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Abstract
Ga doped ZnO thin films were deposited with various base pressure by RF magnetron sputtering, and their structural,
optical, and electrical properties were studied. Effects of base pressure on the properties of Ga doped ZnO thin films
were confirmed and a high quality thin film was obtained by controlling the base pressure. In our case, as the base
pressure decreases, the crystal quality is improved, the surface roughness is increased, the sheet resistance is decreased
and the figure of merit is increased. According to X-ray diffraction results, the decrease of sheet resistance is caused
by increasing the grain size. The transmittance in visible region (400~800 nm) had 85~87%. Therefore, the base
pressure is a key parameter for obtaining high quality film.
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I. Introduction

II. Experimental procedure

As the IT industry develops rapidly, the transparent
conductive oxides (TCOs) has been increasing interest.
TCOs is an essential element for optoelectronic devices
such as solar cells, light emitting diodes, and organic light
emitting diodes [1-3]. In general, Indium tin oxide (ITOs)
are widely used as TCOs due to its low resistivity and high
visible transmittance. However, the toxicity and high cost
of the indium in the ITO lead to the demand for new
TCOs. Zinc oxide (ZnO) system doped Group III metal
elements (Al, In and Ga) has many attentions to TCOs [46]. In especial, Ga doped ZnO (GZO) is a promising
candidate due to several advantages such as less reactive
and more resistant to oxidation than Al [7]. Many methods
have been used to deposit GZO films, such as RF
magnetron sputtering, pulsed laser deposition, atomic layer
deposition [8-10]. From these deposition methods, RF
magnetron sputtering has been investigated due to the
many advantages such as low substrate temperature and
large scale deposition [11-13]. In this study, GZO thin
films were deposited by the RF magnetron sputtering with
base pressure. We reported the structural, electrical, and
optical properties of GZO thin films.

GZO films were prepared on corning 1737 glass
substrates in RF magnetron sputtering using a ZnO : Ga
(97 : 3 wt%) ceramic target at room temperature. The glass
substrates were cleaned with acetone, methanol, and
deionized water. The base pressure of the chamber was
evacuated by rotary pump and turbo molecular pump and
maintained at a pressure to 2.5 × 10−6, 6.5 × 10−6, and
10.5 × 10−6 mbar by using the throttle gate valve. Then,
high purity Ar (40 sccm) was introduced. At the fixed
sputtering power of 25 W, the GZO films were deposited
at sputtering pressure of 8 × 10−3 mbar by throttle valves.
GZO films with about same thickness of 200 nm were
deposited by controlling sputtering time. Also, the
sputtering was carried out in 65% of relative humidity. The
deposition conditions for GZO thin film are summarized in
Table I.
The structural properties of GZO thin films were
Table I. Sputtering conditions of GZO thin films.
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Parameters

Conditions

Target
Substrate
Base Pressure [mbar]
Working Pressure [mbar]
RF power [W]
Ar : O2 [sccm]
Depo. Temperature
Film Thickness [nm]

ZnO:Ga (97:3)
Glass (corning 1737)
(2.5, 6.5, 10.5) × 10−6
8 × 10−3
25
50
RT
200
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measured by X-ray diffraction (XRD) analysis. The surface
morphology was analyzed by atomic force microscope
(AFM). 4-point probe was used for sheet resistance of
films. The optical properties were measured by UV/VIS/
NIR spectrophotometer for transmittance of GZO thin
films.

III. Results and discussions
Figure 1 shows XRD patterns of GZO thin films with
various base pressures. All GZO thin films show an only
strong peak at 34.5o which is related to the ZnO (0002)
plane, indicating direction of the c-axis perpendicular to the
surface. The peak intensity and full width at half maximum
(FWHM) of the (002) peaks for GZO films vary depending
on the base pressure. With decreasing the background
pressure from 10.5 × 10−6 to 2.5 × 10−6 mbar, the peak
intensity increases from 5221 to 8935 and FWHM
decreases from 0.4° to 0.34°. These results suggest that the
low base pressure leads to a high preferred orientation (c
plane) and a high crystallinity of GZO thin films due to the
decrease of residual impurity in the chamber. In general,
residual impurity such as nitrogen and oxygen is in the
chamber and interrupt the crystal growth. Therefore, the
low residual impurity at 2.5 × 10−6 mbar reduces the
interruption of the GZO crystal growth, resulting in
improving the crystal quality [14]. We calculated the grain
size using Scherrer’s formula [15]:

0.9λ
D=
Bcosθ
where λ is the X-ray wavelength (1.5406 Å), B is the
FWHM and θ is the Bragg diffraction angle. The grain size
of GZO thin films increases from 21 to 25 nm with
decreasing the base pressure. From XRD results, we find
that the base pressure affects the crystal quality and the
microstructures of GZO thin films.
Figure 2 is AFM 3D images of GZO thin films with
various base pressure. The image scale is 3 μm × 3 μm.
The surface morphology of all films shows a continuous
and dense hill-like surface. As the base pressure decreases
from 10.5 × 10−6 to 2.5 × 10−6 mbar, the RMS roughness
increases from 1.83 to 2.08 nm. According to the results of
XRD and AFM, this phenomenon is attributed to improve
the crystal growth due to the reduction of residual impurity
[16]. It is found that the RMS roughness is dependent on
base pressure.
Figure 3 displays the sheet resistance (Rs) of GZO thin
films with various base pressure. The sheet resistance
varies depending on the base pressure. With decreasing the
background pressure from 10.5 × 10−6 to 2.5 × 10 ×−6 mbar,
the sheet resistance decreases from 290 to 10 Ω/□. The
result of sheet resistance agrees with the result of XRD.
That is, the decrease of sheet resistance is ascribed to the
increase of grain size. Igasaki reported that the increase of
www.e-asct.org//DOI:10.5757/ASCT.2019.28.1.13

Figure 1. XRD patterns of GZO thin films with various base
pressures.

Figure 2. AFM 3D images of GZO thin films with various base
pressures.

Figure 3. Sheet resistance of GZO thin films with various base
pressures.

grain size decreases the residual impurity absorption due to
the reduction of grain boundary, resulting in the decrease of
sheet resistance [17]. Also, low base pressure minimizes
the quantity of residual impurity. It is shown that the lowest
sheet resistance is obtained at a base pressure of 2.5 × 10−
6
mbar.
Figure 4 shows the transmittance spectra of GZO thin
films with various base pressure. The average transmittances
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derived. As the base pressure decreases, the FOM linearly
increases, indicating that the performance of GZO film is
improved. At a base pressure of 2.5 × 10−6 mbar, the
highest FOM of 2.3 × 10−2 Ω-1□ is obtained. In our case,
the FOM was strongly dependent on sheet resistance
because the change of FOM shows the same trend with
that of sheet resistance.

IV. Conclusion

Figure 4. Transmittance spectra of GZO thin films with
various base pressures.

In this study, the GZO thin films deposited by RF
magnetron sputtering and investigated the structural,
electrical, and optical properties of GZO thin films with
various base pressure. As the base pressure decreases, the
crystal quality and sheet resistance is improved. These
results are attributed to the reduction of residual impurity.
We conclude that the low base pressure plays an important
role for obtaining high quality film.
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Figure 5. FOM of GZO thin films with various base pressures.

(Ta) of GZO films in visible area (400~800 nm) are good
values of 85~87% but is the independence on base
pressure. Also, the light absorption edges around 380 nm is
observed and a blue shift of the absorption edge occurs
with decreasing the base pressure, indicating that the band
gap is increased. This band gap widening is due to
Burstein-Moss effect, since the conduction band becomes
significantly filled at high doping concentration and the
lowest energy states are blocked which is responsible for
the increase in the band gap of the films [18].
Figure 5 represents the figure of merit (FOM) of GZO
thin films with various base pressure. The FOM is
calculated by Haacke’s formula [19]:
10

Ta
Φ = -------Rs

where Ta is the average transmittance in the visible range
and Rs is the sheet resistance of the film. Using by this
formula, the total properties of transparent electrode is
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