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E Despite earnest, I failed to find interest postgraduate candidates to take up the challenge to perform the ab initio
calculation. The lack of research experience in such kind of first-principles calculations also leads to some technical
difficulties to produce more concrete results.
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F Concerted collaboration between experimentalists with theoreticians should be the way how good physics research
conducted. This ab-initio calculations research project has laid a good start for such kind of collaboration model. It is
recommended to continue the existing research effort so that more quality research results could be produced as a
result of such a collaborative research model.
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G The physical properties of crystalline solid materials are determined by the electronic structure at the atomic scale. This
is a many-body, complex quantum system governed by the Schroedinger equation. DFT is a Nobel-prize winning, well-
established first-principles approach to calculate electronic and other physical properties of crystalline solids. DFT has
made it a practical feasibility to carry out numerical computation to obtain realistic properties of solid state systems. On
the other hand, many works have been done by USM school of Physics solid state experimentalists in Gallium-based
materials (e.g. AIGaN, GaN). We propose to make use of the current DFT software packages to simulate and compute
the electronic, optical, magnetic and other physical properties of those solid state samples from first principles. This
project proposes to check, reproduce, refine, and improve on the DFT results against the Gallium-based materials
fabricated and characterized by our local experimental groups. The long term aim is to build up our local expertise in
DFT research (not limited to only simulating Gallium-based materials) so that we could perform our own DFT
calculations to complement local solid state experimental efforts in the research for other novel materials in the future.
(193 words)
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APPLIED PIPiNICS LLITLRS 94. 241912 (2009)

Surface and interface phonon polaritons of wurtzite GaN thin film
grown on 6H-SIC substrate

S. S. Ngt,a ' T. L. Yoon. Z. Hassan. and H. Abu Hassan
School of Physics. Universiri Sain.5 Maklpia. 1151/)	Pulau Pinang, :Valaysia

tReceised 13 April 2009; accepted 22 May 2009: published online 19 June 2009)

Surface and interface phonon polaritons of wurtzite GaN thin film grown on 611-SiC substrate are
investigated experimentally and theoretically. Two strong absorption peaks that contspond to the
surface and interface phonon Marlton% are clearly observed at 710 and 916 cm- I . respectively.
This observation is in good agreement with the results simulated using an anisotropy model. Finally,
the obtained surface phonon polariton (SPP) mode is compared with the reported result. It is
revealed that the SPP mode in the wurtzite GaN thin film is shitted toward higher frequency as
compared to that in the wurtzite bulk CaN. v 200') American Institute of Physics.
[D01: 10.1063/1.31571301

Gallium nitride (GaN) is a wide band gap 111-V semicon-
ductor. it is an important material for opmelectronic applica-
tions operating in the blue and near ultraviolet wavelength
legion. - 3' For this reason, research activity in this material as
well as its related alloys has experienced explosive growth in
the past few decades,

To date, much of the research devoted to GaN has been
directed toward the understanding of its Brillouin zone cen-
ter optical phonon properties. In contrast, the study of sur-
face phonon polariton {SPPI properties is rarely reported and
has not received sufficient attention. In 1997, D AN ydov a at'
studied the surface and interface phonon polariton IIPPI of
cubic GaN epitaxial layers grown on (0011 GaAs substrates
by using Raman scattering. In 2000, Toni a al,' carried out
investigations on wurtzite bulk GaN by means of attenuated
total reflection (AT12) method. Recently. we reported the SPP
properties of wurtzite AIN. GaiN, and AI,Cia;...,N
thin films grown on sapphire substrates using the APR
method.	 Due to both the superimposed of these films rest-
strahlen bands with that of the sapphire substrate and the
complexity of the optical phonon modes of the sapphire sub-
strate, we were unable to detect any IPP mode from these
measurements. For GaN thin film, the obtained SPP is still a
bulk-like mode due to the penetration depth of the evanes-
cent waves (F1Vs) being comparable to the thickness of the
GaN epila yer. Very recently. Zhang9 deduced the dispersion
relations of the SPP modes in the wurtzite thin film. How-
ever. it was only based on vacuum-film-vacuum stricture.
Besides that, the effects of the substrate on the SPP mode are
not taken into consideration. As a consequence. the funda-
mental properties of SPP and IPP of wurtzite GaN thin film
grown on wurtzite substrate still remain unclear,

In this work, we report on the SPP and IPP of wurtzite
GaN thin film grown on wurtzite 6H-SiC substrate. In order
to investigate the SPP and 1PP, a relatively thin wurtzite GaN
thin film grown on 6H-SiC substrate is used. The other rea-
sons for usitte this structure are that the GaN and 611-SiC
have single optical phonon mode and their reststrahlen le-
gions are well separated. Thus. the SPP and 1PP from this
stricture can be figured out more clearly.

'Author to whom corrasrondunce should he addressed. Electronic rnail:
shashiongie", ahoo.com .

Hydride vapor phase epitaxial growth GaN wafer from
Technologies and Devices International. Inc.. USA. was used
in this study. The GaN epilayer was grown on 611-SIC sub-
strate using a relatively thin AlGaN buffer layer. The wurtz-
ite structure GaN epilayer was unintentionally doped n-type
with carrier concentration of about 3 Tx 10' cm - '. and its
thickness was about 0.34 pm. The full width at half maxi-
mum (FWIIM) of (0002) diffraction plane of the GaN thin
Film is about 259 arcsec, an measured by x-ray diffraction
rocking curves at omega scan mode. The cross sectional
structure of this sample was scanned with field emission
scanning electron microscope (SEM. Leo Supra 50 VP) at an
accelerating potential of 10 kV

Room temperature p-polarized IR AIR measurements
were carried out using a Fourier transform 112 spectrometer
(Spectrum GX FTIR. Perkin-Elmer) and an optional ATR
with gennanium IGO single reflection plate (MIRacle. PIKE
Technologies). The polarized spectra were recorded at a
spectral resolution of 2 cm -i . and the number of scans was
125. Detailed description of the experimental setup is given
elsewhere.'

Figure 1 shows the cross sectional SEMI image of the
GaN thin film grown on 6H-SiC substrate at magnification of
50 000x. It is clearly seen that there is only one single layer
(GaN epilayer) above the 6H-SiC substrate; whereas the

FIG. 1. SE11 crass weuturat in s.ace ui GaN this film grown on
..thgrate incaiurest at magnification of SO 000

0003-051 '2009294 , 24 v241912/31925.00	 94, 241912-1
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