Room temperature preparation of c axis
oriented ZnO  lms on Si(100), SiO , and
2
ZnO substrates by rf magnetron sputtering
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Growth of ZnO thin  lms with c axis (002) orientation
has been demonstrated at room temperature on
Si(100), SiO2 , and amorphous ZnO substrates by the
rf magnetron sputtering method. T he structural properties of the ZnO thin  lms were investigated with
varying rf power. X-ray diVraction analysis revealed
that increasing rf power helped to increase the c axis
lattice constant and grain size, regardless of substrate
material. Scanning electron microscopy indicated that
the structural morphology of the ZnO  lms was not
dependent on the substrate material.
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INTRODUCTION
II–VI semiconductors are attractive for their potential in
acoustic, electronic, and optical applications such as surface
acoustic wave, acousto-optic, piezo-optic, piezoelectric, and
photoelectric devices, and in particular in voltage photophosphorescent devices.1 Zinc oxide ceramic ZnO, a direct
bandgap II–VI semiconductor, is a novel photonic material.
Unique properties of ZnO are a direct bandgap of 3·37 eV
at room temperature, large bond strength with large exciton
binding energy (E =60 meV), and a high melting temperb
ature of 2248 K. ZnO therefore has potential for use in
optical applications such as ultraviolet lasers, blue light
emitting diodes, and phosphorescent displays.
Self-textured ZnO  lms can be synthesised on any semiconductor substrate.2–5 Various techniques being used to
grow ZnO  lms include sputtering,6–8 sol–gel processing,9,10
spray pyrolysis,11,12 pulsed laser deposition,13–16 metal–
organic chemical vapour deposition (MOCVD),17,18 and
molecular beam epitaxy (MBE).19,20 Most of the literature
on the subject of thin  lm ZnO has described deposition
temperatures in the range 200–500°C. The growth of ZnO
thin  lms at very low temperatures, such as room temperature, is very important not only to minimise the thermal
budget in the fabrication process and to reduce dopant
diVusion and interface broadening, but also to reduce
unwanted thermal stress. However,  lms deposited at
temperatures lower than 200°C have shown little if any
crystallographic structure,21 and a study on the improvement of the structural qualities of ZnO thin  lms is necessary. Although some researchers have grown ZnO  lms at
very low temperatures such as room temperature,22–25 the
eVects of substrate material on the structural characteristics
of ZnO thin  lms have not been suYciently investigated.
DOI 10.1179/096797804225012657

High quality ZnO  lms deposited on Si substrates pave
the way for integration of devices with advanced Si integrated circuit technology. Also, SiO substrates have obvi2
ous technological advantages and potential applications.26
Although some researchers have reported on the possibility
of homoepitaxial ZnO growth,27,28 reports on the eVects of
amorphous ZnO substrates are rare.
In the present work, ZnO thin  lms were deposited on
various substrates such as Si(001), SiO , and amorphous
2
ZnO at room temperature using an rf magnetron sputtering
technique, and the eVects of rf power on the structural
properties of the  lms were studied. Since the growth rate
increases with increasing rf power, in order to investigate
the genuine eVect of rf power the thickness of the sputtered
ZnO layer was  xed. The structural properties of the ZnO
 lms were studied using X-ray diVraction and scanning
electron microscopy.

EXPERIMENTAL PROCEDURES
A schematic description of the rf sputtering system is
provided elsewhere.29 ZnO  lms were deposited by an rf
magnetron sputtering system using a ZnO (99·99% purity)
target with diameter and thickness of 75 and 6 mm respectively. Sputtering was carried out in a 30 smL Ar (99·99%
purity) gas atmosphere at 80–250 W rf power. The magnetron was capacitively powered at 13·56 MHz rf. ZnO thin
 lms were sputtered on Si(100), SiO , and amorphous ZnO
2
substrates.
The Si substrate was p type silicon with (100) orientation
and 1–30 V cm resistivity. The Si substrate was cleaned in
acetone for 10 min, HF (20:1) for 10 s, and then rinsed in
deionised water for 1 min before loading into the sputtering
system. The SiO substrate was produced by thermally
growing a 60 nm 2SiO layer on the Si( 100) substrate. The
2
ZnO substrate was subsequently made by depositing a
100 nm ZnO  lm on the SiO substrate by MOCVD, using
2
diethyl zinc Zn (C H ) (99·9999% purity) and O gas
2
5
2
(99·999% purity) as source gases at a temperature of 225°C.
The MOCVD system used has been described elsewhere.30
The SEM image and the XRD diVraction pattern of the
ZnO thin  lm used as substrate indicate that an amorphous
ZnO  lm was formed (not shown). Before loading into the
reactor, the SiO and ZnO substrates were cleaned in acetone
2
for 10 min and then
rinsed in deionised water for 1 min.
The chamber pressure was reduced to 6×10Õ 6 torr
(8× 10Õ 6 mbar) using a turbomolecular pump before introducing the Ar sputtering gas. The substrate temperature
was monitored using a thermocouple attached near the
substrate. The ZnO  lm was grown at room temperature
at a pressure of 5·0× 10Õ 2 torr. The physical structure of
the  lms (crystalline structure and microstructure) was
analysed by XRD using Cu K radiation (l=0·154056 nm)
a1
and SEM (Hitachi S-4200).

RESULTS AND DISCUSSION
In order to reveal the eVect of rf power, excluding the  lm
thickness eVect,  lm thickness was set at about 400–600 nm.
The dependence of  lm growth rate on rf power is shown
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Dependence of ZnO  lm growth rate on rf power and
substrate material

Relative intensity of ZnO  lms deposited on given
substrates as function of rf power

in Fig. 1, indicating that the growth rate is almost linearly
proportional to rf power, regardless of substrate material.
For the whole range of deposition parameters used in this
experiment, the XRD of all ZnO thin  lms showed c axis
orientation, exhibiting only the (002) and (004) diVraction
peaks (not shown). The h–2h scan data of ZnO  lms exhibit

4

Variation of c axis lattice constant of ZnO  lms deposited
on given substrates as function of rf power

5

Full width at half maximum of ZnO  lms deposited on
given substrates as function of rf power

strong 2h peaks at 34·53°, corresponding to the (002) peaks
of ZnO. Since the c axis (002) diVraction peaks were
distinguishable in the ZnO  lms, it is surmised that c axis
oriented ZnO  lm is obtained regardless of substrate
material. Figure 2 shows the relative intensity of ZnO  lms
deposited on various substrates with (002) orientation, as
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XRD peak angles of ZnO  lms deposited on given
substrates as function of rf power
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Mean grain size of ZnO  lms deposited on given
substrates as function of rf power: grain size calculated
using Scherrer formula
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Plain view SEM images of ZnO thin  lms deposited on a,b Si(100), c,d SiO , e,f amorphous ZnO substrates at room
2
temperature, at rf powers of 100 W (a,c,e) and 250 W (b,d,f )

a function of rf power ranging from 80 to 250 W, indicating
that relative intensity increases with decreasing rf power.
Figure 3 shows the XRD peak angles of ZnO  lm deposited
on various substrates with the (002) orientation, as a
function of rf power ranging from 80 to 250 W, revealing
that the (002) XRD peak angles of ZnO  lms decrease with
increasing rf power. The c axis lattice constant is calculated
using the Bragg equation and shown in Fig. 4, revealing a
constant increase with increasing rf power. Since the XRD
angle (2h) and the c axis lattice parameter of the bulk ZnO
are 34·44° and 0·5204 nm respectively, compressive stress in
the c axis direction exists within the ZnO thin  lm deposited
at room temperature. It is not clear why reducing rf power
increases the compressive stress in the c axis direction and
thus reduces the c axis lattice constant in these experiments.
Further systematic study is under way to explain the
observed phenomena.
Figure 5 shows the full width at half maximum (FWHM )
of ZnO  lms deposited on various substrates with (002)
orientation, as a function of rf power ranging from 80 to
250 W. The values of FWHM for the (002) diVraction peaks
of ZnO  lms deposited on amorphous ZnO layers at 80,
100, 150, and 250 W are 0·293, 0·278, 0·264, and 0·207°
respectively. FWHM decreases with increasing rf power,
regardless of substrate material. To evaluate the mean grain
size D of  lms on the basis of the XRD results, the Scherrer

formula D=0·9l/B cos h was applied,31 where l, B, h are
Ã ), the FWHM of the ZnO
X-ray wavelength (1·54056 A
(002) diVraction peak, and the Bragg diVraction angle,
respectively. By this calculation, the mean grain sizes of the
ZnO  lms deposited on the amorphous ZnO layers are
found to be 28·4, 29·0, 31·5, and 40·2 nm at 80, 100, 150,
and 250 W respectively. The calculated mean grain sizes of
the ZnO  lms are plotted in Fig. 6, revealing that the mean
grain size increases with increasing rf power, regardless of
substrate material. Thus it is surmised that the increase in
c axis lattice constant with increasing rf power is due to
increasing grain size in the c axis direction.
Figure 7 shows plain view SEM images of ZnO thin  lms
deposited at room temperature, at rf powers of 100 and
250 W. The images indicate a slight increase in the grain
size on top of the ZnO  lm with increasing rf power from
100 to 250 W. Since the substrate temperature during
sputtering at rf powers of 80, 100, 150, and 250 W is
calculated to be 33, 40, 55, and 76°C, respectively, it is
surmised that the temperature elevation at higher rf power
helps to produce the slightly larger grain structure. It is
noteworthy that the grain size on top of the ZnO  lm is
not much dependent on substrate material. Figure 8 shows
cross-sectional SEM images of ZnO  lms deposited at room
temperature at an rf power of 150 W, revealing that the
lower part of the  lms consists of cloudy small grained
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grain morphology do not depend on substrate material. It
is believed that this approach to investigating the very low
temperature growth of ZnO  lms on various substrate
materials is a step towards the eYcient production of
ZnO devices.
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