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Room temperature growth of high quality ZnO thin film on sapphire

substrates
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Zinc oxide (ZnO) is a versatile material for many ap-
plications due to its structural, electrical, and optical
properties [1]. The ZnO films have been grown by var-
ious deposition methods, such as sputtering [2, 3], sol-
gel process [4], spray pyrolysis [5, 6], chemical vapor
deposition (CVD) [7, 8], and molecular beam epitaxy
(MBE) [9–11]. Among them, the best technique is the
sputtering method due to its simplicity and the possi-
bility of obtaining good orientation and uniform films
even at low deposition temperature. We have grown
ZnO film on sapphire substrate at room temperature
using the RF magnetron sputtering system. Since the
most essential process is the collision of metal atoms
and reactive gas molecules on the substrate, we have
varied the RF power for changing the collision energy
and obtaining the high quality film. Although many
researchers have studied on ZnO films, there are rare
reports on growing the highly crystalline ZnO thin films
at room temperature.

The ZnO film was deposited on sapphire (001) sub-
strates. Before loading into the reactor, the substrate
was cleaned in acetone for 10 min then rinsed by de-
ionized water for one minute. In this experiment, we
have used a ZnO (99.99% purity) target with a diam-
eter and a thickness of 75 and 6 mm, respectively. A
schematic diagram of the RF sputtering system used in
our experiments is previously reported [12]. RF sput-
tering was carried out in an Ar (99.99% purity) gas
atmosphere by supplying RF power of 80–250 W at a
frequency of 13.56 MHz. The flow rate of the Ar gas
was set to 30 sccm. The distance between target and
substrate was about 80 mm. The ZnO film was grown
at room temperature at a pressure of 5.0 × 10−2 Torr.
Before deposition, the pressure of the RF sputtering
system was about 6 × 10−6 Torr. The structural char-
acteristics of the films were analyzed by X-ray diffrac-
tion (XRD) using Cu Ka1 radiation (λ = 0.154056 nm)
and by scanning electron microscopy (SEM) (Hitachi
S-4200).

Fig. 1 shows XRD patterns of ZnO thin films de-
posited on sapphire substrates at 25 ◦C with an RF
power ranging from 80–250 W. Especially, the θ -2θ

scan data of ZnO films with the RF powers of 150–
200 W exhibit a strong 2θ peaks at 34.438 ◦, corre-
sponding to the (002) peaks of ZnO. The XRD data
of the films grown with the RF powers of 150–200 W
indicate that the strong (002) peak is observed and the
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other peaks are not observed, revealing the high de-
gree of c-axis orientation. Also, the XRD patterns of
the ZnO film indicates that full-width at half-maximum
(FWHM) of the (002) diffraction peak is about 0.26 ◦
at an RF power of 150 W.

Fig. 2 shows the cross-sectional and plain-view (in-
set) SEM image of ZnO thin films grown at 25 ◦C
with an RF power ranging from 80–250 W. In order
to exclude the thickness effect, we have fixed the thick-
ness of ZnO layers to be about 500–600 nm. When
the RF power is 250 W, the ZnO film structure con-
sists of many grains with random orientation. When
the RF power decreases from 250 to 150 W, the grain
structure looks more columnar. We surmise that the ran-
domly oriented grain structures changes to the colum-
nar grain structures with decreasing the RF power from
250 to 150 W. The SEM images agree with XRD data.
At much lower powers of 80–100 W, the films have
been exfoliated from the substrates during growth. We
surmise that excessive RF power induces the faster re-
action rate and possibly the severe surface damage,
resulting in the poor crystalline quality. However, too
small RF power may contribute to the over-growing of
c-axis oriented grains and thus the larger lattice mis-
match between the film and substrate may cause the
strain relaxation, resulting in the film decohesion. Since
we cannot understand the detailed mechanism at this
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Figure 1 XRD patterns of ZnO thin films on sapphire substrates with
growth temperature of 25 ◦C and RF powers of 80–250 W.
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Figure 2 SEM images of ZnO film grown at 25 ◦C with the RF power
of (a) 80 W, (b) 150 W, and (c) 250 W.

moment, further study is underway to understand this
observation.

In conclusion, we demonstrate the growth of ZnO
thin film on sapphire substrate at 25 ◦C, using the RF
magnetron sputtering system. XRD and SEM coinci-
dentally reveal that the growth of c-axis-oriented and
highly crystalline ZnO thin film is achievable even at
room temperature by using the RF sputtering method.
This result will be useful for increasing the potential ap-
plication of ZnO film on electronic and optoelectronic
devices.
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