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Abstract
We have deposited the GaN films on Si(0 0 1) substrate using the ZnO buffer layers at room temperature by the radio
frequency (rf) magnetron sputtering method. The ZnO buffer layer thickness affected the structural properties of GaN films.
With a sufficiently thick ZnO layer, we have obtained a c-axis-oriented GaN/ZnO thin film on Si with the XRD full-width at halfmaximum (FWHM) of 0.228 and root-mean-square (RMS) surface roughness of about 22 Å.
# 2004 Elsevier B.V. All rights reserved.
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1. Introduction
The growth and properties of GaN films have been
intensively studied over the last few years due to their
potential applications in optoelectronic devices as well
as in high-power and high temperature electronic
devices [1–5]. However, the production of high quality
GaN is complicated by the lack of a lattice-matched
and industrially usable substrate material. The ZnO
buffer layer may have some potential advantages for
this application, because ZnO has a lattice mismatch
of only 1.8% with GaN [6] and high quality ZnO is
expected to grow on various substrates by the development of technologies.
Although GaN films have been grown by sputtering
[7–12] and ZnO films have been used as a buffer in
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preparing the GaN films [13–20], to our knowledge,
the growth of GaN film on ZnO buffer by the sputtering method has not been reported to date. Since GaN
films grown on silicon (Si) substrate pave the way for
integration of devices with the mature Si integrated
circuits technology, in spite of the large thermal and
lattice mismatch between Si and GaN, we have used a
Si(0 0 1) substrate. In this study, we deposit the GaN
thin film on ZnO/Si(0 0 1) substrates at room temperature by the rf magnetron sputtering method and
investigate the effect of ZnO buffer layer thickness on
the structural properties.

2. Experimental
A schematic diagram of the radio frequency (rf)
sputtering system used in our experiments is previously reported [21]. Before loading into the reactor,
the Si(0 0 1) substrate was cleaned in acetone for
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10 min, HF (20:1) for 1 min and then rinsed in deionized water for 1 min. In this experiment, we have
used a ZnO (99.99% purity) and a GaN (99.99%
purity) target with a diameter and a thickness of 75
and 6 mm, respectively.
The sputtering was carried out at room temperature
in a 30 sccm Ar (99.99% purity) gas flow by supplying
a 13.56 MHz rf power. The distance between target
and substrate was about 80 mm. The ZnO films as a
buffer layer were grown on Si(1 0 0) substrates at an rf
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power of 100 W and a pressure of 5.0  102 Torr and
deposition was carried out for 30–90 min. When the
deposition times were 30, 60, and 90 min, respectively, the thicknesses of deposited ZnO films were
measured to be 20, 60, and 300 nm. Subsequently, the
GaN films were grown at an rf power of 50 W and a
pressure of 5.0  102 Torr for 30 min.
The structural properties of the films were analyzed
by X-ray diffraction (XRD, X’pert MRD-Philips)
using Cu Ka1 radiation (l ¼ 0.154056 nm), scanning

Fig. 1. AFM topographies of (a–c) GaN film surfaces and (d–f) ZnO buffer layer surfaces. The thicknesses of ZnO buffer layers are: (a, d)
20 nm; (b, e) 60 nm; and (c, f) 300 nm.
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Fig. 1. (Continued ).

electron microscopy (SEM, Hitachi S-4200), and
atomic force microscopy (AFM, Nanoscope III, Digital Instruments) with a scan size of 5 mm  5 mm.

3. Results and discussion
Fig. 1a–c shows the AFM topographies of GaN film
surfaces, respectively, with ZnO buffer layer thicknesses of 20, 60, and 300 nm. The root-mean-square

(RMS) surface roughnesses of the GaN surfaces are
measured to be about 7.0, 9.4, and 22.2 Å, respectively, with the ZnO buffer layer thicknesses of 20, 60,
and 300 nm. Fig. 1d–f shows the AFM topographies of
ZnO buffer layer surfaces prior to depositing the GaN
layers, respectively, with ZnO thicknesses of 20, 60,
and 300 nm. The RMS surface roughnesses of the ZnO
surfaces are measured to be about 1.6, 10.0, and
25.1 Å, respectively, with the ZnO thicknesses of
20, 60, and 300 nm. Fig. 2 reveals that the RMS
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Fig. 2. AFM RMS surface roughness of GaN layer and ZnO buffer
layer surfaces by varying the ZnO buffer layer thickness.

surface roughnesses of both GaN and ZnO surfaces
increase with increasing the thickness of the underlying ZnO buffer layers. In addition, the RMS surface
roughness of the GaN and ZnO surfaces are similar
(within a 12% difference) especially at ZnO thicknesses of 60–300 nm, indicating that the surface
roughness of GaN surface may be related to that of
the ZnO surface.
Fig. 3 shows the plain-view SEM images of GaN
thin film, with the ZnO thickness ranging from 20 to
300 nm. The average grain sizes on top of GaN
surfaces with ZnO thicknesses of 60 and 300 nm,
respectively, are estimated to be about 48 and
56 nm using the linear intercept method [22], indicating that the grain size on top of the GaN film slightly
increases with increasing the ZnO thickness in the
range of 60–300 nm. It is noteworthy that some larger
grains with an average diameter of about 100 nm are
clearly observed on the surface of GaN film when the
ZnO buffer layer thickness is 300 nm. Since the larger
grain size may induce the rougher surface, the SEM
images agree with AFM measurement.
Fig. 4 shows a typical cross-sectional SEM image of
GaN film when the ZnO thickness is 60 nm. The GaN
film consists of columnar-structured grains, possibly
representing the oriented grains. In addition, the average diameter of the columnar grains is about 30–
60 nm, almost agreeing with the plain-view SEM
images. Fig. 5 shows the y–2y XRD patterns of the
GaN/ZnO/Si structure, with the Si(0 0 2) peak eliminated for clarity. The y–2y scan data with the ZnO

Fig. 3. Plain-view SEM images of GaN film with the ZnO buffer
layer thickness of: (a) 20 nm; (b) 60 nm; and (c) 300 nm.

thickness of 20 nm indicate that the film is surmised to
be an amorphous phase due to the absence of a strong
diffraction peak. The y–2y scan data with the ZnO
thickness of 60–300 nm exhibit a noticeable (0 0 2)
peak of ZnO and GaN with the hexagonal structure.
The GaN(0 0 2) peak is usually overlaid on
ZnO(0 0 2) peak due to the close lattice mismatch
[14,18,19]. Since the relative intensity of the (0 0 2)
diffraction peak is significantly strong compared to the
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Accordingly, thicker ZnO buffer layer results in the
rougher GaN surface. Although the detailed mechanism on the correlation of c-axis orientation and surface
roughness is still under investigation, we reveal that
the surface roughness and crystallinity of GaN film
can be controlled by varying the ZnO buffer layer
thickness.

4. Conclusion

Fig. 4. Cross-sectional SEM image of GaN film when the ZnO
buffer layer thickness is 60 nm.
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neighboring (1 0 1) peak and other almost invisible
peaks, we surmise that the c-axis oriented GaN/ZnO
films with a few (1 0 1) normal planes are obtained
with the thick ZnO buffer layer of 60–300 nm. XRD
patterns also indicate that the intensity of the (0 0 2)
diffraction peak becomes stronger with increasing the
ZnO buffer layer thickness. When the ZnO thickness is
300 nm, the full-width at half-maximum (FWHM) of
(0 0 2) diffraction peaks is about 0.228.
In the present work, thicker ZnO buffer layer
induces the rougher ZnO surface. We surmise that
the GaN grains grow conformally with the underlying
ZnO grains, because GaN has the same crystal structure as ZnO with almost the same lattice constant.

We have successfully prepared the GaN films on
ZnO/Si(0 0 1) substrates at room temperature by the rf
magnetron sputtering. AFM and XRD, respectively,
reveal that the RMS surface roughness and c-axis
orientation of GaN layer increase with increasing
the thickness of the underlying ZnO buffer layer.
By employing a 300 nm–thick ZnO buffer layer, we
have obtained the GaN/ZnO/Si film structure with the
XRD FWHM of 0.228 and RMS surface roughness of
22.2 Å. The first preparation of GaN film on ZnO/Si
structure using the sputtering technique at a low
temperature will shed light on their potential applications.
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Fig. 5. XRD patterns of the GaN thin film deposited on ZnO/Si,
with the ZnO buffer layer thicknesses of: (a) 20 nm; (b) 60 nm; and
(c) 300 nm.
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