5 shows optical transmittance spectrum against wavelength for thin film annealed at
500°C for 3 hour. The transmittance of the samples that is annealed at temperature of 200°C,
300°C and 400°C is almost the same for wavelength range from 300 to 700nm. The
transmittance for these samples approximately more than 75%. The transmittance of sample
that is annealed at 500°C is slightly lower which is for a wavelength range from 400 to 500nm
and 600 to 800nm.
To further study the optical properties, we evaluated the optical band gap (Eg) of the annealed
film. The optical absorption coefficient (α) of the films can be calculated using the following
equation [11]:

1 1
 n T

α =   ln

(2)

where d is the film thickness and T is the transmittance of the film. The relation between optical
absorption coefficient (α) and optical band gap (Eg) can be written as
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where A is the absorption edge width parameter and hv represent the incident photon energy.
The exponential n is ½ or 2 for direct allowed transition (Egd) or indirect allowed transition.
The insert in Figure 5 shows estimation band gap for the CuGaO2 thin film determined by the
extrapolation of the linear part of the curve (αhv)2 against hv graph. The estimated bandgap for
CuGaO2 is around 3.3eV which is compatible with research done by Hiroshi Yanagi [12].

Figure 5: Optical transmittance spectrum of CuGaO2 thin film annealed at 500°C for 3 hour
(insert show determining of direct bandgap)
4.0 CONCLUSSION
In this research we have successfully deposit CuGaO2 thin film on glass substrate by using RF
puttering deposition method in a controlled Argon atmosphere. The crystalinity of the thin film
is increase with increasing annealing temperature and annealing duration. We annealing at
500°C because at higher temperature the glass substrate start to deformed. The optical
transmittance is almost the same for each sample which is more than 70% .The thin film show
direct optical band gap of 3.3eV for thin film annealed at 500°C for 3 hours.
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