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National Changhua University of Education

OFFICE OF THE PRESIDENT
PAISA VILLAGE, CHANGHUA 500
TAIWAN, R. O.C.
TEL: 886-4-723-2110
FAX: 886-4-726-2739

E-mail: prdnt@cc.ncue.cdu.tw

Dear Dr. Sha Shiong Ng,

In order to enhance the international mobility and competiveness of the university’s faculty and
students, National Changhua University of Education(NCUE) is committed to promoting
internationalization through reinforcing and implementing international academic exchanges.
Beyond that, NCUE continually hosts intérnational academic activities and conferences, sends
students and faculties for exchange, and signs collaboration agreements with worldwide famous
universities, such as Tohoku University and Nigata University in Japan, California State University,
Fresno, University of California, Berkeley and University of Wisconsin-Madison in US, among others.
Various international activities take place all year round at NCUE. |

We would like to invite you to visit our research laboratories in our school from 14 Nov. 2014 to
12 Jan. 2015. During your invited visit, we hope to develop research collaboration on nitride thin
film growth and optical characterization. In the mean time, we would like to invite you to discuss
about the future collaboration between Universiti Sains Malaysia and National Changhua University
of Education. it would be our great honor if you can come to National Changhau University of

Education.

Yours Sincerely,

Acting  prrecest "60\ ~Hw H‘”?f

Dr. Shenghui Cindy Huang, Ph.D.

Dean of Office of International and Cross-strait Affairs

National Changhua University of Education
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ONE DAY COURSE ON
NANOMATERIALS
CHARACTERIZATION TECHNIQUES:
' FUNDAMENTAL AND APPLICATIONS.

Come and join us for a comprehensive one day course on
nanomaterials characterization techniques at University of
Malaya organized by Nanomaterials Engineering Research
Group. The one day program inc"l’udes talk the experts from the
University of Malaya followed by UV-Vis Spectroscopy, Micro
Raman Spectroscopy, Fourier Transform Infrared Spectroscopy,
and HR-TEM demonstration session in the afternoon.

“List of Speakers:

Prof, Dr.’Wan Haliza Binti Abd Majid
Physics:Department, Faculty of
Science, University Malaya.

Prof. Dr. Saifollah Abduliah
‘Faculty of Applied Science,
Universiti: Teknologi MARA

Prof. Madya Dr Mohd Arif Bin Agam
Facuity of Science, Technology and
Human Development

University Tun Hussein Onn Malaysia

Dr. Goh Boon Tong
Physics-Department, Faculty of
Science, University Malaya.

ONE DAY COURSE ON NANOMATERIALS CHARACTERIZATION TECHNIGUE:

FUNDAMENTAL AND APPLICATIONS.

Organizer : Nanomaterials Engineering Research Group, University Malaya,
Date : Tuesday, 17" March 2015
Venue : Conference Room, Engineering Tower, Faculty Of Engineering University Malaya.

Program Schedule

8.00am - 8.30am
8.30am - 9.30am

9.30am - 10.30am

10.30am - 11.00am

11.00am - 12.00pm

12.00pm — 1.00pm

1.00pm - 2.00pm

2.00pm - 5.00pm

5.00pm - 5.30pm

: Participant registration.

Fourier Transform Infrared Spectroscopy: Fundamental and Applications for
Nanomaterials.

Prof. Madya Dr Mohd Arif Bin Agam

Fakulti Sains, Teknologi Dan Pembangunan insan

Universiti Tun Hussein Onn Malaysia (UTHM)

Fundamental and importance of Raman Spectroscopy in Nanomaterials.
Prof. Dr. Saifollah Abduliah

Facuity of Applied Science

University Teknologi MARA,

. Tea Break.

Ultraviolet Visual Spectroscopy: UV-Visible Spectroscopy for Nanomaterials
Characterization.

Prof. Dr. Wan Haliza Binti Abd Majid

Department of Physics, Faculty of Science, University Malaya.

High Resolution Transmissicn Electron Microscopy: Principles and
Instrumentation on Nanomaterials.

Dr. Goh Boon Tong

Department of Physics, Faculty of Science, University Malaya.

Lunch Break.
Lab Demonstration of Feurier Transform Infrared Spectroscopy (FTIR), Micro

Raman Spectroscopy, UV-Visible Spectroscopy and High Resolution
Transmission Electron Microscopy (HRTEM).

: Closing.




Y A CHARACTERIZATION TECHNIQUES:
FUNDAMENTAL AND APPLICATIONS.

17*" March 2015
Organized By: Nanomaterials Engineering Research Group, University of Malaya

K U A

" ONE DAY COURSE ON O USWERSITI
5 UNIVERSITI @

EGISTRATION APPLICATION M PAYMENT METHODS;

1 Research Grant
Name : Expenses > Internal Money Transfer > Search Payee > Search Type >

Acc Code: 76299 > Tabung Ni ials Research Engi ing

D d

1. Cheque
Organization : Payee 1 Bendahari University Malaya

Send To : Nanomaterials Engineering Research Group
Gender : Ref: <Invois Na,>
Address : Mechanical Engineering Department
Faculty of Engineering

University Malaya

. Telegraphic Transfer

Tel. No. : Account Name : UNIVERSITY MALAYA
Account No. :  1440-0004005-05-3
Emait t Name :  CIMB BANK BERHAD,

UNIVERSITY MALAYA
Registration Fee: RM400/Person
Please send the completed form and payment documents (transaction
receipt/inveice commitment) to:

nanomaterialsengineeringum@gmait.com
Nanomaterials Engineering Research Group
Mechanica! Engineering Department,
Faculty of Engineering, University Malaya
50603 Kuala Lumpur
Tel: 017-2109956
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National Conference Proceedings

1.
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National Conferences Presentation:

1.

Pauline Yew, Lee, S.C., Ng. S.S., Yoon, T.L., Abu Hassan, H. (2014) Influence of force
constant on surface phonon polariton properties of cubic ZnS;..Se. crystals, National
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Mohd Amin, N., Ooi, P.K., Ng, S.S. (2014) Deposition of the aluminium nitride on
kapton film using sputtering method, 28" Regional Conference on Solid State Science
& Technology (RCSSST28), 25-27 November 2014, Copthorne Hotel, Cameron
Highland, Pahang.

Lee, Z. Y., Osman, S. A., Ng, S.S. (2014) Radio-frequency Sputtering Growth of Indium
Nitride Thin Film on Flexible Substrate, 28™ Conference on Solid State Science &
Technology (RCSSST28), 25 — 27 November 2014, Copthome Hotel, Cameron
Highlands, Pahang, Malaysia.

Mohd Amin, N., Fatin Ain, Z.M., Sukma, N.Z., Lee, Z.Y., Fong, C.Y., Ng. 8.S. (2014) A
study of AIN thin film on silicon substrate by spin coating method, 1% Meeting of
Malaysia Nitrides Research Group (MNRG), 07 April 2014, Auditorium Room,
INFORMM, Universiti Sains Malaysia, Penang, Malaysia.

Cheah, S.F., Lee, S.C., Ng, S.S., Yam, FK., Abu Hassan, H., Hassan, Z. (20132
Attenuated total reflection studies of honeycomb nanoporous GaN thin films, 27*
Regional Conference on Solid State Science & Technology (RCSSST27), 20 — 22
December 2013, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia.
Mohd Amin, N., Lee, Z.Y., Fong, C.Y., Ng, S.S. (2013) Growth and characterization of
AIN thin film deposited by spin coating and nitridation techniques, 27% Regional
Conference on Solid State Science & Technology (RCSSST27), 20 — 22 December
2013, The Magellan Sutera Resort, Kota Kinabalu, Sabah, Malaysia.

Pauline Yew, Lee, S.C., Ng, S.S., Yoon, T.L., Abu Hassan, H., (2013) Theoretical studies
on optical phonon and surface phonon polariton of wurtzite AlInN alloys, 27™ Regional
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Under Review / Submitted:
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Infrared optical responses of wurtzite IniGa;N thin films with porous surface
morphology. Optical Materials, (Submitted).[Impact Factor: 2.075]
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annealing temperature, Advanced Materials Research, Under Revision. [Indexed by
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Human Capital Development:

(1) 1 MSc student - Masters by Research mode:
(i) Cheah Sook Fong, Morphological and optical properties of porous gallium nitride
(GaN) fabricated by photoelectrochemical process. Main Supervisor.
(Graduated 2015)

(2) 2 Undergraduates (Final Year Project):
(i) Siti Norshuhadah Ibrahim and Nurul Atikah Mohd. Isa, Fabrication and
characterization of porous GaN thin films via UV-Assisted electrochemical
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Surface phonon polariton characteristic of honeycomb nanoporous

GaN thin films

S.F. Cheah," 8. C. Lee,"2S. 8. Ng,' F K. Yam,' H. Abu Hassan,” and Z. Hassan'

'Nang-Optaelccivanic Research and Technolagy Laboratory, Schoot of Phsics, Universiti Sains Maluysia,

11800 Penang, Malaysia

:D(‘pclrlmt‘ﬂi of Physics. Faculty of Science, University of Malaya, 50603 Kuala Lumpur, Malaysia

(Received 1 December 2012; accepted 25 February 2013; published online 11 March 2013)

Nunoporous GaN thin films with honeycomb structure were fabricated via ultra-violet assisted
electrochemical eiching approach. Under different anodization voltages, two nanoporous samples
with different porosity were Labricated. Porosity and surface phonon polariton (SPP) characeristics
of the fabricated samples were investigated using polarized infrared attenuwated ol retlection
techaigue. It was found that the porosity of nanoporous GaN has great influence ou its SPP
resonant {requency. [t can modutale the resonance [requency towards fower value, © 20/3
American lnstitnte of Pitysics. [hitp://dx.doi.org/10.1063/1.4794906)

Wide band gap seniiconductor galliun nitride (GaN) has
atracted extensive aftention owing o its numerous potential
applications in optoelectronic devices such as light-emitting
diodes, laser diodes, sensors, and high-efficiency solar cells,
as well as  high-speed und  high-frequency  electronic
devices." To date. nanoporous GaN has gained substantial
interest in the research community. The strong upsurge of in-
terest in nanoporous GaN is mainly atvibuted to its unigue
properiies such as high surface area per unit volume and high
luminescence efficiency. These unique properties are the driv-
ing force in developing today’s endeavowr research technol-
ogy as they have the imense potential capability in the
fabiication of enhanced-performance devices. ¥

Most of the techinijues used to fabricate the nanoporous
GaN are through eiching methods, These include the meral-
assisted clecteoless erching,* photo-clectrochemical etch-
ing!S ulrra-vioket (UV)-assisted electrochenical clching,s'ﬁ'g
UV-assisted electroless etching.'™!! and laser-induced etch-
ing.!? In spite of the greal number ol experimental warks on
the nanoporous GaN. little Is known about its surface phonon
polariton (SPP) characteristics.

Polarilon, namely hybrid (mixed) niode, is the elementary
excitation in dipole active material, where the photon coupled
with an elementary particle such as phenon, plasmon, exciton,
ete." M [0 the case of the infrared (IR) photon couple with an
optical photon, the resulting mixed mode is known as phonon
polariton, SPP phenomenon arises when the IR photon with
transverse magnetic (TM) mode couple to the surface phonon
localized near the surface of a poelar erystid, The SPP inode
wravels along a direction perpendicular to the surface normal
and its amplitude autenuates exponentially from surface to
putk."*"* Knowledge on the SPP properties is crucial because
understanding the behaviour of the coupling effect between
the photon and surface phonen, is the basis for the develop-
ment of several modern devices'™'? such as resonant-based
sensor and thermo-photovoltaic system.

YAuthor o whom © 3 shouid be ad I E-mail address:

sookfongchealy@ yahao.cont,

0003-6951/2013/102(10)1/101601/5/$30.00

102, 1016011

In this Letter, the SPP characteristics of two homogene-
ous honecycomb nanoporous GaN thin films with different
porosity were reported, The nanoporous structures were fab-
ricated using UV-assisted elecwrochemical erching method
under different anodization voltuges. Nondestructive polar-
ized IR auenuated tota] reflection (ATR) technique was used
to access the thin film thickness, the depth of porous layer,
and the porosity as well as the SPP characteristics of the
nanoporous GaN samples, Through this study, a clearer pic-
ture of the effects of the nanoporous structure and the poros-
ity on the SPP mode is oblained,

The samples used in this study were homogeneous honey-
comb nanoporous GaN thin films on sapphire substrates.
These samples were fabricated fromn the conmercial silicon
(8i) doped GaN thin flms on sapphire substrates. The as-
grown GaN thin films have a wurtzite steucture with c-plane
orientatien. Its thickness was about 5 um, which includes two
homogeneous layers ol GaN, i.e., Si doped GaN as top layer
and undoped GaN as sublayer. The carrier conceatration of
the Si doped layer was approximately (1-4) x 10" em ™, The
nanoporous GalN thin films were obtained using UV-assisted
electrochemical etching techiique, The electrolyte was poras-
sium hydroxide (KOH) solution and the ewching period was
one hour. Te obtain the porous samples with different poros-
ity, we imentionally set the etching processes under different
anodization voltages (i.e., 10V and 20V). For clarity, we
denote the porous samples by samples A and B, respectively.

Ficld-emission scanning clectron microscope (FESEM.
Model FEI Nova NanoSEM 430) was employed to study the
surface morphology and layer characteristics of the porous
samples. Room temperaure polarized IR ATR measure-
ments were carried out using a Fourier transform IR spec-
trometer (Specttum GX FTIR, Perkin Elmer) with the aid of
an optional diamond ATR accessory (GladiATR, PIKE
Technologies). The diamond ATR crystal has a refractive
index of 24 and an internal incident angle of 45°'" To
excite the SPP resonance of the studied structures, the ATR
measurements are conducted in Oto configuration'” under
p-polarized (TM) mode using a thaltium {odide bromide [R
rolarizer. The ATR spectra were recorded in the frequency

& 2013 American Institute of Physics

101601-2  Cheah et al.

range of 400-4000 cm ™" with spectral resolution of 4 cm™'

using 128 scans.

Figure | shows the rop view FESEM images of the
as-grown and nanoporous GaN thin filins on sapphire sub-
strates. Prior to the ctehing process (Fig. 1(a)). the GaN
thin film exhibits a flat and smooth surface morphology
{as-grown samptie). Upon the etching process (FFigs. 1(b) and
1{c)}, the GaN thin films exhibit a homogeneous nanoporous
structure with hexagonal arrangement (samples A and B).
Comparison between samples A and B shows that the pores
diameter strongly depends on the anodizing poteatial used in
the electrochemical etching process, The average pore area
of each naneporous GaN thin films bas been identified using
the standard image processing technique. For similar meas-
uring areas size, sample A exhibits tiny hexagonal pores
(approximately 1032 nm®) whereas sample B exhibits larger
hexagonal pores (approximately 2253 am?). Besides, it is
shown that the pore density of sample A {approximately
429 x10*nm™) is greater than sample B {approximately

Appl. Phys. Lett. 102, 101601 (2013)

FIG, 1. FESEM top view (left hand side)
and cross-sectional (right land sided
images of srowa GaN (). {d)) and
nmoporous GuN etched under voltage
supply of (BY (L), (e)), and 20V ).
(1), The inset tigures illusiraie the cross.
sectional images of porous layer of
navoporous GaN,

2,17 x 107* nm™?), where the pore density is defined as the
number of pores per unit surface area. The results indicate
that higher anodizing potential in the electrochemical etching
will lead to wider pore area and smaller pore density of sur-
face swucture (will be explained later).

The cross-sectional FESEM unages of the as-grown and
nanoporous GaN thin films on sapphire substrates are shown
in Figs. 1{e) to I{D). Prior to the etching process (Fig. 1(e)),
the thickness of the as-grown GaN thin film is about 5 um.
Due to the homogeneous characteristics of the two layers, the
Si-doped and undoped GaN sublayers cannot be distinguished
from the FESEM image. Consequently, the individual thick-
nesses of the two layers are inaccessible from FESEM image.
Nevertheless, by obtaining the best fit of experimental and
theoretical ATR spectra (see Fig. 2), the thicknesses of the
two layers can be determined, e, about 1.9um for the
Si-doped GaN Jayer and 3.2 um for the undoped GaN layer.
Upon the etching process (Figs. 1(f) and 1(g)). the thickness
of the GaN thin films are reduced from 5 pm to 4,334 zm and
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Luminescence evolution of porous GaN thin films prepared
via UV-assisted electrochemical etching

S.F. Cheah®*, S.C. Lee ", .S, Ng® FK. Yam? H. Abu Hassan ?, Z. Hassan *
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1. Introduction

Fabrication of porous gallium nitride (GaN) thin film has triggered
massive interest in the field of semiconductor. Compared to raw GaN
with flat surface, GaN with porous surface exhibits larger surface area
which peculiarly enables more optical activities on the GaN surface,
leading to the enhancement of luminescence efﬁnenq. The capability
of porous GaN in modulating optical P the adapt-
ability of GaN in various devxce applications [1,2].

n-type GaN is adopted as raw wafer, the luminescence emission is not
always attained upon perosification. Quenching of luminescence has
been found after porosification 12,13} There is also one report on the
enhancement of luminescence after porosification (6]. Consequently,
factors that contribute to the luminescence response of porous GaN
are ambiguous.

Photoluminescence (PL) spectroscopy is a versatile and non-ges-
tructive tool to characterize the Juminescence properties of semicon-
ductor materials [14]. Useful material information can be extracted

Etching is a promising technique to fabricate porous
Numerous works have been devoted to the development of wet
etching techniques in producing porous GaN [3-7]. Phoroelecrro-
chemical wet etching has been fi iy
porous GaN due to its simple setup and low-cost advanﬂxes 8L A
clear of i¢s is important to
optimize device performance of GaN-! bascd optical device. Despite
tremendous investigations on the porous GaN fabrication. profound
study of luminescence properties of porous GaN is scant.

Porusification is a common approach to enhance luminescence of

tor. Enh, of I ion of low doped
n-type (or undoped) GaN can be easily achieved after porosification.
Most studies are fallen in this group [9-11}. However, when Si<doped
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through analyzing the feature of the emission spectrum, For instances,
the position of emission spectrur can be used to determine the band
gap energy of semiconductor; the indication of thin film quality
through the linewidth of emission spectrum. PL spectroscopy is also a
sensitive probe for impurities [15-17}. In this work, PL spectroscopy
was applied to investigate porous GaN thin films with different
surface morphologies and free carriers properties. Attention is paid
to the clarification of the roles of the porous structure and the free
carriers in controlling the luminescence emission of porous GaN,

2. Experimental details

Porous GaN thin films with different surface morphologies and
{ree carriers properties were fabricated from Si=doped GaN thin films.
using ultra-violet (UV)-assisted electrochemical etching approach
under various etching voltages. To comprehensively understand the
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effects of Si-dopants on the luminescence properties of porous GaN,
two GaN wafers with different free carriers properties were chosen as
raw materials to produce porous GaN thin films, namely, unintention-
ally doped n-type GaN (labelled as u-GaN) and n-type Si-doped GaN
(labefled as n-GaN) thin films on sapphire substrates. The free carrier
concentrations of the u-GaN and n-GaN thin films were about ~-107
and ~10" cm~?, respectively. The thicknesses of the u-GaN and
n-GaN thin films were about 54 and 5.1 pm, respectively.

An electrochemical etching process of GaN strongly depends on
the electrical conductivity of the raw wafer. Choosing appropriate
electrolyte is important to effectively etch the GaN samples. Two types
of electrolytes were used for perosification, ie., aqueous potassium
hydroxide (KOH) and sulfuric acid (H;S0,) To gently control the
etching process of n-GaN. KOH is chosen as the erchant for n-GaN
because KOH has a low etching strength. Because of low conductivity
of u-GaN, KOH is difficult to initiate the porosification process of u-
GaN. Therefore, H3S0, which is known as a promising etchant, is
chosen as the electrolyte to etch u-GaN sample. For clarity, the porous
GaN samples fabricated from u-GaN and n-GaN thin films are labelled
with initial codes U and S, respectively. The UV-assisted electroche-
mical etching was conducted in a two-electrode cell at room tem-
perature under various etching voltages with the illumination of
150 W. Table 1 tabulates the porous GaN thin films conducted under
various applied voltages.

A field-emission scanning electron microscope (FESEM. Model FE
Nova NanoSEM 450) was employed to study the surface morphology
and layer characteristics of the porous GaN. To investigate the lum-
inescence characteristics of porous GaN, room temperatuse PL mea-
surements were performed using a Horiba Jobin Yvon HRBOOUV
system, The PL spectra were recorded using an integrated confocal
micro PL setup with the 325nm line excitation of the helium-
cadmium laser. To investigate the tole of free carriers in controlling
the luminescence emission of porous GaN, room temperature
p-polarized infrared (IR) d total reflection (ATR) measure-
ments were cartied out using 2 Fourier transform IR spectrometer
(Spectrum GX FTIR, Perkin Elmer) with the aid of an optional diamond
ATR accessory (GladiATR, PIKE Technologies) and a thallium iodide
bromide IR polarizer. Taking advantage of the spectral sensitivity of IR
attenuated total reflection (ATR) spectroscopy on semicenductor
materials [18-20], the free carriers properties of the samples were
determined.

. Results and discussion

3.1. Determination of the carrier it raw GaN thin films

Fig. 1 shows the p-polarized ATR spectra of raw GaN thin films
with different carrier concentrations. Attention is paid to the most
pronounced dip (labelled as ), which is corresponding to the

Table 1
The electrochemical etching processes were conducted under various applied
voltages.

Raw materials Samples Applied voleage  Electrolyte
code V) solution
Unintentionally doped (u-) U1 Hy504
GiN uz
us
Si-doped (n~) GaN s1 KOH

BB8uan~ 883

LR ]

surface phonon polariton (SPhP) mode of GaN [21,22}, As seen in
Fig. 1, the SPhP modes of u-GaN thin films (about 700 cm™*) have
smatier resonant frequencies and the SPhP dips are sharper than
n-GaN thin films (760 cm™*). To compare the broadening features
of the SPhP dips, full width at half-maximum (FWHM) of the SPhP
dips are labelled in Fig. 1.

Dieiectric function are the main related to
the SPhP modes. The samples used in this work have multilayer
structure. Provided that the dielectric tensor components and the
thickness of each layer are known, the ATR spectrum can be simulated
using the standard multilayer optics technique {23}, Prior to porosi-
fication, the dielectric tensor components of GaN along x(y) and
Zz-axes, namely, ex{L)£,{¥), and £-(1), are given by [17]:

Vo Lqp =¥~ w0
£oqple) =&, lm.(#!;——— o lem M
« i Yo~ VY im)

- Si-doped GaN]
¥ | m=z64x10"

Si-doped GaN |
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Fig- 1. Room temperature p-polarized ATR spectra of raw GaN samples with different
carrier concentcations. The dotted and solid lines indicate the theoretical and

ATR spectra, respx The symbol the SPP resonance.
200000 v * T T
——a-GaN (=264 x 10y '
FO0MD [ e g CoN (=2.08 x 10" <
_ ——GaN (s 3 x 18"
3 G00080 [ —— oG (w2t £ 10)
I
T 400000
§ o
o e
100060

L]
320 325 330 A} M40 345 380 S5 deo
Photon Energy (eV)

Flg 2. Room temperature PL spectra of saw GaN samples with dilferent carrier
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Abstract In this resenrch, the growth of GaN thin films on c-plane sapphire (0001) substrates via (wo-step method
without the assist of buffer layer and catalysts was demonstrated. First, gallium oxide (GapOs) thin filims were deposited on
sapphire substrates by radie frequency magnetron sputtering method. The deposited Ga, O thin films were then nitriduted
at various temperatures. In this research, attention is focused on the influence of nitridation temperatures on the Structural
and optical properties of the synthesized GaN thin films. [1 is revealed that 950 °C is the optimal pitridation temperature for
synthesizing hexagonal wurtzite GaN thin film with preterential (0002) growth direction.

KEY WORDS: Sputtering; Nitridation; Gallium oxide; Gallium nitride

1 Introduction

Since the carly 1990s, much effort has been made lo pre-
pare a wide band gap gailium nitride (GaN) semiconductor
[1]. This is owing to its outstanding fundamental physical
and chemical properties, such as direct and wide band gaps
of 3.39eV at room iemperawre, high breakdown field
voltage |2] and high thermal, mechanical and chemical
stabilities. These unique properties make GaN a promising
material in numercus optoclectronic and elecronic appli-
cations such as light-emitting diodes, laser diodes, sensors
and high-efficiency solar cells, as well as high-speed and
high-frequency electronic devices.

Several research proups have recently succeeded in
synthesizing GaN thin fitms on silicon substrates vin var-
ious methods such as molecular beam epitaxy (MBE),
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radio frequency (RF) magnetron sputicring and metalor-
ganic chemieal vapor deposition (MOCVD). However.
mast of the methods used have complicated setups and
costly productions. RF magnetron sputtering method is a
rather simple and easy method among all of the methods
mentioned above. though it is one of the mast popular
methods for early investigations of GaN thin films [3].
Furthermore, this method is also highly usetul in semi-
conductor technology industry [4]. Until now, only a few
reports have appeared on sputtered GaN, including the
work of Xie et al. {5}, who have shown that nanocrystalline
GaN thin films have been prepared using DC magnetron
sputtering of Ga target and annealed in nitrogen ambient.
Besides, GaN target have been used by Xiao et al. [6} for
the growth of polycrystalline GaN rhin films on Si (111)
substrates. The direct growth of GaN using the GaN target
bas rarely been used by rescarchers because of its very high
cost compared with a gallium oxide (Ga;0;) target. For the
above-mentioned reasons, there is a need 10 search for an
alternative target material to be used for the sputtering of
GaN thin films. Our morivation is to use the cheap Ga,0;
target to overcome the problem.

In this paper, we will teport the deposition of GaN thin
films on c-plane AlLO; (0001) substrates via two-siep
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method, in which the GayO, thin films will be first
deposited on c-plane AlOj {0001) by RF magnetron
sputtering method, thew the deposited GazO4 thin films wiil
be trunsformed into GaN through nitridation process. No
additional metal catalyst and buffer layer will be used
throughout the processes. In this work, ateation will be
focused on the influences of the nitridation temperatures to
the structural and optical properties of the depasited GaN
thin films. Various eharcierization lechniques will be
employed including X-ray diffraction (XRD), scanning
probe microscope (SPM). field emission scanning electron
microscopy (FESEM) and Raman spectroscopy.

2 Experimental
2.1 Preparation of Gallium Oxide Thin Films

The 1 em x | cm c-plane AL Oy (0001) substrates were
sonically cleaned using acetone and deionized water for
10 min each before the deposition of the Ga,04 thin films.
The Ga, 04 films were deposited oa the c-plane Al Oy (0001)
substrates using a conventional RF magnemon sputtering
technology system. High-purity Ga; O3 target and argon gas
with purity of 99.99 and 99,999%, respectively, were used.
The target-to-substrate distance is around 10 cra. The thin
films were grown at RF power of 150 W, and gas pressure
was kept constant ut 2.2 x 1072 Pa for 2 b, The thermal
annealing process was carried our after the RF sputfering
process. The thin films were annealed in 4 horizontal wbe
furnace at a temperature of 950 °C for 2 h in N, ambient.

2.2 Formation of Gallium Nitride Thin Films

The costed Ga,0, thin films were nitridated in two-zone
conventional tube furnaces. The first zone of the tube
furnace was ramped up and fixed from room temperature 1o
1,000 °C. The second zone of the tube furnace, on the other
hand, was heated up to the required temperature that ran-
ged from 850 to 1,050 °C. When the furnuces were heated
up to the designed temperature, the quartz boat that was
filled with the coated GayO5 thin flms was placed at the
center of the second zone of twbe furnace. The coated
Ga, O, thin films were then nitridated under a constant flow
of highly pure ammonia (NH3) gas with g flow rate of
300 mL/min for 1 h at the temperature of 850, 950 and
1,050 °C, respectively. Ammonia reacted with Gaa0jy thin
fikms at a high temperature. The reaction coukl be deseri-
bed by:

Gay0, + 2NH; — 2GaN + 3H;0. )]

After nitridation process, NH; was switched off and
nitrogen (Nj) gas was flowed in order to flush out the

excess NH; inside the wbe furnaces. Finally. the thin Shms
were tuken out for characterization.

2.3 Characterization of Thin Films

A variety of methods was appiied to charucterize the
structural and optical propertics of the thin films. High-
resolution XRD (PANalytical X'Pert Pro MRD) system
with a CukK,; radiation source (4 = (1.15406 nm) was used
to idenuify the crysialline structures and propecties of the
deposited thin fiims. All the XRD measurements were taken
under 20— scan mode. A scanning probe microscope
(SPM-9600, Shimadzu) was used to investigate the surface
morphologies and the surface roughness of the deposited
thin films. A field emission ing electron mi p
(FESEM, NOVA NANOSEM 45(}) was used to exanine the
merphology and microstructures of the as-synthesized thin
films. The optical quality of GaN thin films was studied
using  Raman  spectroscopy  (Horiba  Jobin-Yven
HRB00UY). An argen ion laser (514.5 nm) with 20 mW
was used as an excilation source for Raman measurements.
The thickness of the GaN thin films nitridated at 830, 950
and 1,050 °C was measured using the Filmetrics model F
20, which was 0.49, 0.48 and 0.37 pm. respectively.

3 Results and Discussion
3.1 Analysis of Structural Properties
304 XRD Study

Figure | shows the XRD patterns of GaN thin films nitri-
dated after flowing NH; for | h at temperatures ranging
from 350 to 1,050 °C. As observed in Fig. 1, the diffraction
peaks cosrespond to the wurtzite GaN (JCPDS File No.
05-0792) and the GayO3 (JCPDS Card No. 41-1103). The
GzN thin film nitridaied at lemperature 850 °C resulted in a
broad preference plane GaN (0002) peak and exhibits a
Ga,0; peak at zround 28 = 41.59° in the XRD spectrum.
The presence of the Ga, O3 peak was due to the fact that
Gz,0; does not have cnough energy to fully conven inw
GaN during the nitridation process at 850 °C [7). Ga.0s
has been partially converted into GaN at this niridation
temperawre. As lhe nitridation temperature increases to
950 °C, three dominant diffraction peaks can be observed
2t 20 = 32.44°, 20 = 34.61° and 20 = 36.85°. which are
the charscteristics of the GaN (10105 GaN (0002) and
GanN (:oin peaks, respectivety. All the diffraction peaks
were ascribed o the formation of wurtzite structure GaN.
No Gaa0; peak was detected in the XRD spectrum. The
reason lies in that the grains in the film obtained enough
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In this study, wurnzite galliume nitride (GaN) thin film was directly grown on hexagonal silicon carbide
(6H-SIiC) substrate without buffer layer using sol-ge) spin coating method followed by annealing and
nitridation process. The entire growth process was investigated in-depth. The results revealed that the
conversion of GaN thin film proceeds through an intermediate of amorphous gallium{l) sub-oxide
{Ga;0). In this case, the amorphous Ga;0O was converted into GaN thin film after being nitridated at
ia ambient. The i i
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1. Introduction

Wide direct bandgap gallium nitride (GaN) semiconductors
with a wide direct band gap cof 3.4 eV at room temperature has
received considerable attention as an ideal material for various
optoelectronic device applications. These applications inciude
ultraviolet and blue emitters, spintronics, high temperature, high
power, and radiation-resistant electronic devices [1,2].

Metal organic chemical vapor deposition, molecular beam epi-
taxy, metal-organic vapor phase epltaxy. and hydl‘idc vapor phase
ep:taxy hods are the p facturing technology for
growing epitaxial GaN thm films. However, these methods involve
complicated setup procedures that demand high production cost.
Therefore, simple and cost effective techniques such as sol~gel spin
coating for growing GaN thin films are highly recommended {34}
However, studies that investigated sol-gel spin ouaung are llrmted
and many growth mechani remain unk
investigation of sol-gel spin coating for the growth of GaN thin films
was conducted to provide experimental information about this
approach. The details provided regarding each step of the growth
process may guide researchers regarding the growth of GaN thin
films through sol-gel spin coating method. jung et al. and Othonos
et al, studied the conversion of gallium oxide (Ga;03)} to GaN, but

*Carresponding author. Tel: +60 4 653 5325; fax: +60 4 657 9150.
E-mail address: lovislong331@hotmail.com (C.Y. Fong).
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they used different growth process and substrates [5-7). Different
changes, substitutions, machines, compositions of matter, method:
and steps can produce different outcomes because different growth
process produce different results. Thus, studying the sol-gel spin
coating growth process is very important to researchers in this field.

In this study, wurtzite GaN thin film was grown directly on a
bare 6H-SiC substrate via sol-gel spin coating method followed by
annealing and nitridation. Some space were devoted to the sys-
tematic investigation of the entire GaN thin film growth process,
starting from sol-gel spin coating until the nitridation process,
which include some chemical reaction processes. A 6H-SiC sub-
strate is used in this study because the low lattice constant
mismatch between GaN and 6H-SIC is approximately 3.4%. The
lattice mismatch is much smaller compared with other substrates
such as sapphire (approximately 16%) {8] and silicon (approximately
17%) [S]. Hence, the GaN films have lower screw and edge disloca-
tion density {8]. Thus, buffer layer was no longer necessary to relax
the strain and reduce the defects for the growth of GaN films.

2. Experimental details

Gallium nitrate(jil) hydrate (Ga(NOs); - xH20) powder, ethanol
(99.7% purity), distilled water, and diethanolamine (DEA) were
used as the starting material, solvent, and surfactant, respectively.
To prepare the precursor, Ga(NO3); - xH,Q powder was dissolved in
distilled water and ethano! with a purity of 99.7%. DEA was then
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added slowly, The resultmg precursor was stirred to yield a

and t lution. Prior te the growth of
GaN thin film, 2 bare 6H SiC substrare (resulted sample denoted
as 51) was cleaned ultrasonically in acetone and deionized water
for 5 min each. Spin coating was accomplished by dropping the
prepared precurser onto bare 6H-SiC substrate and spun in an
arnbient condition for 30 s at 3000 rpm. The spin coating process
was accomplished repeatedly to obtain film of varying thickness.
The thin film was then annealed in a tube furmnace at 950 Cfor2 h
with a flow of nitrogen {N;) gas (resulted sample devoted as 52).
Finally, the coated thir film was nitridated under NH; gas ambient
with flow rate of 300 sccm at 950 °C for 75 min (resulted sample
devoted as 53). After cooling, the tube was flushed with nitrogen
gas and the sample was removed for subsequent analysis,

The crystalline structure of the deposited thin films was
examined through X-ray diffraction (XRD) phase analysis using a
PANalytical X'Pet systern with CuKe (4=15418 A) X-ray source.
The surface morphologies of the as-synthesized thin films were
examined by field-emission scanning electren micrescopy {FESEM,
FEI Nova NanoSEM 450 system). Energy-dispersive X-ray (EDX)
attached to FESEM was used to estimate the element compositions
in the films. The lattice vibrational properties of the deposited thin
films were investigated using Fourier transform infrared (FT-IR)
spectrometer (Spectrum CX FT-IR, Perkin-Elmer).

3. Results and discussions

Fig. 1 shows the XRD spectra of samples {a) §1, {b} 52, and (c) S3
measured under the absolute scan of 2theta-omega (26-w) scan
mode in the range of 20° to 80°, For sample S1. the two sharp
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Fig. 1. XRD parterns of samples: (a) $1.(P) 52, and (<) S3 measured under the 26—
scan mode.

peaks that originated from the first and second order of 6H-SiC
substrate can be clearly observed at 35.5° and 75.2°, respectively
(Fig. 1(a)). When the film was annealed in the furnace at f 950 °C
under Nz ambient (sample 52), no peak was observed in the XRD
spectrum, except at the peak from the 6H-SiC substrate (Fig. 1(b)).
Thus, the deposited film is in an amorphous phase, When the film
is nitridated under NH; ambient (sample $3), four dominant
diffraction peaks can be observed at 32,54°, 34.57°, 36.90°, and
73.03° (Fig. 1(c)). These diffraction peaks exhibit the characteristics
of wurrzite GaN(100), GaN(002), GaN(101), and GaN(004)
peaks (JCPDS file no, 05-0792), respectively, The intense and sharp
diffraction peak at 34,57" indicates that the GaN crystals preferred
to orient along the c-axis, and the product grew in the (002)
direction, This result may be attributed to the hexagonal 6H-SiC
substrate, which has the same crystal structure with the wurtzite
GaN. The lattice mismatch is small in their basal plane.

The growth of GaN thin films through sol-ge! spin coating is
relatively scarce, Thus, very little is known about the growth
mechanism. Several chemical reactions are involved in this
approach. The chemical reaction process in the annealing stage
could be expressed in the following equation:

4Ga(NQ3)3(s) —2Gax0(s) + 12N02(g)+ 501(g) [¢))

Amorphous Ga;0 is formed during this stage, as shown in Fig. 1(b).
The presence of this material cannot be detected through XRD
measurement. However, amorphous Ga,0 exhibits two prominent IR
peaks. The presence of these two prominent IR peaks is an important
indicator that GaN has successfully reached the nitridation stage.

For the nitridation process, the NH; was decomposed stepwise
into various species (NH, NH and N) at 1000 °C [10). The species
reacted with Ga;0 to form GaN thin film. Thus, the chemical
reaction process in the nitridation stage could be expressed as

Gaz0(s) + 2NH3(g) —2GaN(s)+ H.0(g) + 4H (g) @)

To the best of our knowledge, the mechanism was possibly
operating when Ga,0; was transformed into GaN in NH; ambient.
However, different cases may transform volatile Ga,0 into GaN.
‘Wagner et al. and Kisailus et al. reported that Ga;O was further
reacted with NH; or amine species to form GaN [11,12].

Fig. 2 shows the top view FESEM images of samples (a) $1,
(b} S2, and {c) S3 captured at higher magnification ( x 100 K),
Interestingly, the surface morphology of all the samples differ
significantly. The FESEM images for S1 and S2 exhibit a relatively
smooth surface. However, very fine grains can be observed in the
FESEM image of S2. The FESEM image for S3 clearly demonstrated
hexagonal-shaped morphology; these hexagons were most likely
composed of high crystallinity GaN(0 0 2) crystal planes [13]. The
FESEM results of 52 and S3 were consistent with the XRD results
(see Fig. 1), which means that no XRD diffraction peak originated

Fig. 2 Top view FESEM images of samples: (a) 51. (b} 52, and (¢) §3 capured at higher-magnification ( x 100 K).
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Abstract

The lattice vibrational properties of wurtzite termary mixed crystal aluminium indium nitride
(AlyIn;4N) are investigated thoroughly using modified random element iso-displacement (MREI)
model and Bom-Huang procedure. MREI model, which considers the nearest neighbour
Interactions, is used to predict the composition dependence of longitudinal and transverse optical
phonon frequencies. For Alln;. N alloy, oscillator strength of its weak mode is sufficiently
significant for composition range of 0 < x < 0.4. As a result, AlIn;.N alloy is deduced to exhibit
mixed-mode behaviour. Finally, the calculated dielectric functions for the entire composition range
{0 £ x < 1) are used to simulate the surface phonon polariton characteristics of the AlyIn1.«N alloy.

Introduction

Wurtzite ternary mixed crystal aluminium indium nitride (AlIn,.(N) has received considerable
attention from semiconductor research community in recent decades. Due to the tuneable ¢nergy
band gap of AlyIn;,N from near-infrared (IR) to ultraviolet (UV) region [1], AliIn;. N becomes a
promising candidate in realizing various electronic and optoelectronic devices such as light-emitting
diode and laser diode [2].

In the long wavelength limit, the IR optical response of a material is described by the optical
phonon meodes, namely, transverse optical (TO) and longitudinal optical (LO) phonon modes. The
ternary mixed crystal AB,..Cy possesses two sets of TO and LO phonon modes, namely TO1-LOI
pair and TO2-LO2 pair, which may exhibit either one-mode, two-mode or mixed-mode behaviour.
The classification of the mode behaviours depends on oscillator strength of each TO-LO pair. In
one-mode behaviour system, one of the TO-LO pairs has relative low oscillator strength over the
entire composition range. If both oscillator strengths of the two TO-LO pairs are significant for the
whole range of composition x, it belongs to two-mode behaviour system. The mixed-mode system
exhibits one-mode behaviour over certain composition range whereas two-mode for the remaining
composition range.

Surface phonon polariton (SPP) is the elementary excitation resulting from the coupling
between IR photon (with transverse magnetic mode) with optical phonon near the surface of a polar
crystal [3]. A deep understanding of the SPP can be utilized in designing photonic devices [4]. Until
now, very few experimental [5-8] and theoretical [9] investigations have been devoted to the optical
phonon properties of wurtzite AlgIn.N. In particular, no experiment has been conducted to
investigate the SPP of wurtzite AlcIn;N.

Optical phonon modes are the prerequisite parameters to calculate the dielectric function of a
material while the dielectric function is a fundamental parameter to predict the SPP mode, The SPP
characteristics of wurtzite Al,In;.N have been theoretically studied using a linear interpolation of
dielectric function [10]. This may not describe the system correctly because the dielectric function
changes in a non-linear manner in general. To obtain the dielectric function more accurately, a
physics model, namely, modified random element iso-displacement (MREI) model can be adopted.
MREI model has been shown as a successful model to predict the optical phonon and dielectric
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properties of various ternary mixed crystals [11, 12]. Note that the SPP characteristics of several
ternary mixed crystals have also been investigated using MREI approach [13]. However, previous
works focused only on cubic ternary crystals.

In this paper, optical phonon modes of wurtzite AliIn|.\N are calculated based on MREI model
and Born-Huang procedure. Subsequently, a theoretical study on the SPP characteristics of wurtzite
Aln (N alloys is presented. The SPP dispersion curves are simulated for various composition i.e.,
x=0,0.2,0.7 and 1 by an anisotropic model.

Theory

The first assumption in MREI model is iso-displacement, which suggests that the anions and
cations of similar species vibrate with the same amplitude and phase. Randomness is the second
assumption that infers the force which each ion experiences is provided by a statistical average of
the interaction with its neighbour f14]. The use of local field on complete determination of phonon
mode by macroscopic parameters of the pure end members was emphasized by Genzel et al. f11].

Consider the splitting of transverse mode into A; and E; modes in wurtzite structure, the tocal
electric field Ejq is given by,

E,“=E+(4T”+C‘.)P, ‘ M

where C; is a constant and subscript 1 or 2 represents the value for parallel (A,) and perpendicular
(E1} to optical axis, cais respectively. For an ideal wuntzite structure, C; = 0.2 and C; = -0.1 [15).
By using eq. (1) in Genzel approach [11], the optical phonon modes of wurtzite Al N as a
function of x can be calculated. The required parameters in the calculation are taken from Refs. [16-
19].

Consider the optical axis ¢,y is parallel to the surface normal (¢, [| z) and perpendicular to the
direction of propagation (cais L x), the dielectric function of a wurtzite ternary nitride mixed crystal
can be written as [20]:

e T &= —iony
%KL)((D)—S.H(ﬁW—a)Z—iWTW ]KJ.) ' i

7

where @, &, @ro, @Lo are the angular frequency, high frequency dielectric constant, TO and LO
phonon modes, respectively. The subscript j represents the specific number of oscillator. By
inserting the optical phonon modes deduced from MREI model into Eq. (2), the dielectric function
of the studied crystal can be obtained.

Once the dielectric function is known, the dispersion properties of the SPP can be deduced from
the surface polariton (SP) dispersion relation. Taking the anisotropy of the material into account, the
SP dispersion relation of a two layer system can be expressed as [21]:

€18 1611y = €11 E1m1y)

Emnfny — €18y

(3)

k(@)=

The subscript / refers to the specific layer in the system, / = 1 for the vacuum, / = 2 for the semi-
infinite wurtzite AlIn; N crystal. k. is the wavevector of the SP along x direction and c is the
velocity of light in vacuum, i.e., 3x10® ms™, The dielectric function of vacuum is considered as
isotropic and is given by g = &= 1. To ensure the calculated SPP has physical meaning, Eq. (3)
should satisfy the localization condition of surface modes. The localization of the SPP mode can be
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Abstract. This study signifies the growth and characterization of aluminium nitride (AIN) thin film
deposited on the atmospheric plasma treated n-type silicon [n-Si (100)]. Basically, the low cost spin
coating technique which emphasized the production of a thin and uniform film on a flat substrate
through a dilute solution is adopted. For the precursor preparation, the main ingredient of
aluminium nitrate hydrate is dissolved with an organic solvent, The nitridation process is carried out
on the deposited coating at 1100 °C for 1 hour. The surface morphology and structural properties of
the thin film were investigated by field-emission scanning electron microscope, atomic force
microscopy energy, dispersive X-ray spectroscopy and X-ray diffraction; while the optical
properties of the deposited thin film was determined by using Fourier transform infrared
spectrometer. All the results revealed that AIN thin film was successfully deposited on n-Si (100)
substrate.

Introduction

Aluminium nitride (AIN) is an [{[.V family compound with a hexagonal close-packed wurtzite
structure [1]. The semiconductor AIN has potential for applications in high-temperature/high-power
electronic devices [2], surface acoustic wave devices, actuator, transparent hard coatings and AIN
composites for light-emitting devices [3]. AIN is also a potential candidate for use in the fabrication
of blue-violet light emitting diodes, short wavelength lasers, and ultraviolet light detectors {4].
Furthermore, AIN also has been used as buffer layer for the growth of gallium nitride [5]. AIN has
attracted much attention because of its wide direct-band gap of 6.2 eV, high thermal conductivity
{320 W/m-K), high electric resistivity (10'Q) [6], good insulator (>10"'Q), large hardness [7], high
chemical and thermal stabilities, high breakdown dielectric strength and high surface acoustic wave
velocity [8].

A variety of deposition methods have been reported for the growth of AIN thin film such as
metal-organic chemical vapor deposition [9], radio-frequency sputtering [10], pulsed laser
deposition [11] and molecular beam epitaxy {12). The preparation of the AIN thin film by using the
methods mentioned above is high in cost and involved in complicated setup. Thus, sol gel spin
coating method was explored due to its low cost and easy to handle compared to other methods.
Despite the simplicity of the method, relatively little work has been done on the growth of AIN thin
film using spin coating method.

In this study, an AIN thin film was deposited on n-type Si (100) substrate by spin coating method
followed by the nitridation process. The surface morphology and structural properties of the thin
film were investigated by field-emission scanning electron microscope (FESEM), energy dispersive
X-ray (EDX), atomic force microscopy (AFM), and X-ray diffraction (XRD), while the optical
properties of the deposited thin film were determined by using Fourier transform infrared (FTIR)
spectrometer.

Experimental detail

As a starting material, aluminium nitrate hydrate powder was used. Ethano! and diethanolamine
were used as solvent and stabilizer, respectively. First, aluminium nitrate hydrate powder was
dissolved in the ethanol and DEA solution at room temperature. The precursor was stirred to yield a
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ciear and homogeneous solution, which served as the coating solution. The prepared solution was
spin-coated on the atmospheric plasma treated n-type Si(100) substrate which was rotated at 3000
pm for 30 5. Then, the film was soft baked on the hot plate at 60 for few minutes. The spin-coating
and soft baked were repeated a few times to achieve film with the desired thickness. The thin film
was inserted to a furnace and annealed at 950°C for two hours under nitrogen ambient. After the
annealing process, the film was nitridated in the tube furnace at 1100°C for one hour under
ammonia (NH3) ambient. The flow of the NH; gas was set at 500 scem. After the completion of the
reaction, the furnace was allowed to cool down naturally to room temperature. During the cooling
process, nitrogen gas was flowed in order to flush out the excess NH;.

The surface morphology of the thin film was examined by FE-SEM (FESEM, Model FEI Nova
NanoSEM 450) and AFM (Dimension EDGE, BRUKER). The EDX (NOVA NANO SEM450)
which attached to the FE-SEM system was used to identify the elemental composition of the
deposited thin film. Whereas the structural properties of the thin film were investigated by XRD
(PANalytical X'Pert Pro MRD) with a Cu-ka, radiation source (A=1.5406A). The optical properties
of the deposited thir film were determined by using FTIR spectrometer (Spectrum GXFT-IR,
Perkin-Elmer).

Results and discussions

Fig. 1(a) shows the FESEM image of the deposited AIN thin film on n-Si (100) substrate
captured at high magnifications (x200k). It can be observed from the FESEM image that the surface
of the AIN thin film is smooth with fine grain. These results are correlated with the AFM results.
The cross-sectional view of the FESEM image is shown in Fig. 1(b). It can be observed that the
AIN thin film with an average thickness of approximately 0.595 pm was formed on the Si (100)
substrate. Fig. 1{c) shows the AFM image of the deposited AIN thin film on n-Si (100) substrate.
The AFM scans area was SpmxSum. The image shows that smooth and dense grain AIN thin film
with the root mean square (RMS) surface roughness of 2.26 nm was formed.

5.3 0m

R 4.3 om

Figure | (a) Plan-view FESEM image captured at megnification of 200K, (b) cross-sectional FESEM image, and (c)
AFM image of the deposited AIN thin film on n-8i(100) substrate.

Fig. 2 shows the EDX spectrum for the AIN thin film deposited on n-Si (100) substrate. EDX
indicates that the thin film consists of aluminium, nitrogen, silicon and oxygen. The presence of the
oxygen in the deposited thin film is associated to the common contamination of AIN in non-
equilibrium growth techniques such as spin coating [13]. Fig. 3 shows the XRD spectrum of AIN
thin film deposited on n-Si (100) substrate and bare Si. No peak was shown on the XRD spectra due
to few factors such as the thickness of the AIN thin film is thin and it do not reach the critical
thickness for XRD measurement [14]. The peaks that appeared in the XRD spectra come from Si
substrate. Nevertheless, the AIN thin film successfully grown on Si substrate and it can be
confirmed in the FTIR graph.
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Abstract, This study signifies the growth and characterization of aluminium nitride (AIN) thin film
deposited on the atmospheric plasma treated n-type silicon [n-Si (100)]. Basically, the low cost spin
coating technique which emphasized the production of a thin and uniform film on a flat substrate
through a dilute solution is adopted. For the precursor preparation, the main ingredient of
aluminium nitrate hydrate is dissolved with an organic solvent. The nitridation process is carried out
on the deposited coating at 1100 °C for 1 hour. The surface morphology and structural properties of
the thin film were investigated by field-emission scanning electron microscope, atomic force
microscopy energy, dispersive X-ray spectroscopy and X-ray diffraction; while the optical
properties of the deposited thin film was determined by using Fourier transform infrared
spectrometer. All the results revealed that AIN thin film was successfully deposited on n-Si (100)
substrate.

Introduction

Aluminium nitride (AIN} is an [II-V family compound with a hexagonal close-packed wurtzite
structure [1]. The semiconductor AIN has potential for applications in high-temperature/high-power
electronic devices [2], surface acoustic wave devices, actuator, transparent hard coatings and AIN
composites for light-emitting devices [3]. AIN is also a potential candidate for use in the fabrication
of blue-violet light emitting diodes, short wavelength lasers, and ultraviolet light detectors [4].
Furthermore, AIN also has been used as buffer layer for the growth of gallium nitride [5). AIN has
aftracted much attention because of its wide direct-band gap of 6.2 eV, high thermal conductivity
(320 W/m-K), high electric resistivity (10'*Q) [6], good insulator (>10"'Q), large hardness [7], high
chemical and thermal stabilities, high breakdown dielectric strength and high surface acoustic wave
velocity [8].

A variety of deposition methods have been reported for the growth of AIN thin film such as
metal-organic chemical vapor deposition [9], radio-frequency sputtering [10], pulsed laser
deposition [11] and molecular beam epitaxy [12]. The preparation of the AIN thin film by using the
methods mentioned above is high in cost and involved in complicated setup. Thus, sol gel spin
coating method was explored due to its low cost and easy to handle compared to other methods.
Despite the simplicity of the method, relatively little work has been done on the growth of AIN thin
film using spin coating method.

In this study, an AIN thin film was deposited on n-type Si (100) substrate by spin coating methed
followed by the nitridation process. The surface morphology and structural properties of the thin
film were investigated by field-emission scanning electron microscope (FESEM), energy dispersive
X-ray (EDX), atomic force microscopy (AFM), and X-ray diffraction (XRD); while the optical
properties of the deposited thin film were determined by using Fourier transform infrared (FTIR)
spectrometer.

Experimental detail

As a starting material, aluminium nitrate hydrate powder was used, Ethanol and diethanolamine
were used as solvent and stabilizer, respectively. First, aluminium nitrate hydrate powder was
dissolved in the ethanol and DEA solution at room temperature. The precursor was stirred to yield a
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clear and homogeneous solution, which served as the coating solution. The prepared solution was
spit-coated on the atmospheric plasma treated n-type Si(100) substrate which was rotated at 3000
rpm for 30 s. Then, the film was soft baked on the hot plate at 60 for few minutes, The spin-coating
and soft baked were repeated a few times to achieve film with the desired thickness. The thin film
was inserted to @ furnace and annealed at 950°C for two hours under nitrogen ambient. After the
annealing process, the film was nitridated in the tube furnace at 1100°C for one hour under
ammonia (NH;z) ambient. The flow of the NH; gas was set at 500 sccm. After the completion of the
reaction, the furnace was allowed to cool down naturally to room temperature. During the cooling
process, nitrogen gas was flowed in order to flush out the excess NH;.

The surface morphology of the thin film was examined by FE-SEM (FESEM, Mode! FEI Nova
NanoSEM 450) and AFM (Dimension EDGE, BRUKER). The EDX (NOVA NANO SEM450)
which attached to the FE-SEM system was used to identify the elemental composition of the
deposited thin film. Whereas the structural properties of the thin film were investigated by XRD
(PANatytical X'Pert Pro MRD) with a Cu-ka radiation source (A=1.54064). The optical properties
of the deposited thin film were determined by using FTIR spectrometer (Spectrum GXFT-IR,
Perkin-Elmer).

Results and discussions

Fig. 1(a) shows the FESEM image of the deposited AIN thin film on n-Si (100) substrate
captured at high magnifications (x200k). It can be observed from the FESEM image that the surface
of the AIN thin film is smooth with fine grain. These results are correlated with the AFM results.
The cross-sectionat view of the FESEM image is shown in Fig. 1(b). It can be observed that the-
AN thin film with an average thickness of approximately 0.595 um was formed on the Si (100)
substrate. Fig. 1(c) shows the AFM image of the deposited AIN thin film on n-Si (100) substrate.
The AFM scans area was Sumx5um. The image shows that smooth and dense grain AIN thin film
with the root mean square (RMS ) surface roughness of 2.26 nm was formed.

5.3 nm

4.3 nm

Figure 1 {a) Plan-view FESEM image captt at magnification of 200K, (b) cross-sectional FESEM image, and (¢)
AFM image of the deposited AIN thin film on n-Si(100) substrate.

Fig. 2 shows the EDX spectrum for the AIN thin film deposited on n-Si (100) substrate. EDX
indicates that the thin film consists of aluminium, nitrogen, silicon and oxygen. The presence of the
oxygen in the deposited thin film is associated to the common contamination of AIN in non-
equilibrium growth techniques such as spin coating {13]). Fig. 3 shows the XRD spectrum of AIN
thin film deposited on n-Si (100) substrate and bare Si. No peak was shown on the XRD spectra due
to few factors such as the thickness of the AIN thin film is thin and it do not reach the critical
thickness for XRD measurement [14]. The peaks that appeared in the XRD spectra come from Si
substrate. Nevertheless, the AIN thin film successfully grown on Si substrate and it can be
confirmed in the FTIR graph.
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Abstract.

In this work, room temperature p-polarized infrared attenuated total reflection (ATR) sp opy was employed to

investigate the SPP characteristics of ALIn; N thin films: Commercial Al In;./N thin films silicon car\nds (6H-SlC)
substrate-with different Al compositions. (0.8 < x < 1.0) were uscd. All thc ATR spectra exhibit two strong absorption
dips corresponding to the: SPP mede ‘of the Al In, N epilayer and the interface phonon polanton mode of AlIn,.
N/GH-SIiC. The results also revealed that the SPP mode of the AlLTn, N thin: films was shifted towards bigher

frequency as the Al composition was increased. Overal, the obtained SPP modes were in reasonable agrecmcnt with

the resuits derived from the theoretical model.

Keywords: AlInN, Temary alloy, Astenuated total reflection, Surface phonon polariton

Introduction ‘

1lI-nitride’ semiconductor ternary alloys, in particularly aluminium mdlum nitride (AlInN) alloys havc am'acwd
considerable attention from the rescarch community. This is mainly due o' its unique ‘property of tuneable encrgy

band gap fromi ‘near-infrared to. wtraiiolet region (Wu; 2009). Conisequently, ALInN-b ag
for various electronic and optoelectsomc devwes such as lxght—emmmg dwdq‘and laser dmdc

In spite of the-great potcm:al of this senuconducmr it has received less aftention as compared fo its- fannly
members (i.e., GaN, AlN, AlGaN, an&lnG'aN) This:is mnmiy ‘due to fhe d.lﬁculty to grow.good quahty AlInN thin

films (Matsuoka, 1997), Aot:ordmg to Yoshida et-al, (2007); the: différénce between the lattice cofistants of AN
is 13.5%. Consequently, there is a strong-immiscibility and, large: differencesin. optirum growth temperamres for, ’

this temary alloy.”Since’ high- quality’ AllnN. samples: are not” \mdsly available, ‘most of its basic pmpemas still*
remains unknown. ‘For instance, the characteristics and- behaviour of its surt'ase .phonon polanton (SPP) still'remains-
unclear. Until now, there are very fow theoretical studiés devoted to the SPP ‘properties of wurtzite: -AlINN (061 et’al,,-
2011; Yew et al,, 2013). While there'is no cxpmmental’work on the SPP charactenshcs ofthc AllnN has yet bcen
rcpurted

Gcncrally, SPP is a mixed elecfromagnctic mode that resulted; from the-coupling of an. infrared :(IR). photor

under transverse magnetic (TM or p-polarization) field with the surfaoc phogion localized near the surface of & polar
crystal. This coupling: information has'been ytilized in various applmanons ‘such as surface-enhanced IR absorpuon_
spectroscopy (Kim and Cheng, :2010), I‘hmno-photu Mtaic system. (anmeur Mengty, and Vullon, 011), ‘and
reflection-type sensor in the mid-IR region (Balin:et al] 2009). Thzrcfote, & detailed study s’ essenual for
understanding the SPP properties of AlI.nN

In year 2011, Ooi et 2!, conducted theoretical studlcs of the SPP in Al.[nN ternary alloy. A linear mterpolatmn of
dielectric. functmn -was used. Tl'helrmsnlts revealed tl:at the. SPP mnd: of thn HnN r.xhzb:ts a, mixed:

another- theorcﬂca! studies on the opti.ca] J:hamn and. SPP- of AlInN (Yew etal, 2013) Theorehcal approach based'

on modified lement iso-disp (MREI) ‘model and Bomn-Huang procediire 'was sued, 'nnough ‘this
approach, more accurate. information, ahout ihe cumpos\tmn d:pendence of the lungtmdmal and transverse ophcnl
. phonon frequencies as well ‘s the dielectric-function of the AllnN alloy were determined. We found thnrbuth ‘the

15

‘(Specuum GXFOR, Eetkm—El.mer).
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optical phonons and the SPP modes of AlInN demonstrate mixed-mode behaviour in the whole Al composition
In this waork, the SPP characteristics of AlJn;,N thin films with different Al compositions (0.8 < x < 1.0) were

investigated. For the experimental study, p-polarized IR attenuated total reflection (ATR) method was used. The
obtained results were compared to that theoretical results obtained in our previous studied (Yew et al,, 2013),

Experimental details

Undoped wurtzite structure Al Iny N thin fdms with different Al compositions (x'= 0,80, 0.85, 0.90, and 1.00) from
NOVAGAN, Smtzerland. were used. All the Alfn N epilayers were grown on’ two-sldes pohshed silicon carbide
(6H-SiC) substrate with the crystallographic e-axis along the. growth direction (¢u, |f z). For the growth of AlIn, N
(= 0,80, 0.85 and 0.50) epilayers, a relatively thin nucleation layer of AIN was used. The thickness of the ALIn N
epilayers and the AIN nucleation layer is:about 500 nm and 60 nm, respectively. *

To access the SPP characteristics of the thin films, p-polarized TR ATR measurements with Otto configuration
were carried out. The schematic representation of the experiment setup 1s shown in Figure 1.

Evancicent wave

ind&m' w (mm " Reflected
oradisten - radhl:lmi

Figure 1. Scﬁcmat;n:dialgram'forﬁw pipolarized IR ATR mca'suren‘mn‘t‘s; with Otto cpqﬂguraﬁon

Allthe measuremerits- were congdicted under room temperature using Founer trmsform IR spectromctcr i
[an opt\onal smgle-tcﬂacnon dmmami AT accessory (Gladi TR, PIKE

n,,{,,,,, is 2.4, The ATR spectra wére oquu'ed inthe spectral mnge from. 400 to. !200 cm” The spectra! rcsolutnon wes
&m™" and the numbef of scans Was 16~
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08A184 PEDB331CG192
Characterization of Annealing Temperatures for Surface Functionalization of Reduced Grapheae
QOxide (RGO} Anodic Films for hnpruwd Biophotovoltaic (BPV) Appllcallons
Siti Aisyah Ibrahim', Fong-Lee Ng™?, Mulmmumd Musoddiq Jaafar' , Kamran Yunus®, Adrian C.
Fisher*, Sicw-Moi Phang™, Vengadesh Periasamy!
| e Dhmatsionat Matowials Research Contre (LDMRC), Depannient of Physics, Universily of Malaya, 50603 Kuala Lumpur
*Instezone of Ocvan and Earth Saicoves HOES ), U ty of Malaya, 50603 Kuala Lumpur
lmmu.; of Bivlogical Sciences, Faculty of Sticace, University ol Mataya, 50603 Kuala Lumpur, Malaysia

re of Rescarch fur Elcirochentical, Scionce and Techaulugy (CREST), D of Chemical Engincesing and
Ihuluhaukug\ Univeesity of Cambridge, New Museums Site, Pembroke Strect, CB2 SRA Cambridpe
Tel: +6037Y67038; Fax: +6079674146: E-mail: vungadeshp@uim.cdu.my
Abstract - [n recent times, synthetic photosynthesis huve been demonstrated to show possible utilization
as a renewable energy source. In particluar, photosynthetic algue biofilms on conventional indivm tin
oxide (ITO) clectrodes were interrogated clectrically for its power output, In this work, reduced
graphene oxide (rGO) deposited using the Langmuir-Blodgett (LB) method were used instead of the
ITO anode. 6 laycrs of rGO were deposited on a clean quartz substrate prior to the algac growth,
Chloreila sp. for bivphotovoltaic (BPV) measurements, However, adhesion of prior depostions of /GO
films following subscq transfors ¢ ble and peel off with the presenee of water
molecules upon dipping into the subphase. The current investigation improves adhesion upon
introduction of anncaling process in vacuum between depostion of cach Tuyers. To characterize the
multilayer films fabricated, ditferent temperatures were applied (200°C, 250°C, 300°C, 350°C and
400°C} and the clectron transport propertics of the biofilms studicd by means of spectrocopic, structural
and electrical studics. The results gencrally highlights the potential of multilayer rGO anudes as
potential candid for impl jon in algac-fucl cells (algac-FCs) promoting improved algac
growth, adhesion and photosynthesis yicld as an outcome of higher charge mobilty.
Keywords - Tempuratune Variation, Reduced Grapheoe Oxide. Langmuir-Blodgett, Bio-photovoliaic, Algac-fuel cells
PACS: K1
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lnnuence of Force Constant on Surface I’Immm Polariton Prupt.rhes of Cubic ZnS,,,Se, Crystals
P. Yew!, 8. C.Lee'**, S, S.Ng', T. L. Yoon' and H. Abu Hussan'

!Nano- ) i I{w.arch and Technalogy Laboratory, Schout of Physics, Universiti Sains Malaysia, 11800, Pevang,
Malaysia.

zl‘,lcp:nnwn( of Physits, Faculy of Science, Universily of Mataya, 50603 Kuala Lumpur, Malaysia.

Tel: +(604)653 5325 Fax: +(604)657 $150; E-mail: saichvongle86@yahoo.com

Abastract - In this paper, the atteotion is primarily focused on the influence of force constant on surface
phonon polariton (SPF) propertics of cubic ZnS,.,Sc, mixed crystals. Two different force constants
were used, i.c., one considers only the first rearcst neighbour interactions and another considers up lo
the second ncarcst ncighbour intcractions. For the theorctical modelling, modificd rundom clement
isodisplacement (MREI) modct and Bom Huang procedure were uscd. The results revealed that the
sccand ncarcst neighbour iatcractions assumplion gives significant impuct on composition dependence
of optical phonon spectra, in which it can produce theoretical results closer to experimental data. Duc to
the dependence of SPP on uptical phonon modes, it is expeeted that the SPP propertics of ternary mixed
crystal are also sensitive to the force constant. The SPP dispersion curves arc calculated for both of the
end member binary crystuls (x = @ and 1) and mixed crystal with composition x = 0.3, 0.5, and 0.8,
Finally, implication of the theoretical results on relevant experiment is discussed.

Keywonds MREL forey constani, optical phunan, surface phonon polariton,

PACS: 68.35.a. 61.66.Dk, 63.20.D-
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WO, Nanofibers Gas Sensor

L.S. Chush', Z. Hassan®

'Physics Section, Schout uf Pistascs Education, Univeniti Sains Malaysia, 11800 'enang, Malaysia.

Sehout of Physivs, Universits Sains Malaysia, 11800 Minden, I'nang, Malaysia.

Email: chuahleesiang @ yahoa.com

Abstract - Tungsten oxide (WO3) is a famous n-type semiconductor with a low band gap of 2.6 eV thut
has been used not only in catalytic/photocatalytic, electrochromic application but also in solid statc
gas scnsors.  The number of rescarch publications where tungsten oxide is used for gas sensing
upplications has increased dramatically during recent years Ieading this material to be the second most
studicd metal oxide sensor for gas semsing applications after SnO,. In this study of sensors, metal-
semiconductor (MS) Schattky contacts using palladium on WO; nanofibers have been successfully
fabeicated. The metal Pt were deposited by sputtering method through metat mask. The source gascs 2%
H; (balance N;) was used. Data was obtained by Keithley I-V Sch ic diag for gas
SCNSOrs MeasureInent.
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properties of indium oxide thin film prepared by sol-gel metbod
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GROWTH VERTICAL ALIGNED OF NiSi/SiC CORE-SHELL NANOWIRES BY HWCVD

Boon Tong Goh, Najwa Homzan, Nur Fatin Farkanah Nazarudin, Farah Nadiah Nordin,
Seadah Abdul Rahman

Low Dimensional Materials Research Cenre (LDMRC), Department of Physics, Faculty of Science,
University of Malaya, 50603 Kuala Lumpur, Malaysia
*baontong77@yahoo.com

NiS¥/SiC core-shell nanowires grown on crystal silicon substrates by hot-wire chemical vapour
deposition were studied. The growth of these core-shell nanowires were catalyzed by Ni nanoparticles
{with sizes in between 18 and 33 nm) and assisted by a thermal jrradiation of the hot-filament at
temperatuze -above 1800°C. These core-shell nanowires were found to be grown at substrate
temperature above 300°C. The nanowires consisted of single crystalline NiSi and amorphous SiC as
core and shell of the nanowires, respectively. Increase of the subsirate temperature enhances the
growth of high density well aligned nanowires. Presence of nano-crystallites embedded within the
amorphous SiC matrix in the shell exhibits broad phototumi (PL) emission spectra in visible
and near infrared region. Furthermore, the high density well aligned panowires significantly
suppressed the PL emission due to the oxygen related defects. The effects of the substrate temperature
on the structural and optical properties of the core-shell nanowires are discussed.

POLARIZED INFRARED RESTSTRAHLEN FEATURES OF WURTZITE
InGaN THIN FILM

Pauline Yew™, Lee Sai Cheong', Ng Sha Shiong', Yoon Tiem Leong’, Haslan Abu Hassan'
& Chen Wei Li*

! Nano-Optoelectronics Research and Technology Laboratory, School of Physics,
Universiti Sains Malaysia, 11800 Minden, Penang, Malaysia.
2 Department of Electronic Engineering, National Changhua University of Education,
500 Taiwan, RQC.
*paulinevcu@hotmail.com

Polarized infrared (IR) reflectance measurement was carried out to investigate the optical phonon
modes of wurtzite structure InessGas.uN thin film grown by molecular beam epitaxy. Composition
dependence of IR reststrablen features was observed. Theoretical polarized IR reflectance spectra
were simulated using the standard multilayer optics technique with a multioscillator dielectric
function model. By obtaining the best fit of experimental and theoretical spectra, the Britlouin zone
center E, optical phonon modes together with the dielectric constant, layer thickness, free carriers
concentration and mobility were extractéd non-destructively. The extracted E, optical phonon modes
were compared with those generated from Modified Random Element Isodisplacement model,
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Zinc Oxide Microrod and Poly(3-Dodecylthiophene) with Melastoma
Mezlabathricum Dye for Hybrid Solar Cell
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)

Fabrication of Novel Spinel Oxide ZnV,04 Nanostructures and their
Energy Storage Properties
Faheem K. Butt
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Kelimah Anak Elong

PG-4

45
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Characterizations of MWCNTs Purified by HNO3:HCI Treatment
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STEP-BY-STEP APPROACH ON GROWING ZINC OXIDE NANOSTRUCTURE USING
LOW COST SPIN COATING AND IMMERSION METHOD

Nur Afigah Mokammad Suhaimi®and Sulrecen Hana Herman®

'Nano-ElecTronic Centre, Universiti Teknologi MARA, 40450 Shah Alam, Selangor
*Core of Frontier Materials & Industry Applications, Universiti Teknologi MARA,
40450 Shah Alam, Setangor
*afiqabjuhanams@yahoo.com

El ic d such as semicond and capacitor have gonc through numerous improvement
before they become as cfficient as they are now. Interest of scientists now lies on fabrication of
nanostructure based electronic devices because nano-scale devices have shown better performance

mpared to ional devices. This research focuses on casy and low cost technique to grow
nanostructure zinc oxide to save time, energy and money. There are many materials available but zinc
oxide has good quality to be use in clectronic device as it has wide band gap and shows excellent
electrical properties. Spin coater was used to deposit zinc oxide thin film which act as secd layer, a
layer on which the nanostructure will start to growth. Then immersion method was applied on the
deposited zinc oxide seed layer to grow zinc oxide nano . Field emissi ing eleciron
microscopy (FESEM) was used to identify the gwoth nanostructure and images obtained shows that
the growth is significant. To prove that the growth nanostructure give effects to its performance, a-test
on its ability to detect pH was done. The zinc oxide nanostructure samiple was used as the gate
(sensing membranc) for an EGFET pH sensor and its sensitivity was compared to sensitivity of a bare
zinc oxide thin film. The results shows that nanostructure zinc oxide sample has higher sensitivity.
Hence it can be concluded that low cost but high performance zinc oxide nanostructure can be
successfully fabricated using this method.

'Nano-Optoelectronics Research and Technology Laboratory, School of Physics,
Universiti Sains Malaysia, 11800 Minden, Pcnang, Malaysia,
*annanur252@yahoo.com

This paper reports the growth and charactevization of aluminium nitride (AIN) thin film deposited on
n-type silicon [n-Si(100)] using a versatile and cost ¢ffective imethod namely spin coating method.
The main focus is on the effects of annealing temperature on the structural, surface morphological and
optical properties of the deposited AIN thin films. For the precursor preparation, the main ingredient
of aluminfum nitrate hydrate was dissolved with an organic salvent. Subsequently, the precursor was
sprung on the atmospheric plasma treated n-Si(100) substrate, The nitridation process was carried out
on the deposited coating at 1100°C for 1 hour. Prior to the nitridation process, the deposited films
were subjected to various annealing temperatures, The surface morphology and structural properties
of the thin film were investigated by ficld-emission scanning cicctron microscope, atomic force

i py energy, dispersive X-ray sp py and X-ray diffraction; while the optical properties
of the deposited thin film was determined by using Fourier transform infrared spectrometer.
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Abstracts: This paper reports the growth and characterization of aluminum nitride (AIN} thin film
deposited on n-type silicon [n-Si(100)] using a versatile and cost effective method namely spin
coating. The work focuses on the effects of annealing temperature on the structural, surface
morphological and optical properties of the deposited AIN thin films. For the precursor preparation,
the main ingredient of aluminum nitrate hydrate was dissolved with an organic solvent.
Subsequently, the precursor was sprung onto the atmospheric plasma treated n-Si(100) substrate.
The nitridation process was carried out on the deposited coating at 1100°C for one hour. Prior to the
nitridation process, the deposited films were subjected to various annealing temperatures. The
optical ‘properties of the deposited thin film were determined by using Fourier transform infrared
spectrometer. The structural properties and surface morphology of the thin film were investigated
by X-ray diffraction, ficld-emission scanning electron microscope; energy dispersion X-rays
spectroscopy and atomic force microscopy.

Introduction

In recent years, aluminum nitride (AIN) thin films are becoming more popular semiconductor
in a wide variety of applications such as potential dielectric and passivation layer for gallium
arsenide (GaAs) devices, heat sink in electronic packaging applications, component of surface
acoustic wave devices [1], and optical coating for spacecraft components [2]. In addition, AIN helps
to extend the lifetime of moving mechanical components due to its potential as a wear-resistant hard
coating. Besides, AIN thin films are attractive materials for the application as high temperature
microelectronic and optoelectronic devices due to its unique properties such as wide band gap (6.2
€V) [3] and high acoustic velocity [4].

Moreover, AIN also possesses some unique properties like moderately high electromechanicai
coupling coefficient [5], high temperature stability, high resistivity, high dielectric constant [6] and
low coefficient of thermal expansion. High heat dissipation of AIN can significantly enhance
lifetime and efficiency of semiconductor devices. Furthermore, its lattice matching is near to that of
silicon and thus less stress is expected to be generated at the AIN/silicon interface. Owing to these
properties, AIN films have received a great interest as an electronic material for thermal dissipation,
dielectric and passivation layers for integrated circuits, acoustic devices, resonators and
optoelectronic devices [7].

From the past, different techniques have been used to grow AIN thin films. These include
molecular beam epitaxy, chemical vapor deposition, radio frequency or direct current sputtering [8,
9], pulsed laser deposition [10] and spin coating [11]. In this project, spin coating method has been
chosen for the growth of AIN thin films. Spin coating is a simple technique requires considerably

less equipment and is potentially less expensive [12] compared to the conventional thin film growth
methods as stated above. In general, the annealing temperature is an extremely important growth
parameter in influencing the crystal strycture of the crystalline material. In this study, AIN thin
films were deposited on n-Si (100) substrate by spin coating method followed by the nitridation
process prior to the nitridation process, the deposited films were subjected to various annealing
temperatures from 250°C to 850°C. The optical properties of the deposited thin films were
determined by using Fourier transform infrared (FTIR) spectrometer; and while the structural and
surface morphology properties of the thin films were investigated by X-rays diffraction (XRD),
field-emission scanning electron microscope (FESEM), energy dispersive X-rays spectroscopy
(EDX) and atomic force microscopy (AFM).

Experimental Detail

Aluminum nitride thin films were deposited onto n-Si (100) substrates by using the spin
coating method. Aluminum nitrate hydrate powder was chosen as a starting material. Ethanol and
diethanolamine (DEA) were used as solvent and stabilizer, respectively. First, aluminum nitrate
hydrate powder was dissolved in the ethanol and DEA solution at room temperature. The precursor
was stirred to yield a clear and homogeneous solution, which served as the coating solution. The n-
Si (100) substrate was treated with atmospheric plasma prior to the spin coating process. Later, the
prepared solution was spin-coated on to the substrate and rotated at 3000 rpm for 30 s. Then, the
fitm was dried through soft baked process on a hot plate at 60°C for a few minutes. Both the spin-
coating and soft baked processes were repeated for a few times to achieve the desired total
thickness. The thin film was inserted into a furnace and annealed at various annealing temperatures
from 250°C to 850 °C for two hours. After the annealing process, the films werenitridated in a tube
furnace at 1100°C for one hour under a flow of ammonia (NH;3) gas at 500 sccm. After the
completion of the reaction, the furnace was allowed to cool down naturally to room temperature.
During the cooling process, nitrogen gas was flowing into the tube in order to flush out the excess
NHa.

The optical properties of the deposited thin films were determined by using a FTIR
spectrometer (Spectrum GXFT-IR, Perkin-Elmer) whereas the structural properties of the thin films
were investigated by XRD (PANalyticalXPert Pro MRD) with a Cu-ke; radiation source
(A=1.5406A). The surface morphology and elementary analysis the thin films were examined by
FE-SEM, AFM (Dimension EDGE, BRUKER) and EDX (NOVA NANO SEM450).

Result and Discussion

FTIR is an effective technique to investigate the characteristic vibrational modes of the lattice
[13]. Fig. I depicts FTIR reflectance spectra for AIN thin films deposited on Si (100) substrates
with different annealing temperatures over the entire range from 400 to 7000 cm™. It is observed
that the optical phonon corresponds to the E(TO) of the AIN located at approximately 695 cm™,
696 cm’™, 680 cm™ and 692 cm™ for annealing temperatures at 250 °C, 450 °C, 650 °C and 850 °C,
respectively. Obviously, the peak E (TO) shifted towards higher wave number after annealed at all
different temperatures, but these peaks are quite close to the characteristic value of AIN at 670 cm”
[14]. The strongest AIN peak was observed for the filin annealed at 650 °C. As compared to the
reported values, it was found that the detected E(TO) and A(LO) modes display an upward
frequency shift of 10 cm™ and 20 em™, respectively. This was most probably associated with the
crystalline quality of the deposited thin film, The high frequency shifts of the A,(LO) mode was
attributed to the longitudinal phonon-plasmon coupling effect [15). This phenomenon was most
likely induced by the unintentionally doped carriers in the AIN thin film using present technique
[16].
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attempts have been made to deposited aluminium nitride (AIN) thin film by using sputtering
hod on flexible substrates. Deposition of AIN thin film on kapton film can potentially be used for
pment of flexible electronics and lab-on-chip systems. In this study, AIN thin films grown on
kapion film using radio-frequency spustering method were explored. The AIN thin films were
ted by reactive RF sputtering of a purc aluminium target (99.999%), in an argon and nitrogen
re. The surfacc morphology and structural properiies of the deposited thin films were
ted by field-cmission scanning clectron microscope; atomic force microscopy energy,
sive X-ray spectroscopy and X-ray diffraction; while the optical propertics of the deposited thin
wese determined by using Fourier transform infrarcd spectrometer and Raman spectrometer.

CESS ING AND PROPERTIES OF RECYCLED COLOURLESS SODA-LIME-SILICA
GLASSES CONTAINING ZnQ, PbO AND ALO;

Sidek Ab Aziz*, Mohd Hafiz Mohd Zaid, Khamirul Aetin Matort,
Sisi Syuhaida Abdul Rashid, Nuraidayani Effendy & Nadiak Shahirah Shahidan

 Ceramic and Composites Research Group, Depariment of Physics, Faculty of Science
Universiti Putra Malaysia, 43400 UPM Scrdang, Sclangor, Malaysia
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geports the preparation of recycled colorless soda-lime-silicate glass (SLS) containing
d ALO; via rapid melt quenching technique. SLS glasscs have been known for their high

ses, good and plable mechanical and chemical properlies, Also, they have been
p-sensitive dosimeter, especially glasses doped with transition metal ions or rare earth
es are altraclive materials for the fabrication of low cost integrated optical amplifiers,
ercial tablewate and sheer glasses. To understand the role of such oxides in this SLS
. the density and molar volume of each plass scries were extensively studied. The
each glass serics were determined by the Archimedes method with acctone as buoyant
molar volume was computed from the molecular weight (M) and density (p). To
phous state, the X-ray diffraction analysis was carried out for each glass sample by
er-controlied X’pert Pro Panalytical system. The chemical composition of the cach
determined using the Energy Dispersive X-ray Fluorescence (EDXRF). The results
pmsities of the glass samples increased as the Zn0O, PbQ and Al O; weight percentage
wr volume of the each glass series shows the same iendency as the density: the
d as the ZnO, PbO and AlO; contents are added into the SLS glass networks.
ities and molar mass of each glass series is mainly ascribable to their molecular
tDIS.
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Absteact: Many attempts have been made to deposited aluminium nitride (AIN) thin film by
using sputtering method on flexible substrates. Deposition of AIN thin film on kapton film
can potentially be used for development of flexible electronics and lab-on-chip systems. In
this study, AIN thin films grown on the kapton film using radio-frequency sputtering method
were explored. The AIN thin films were deposited by reactive RF sputtering of a pure
aluminium target (99.999%), in an argon and nitrogen atmosphere. The structural and surface
morphology properties of the deposited thin films were investigated by X-ray diffraction ,
field-emission scanning electron microscope and dispersive X-ray spectroscopy; while the
optical properties of the deposited thin fitms were determined by using Fourier transform
infrared spectrometer.

Introduction

Aluminium nitride {AIN) have attracted great interest because of their appealing
properties with a wide band gap (6.2eV), high hardness and high thermal conductivity [1].
Moreover, AIN also possesses properties like high resistivity, excellent chemical stability and
low dietectric constant [2]. AIN films have received considerable interest as promising
candidates in electronic materials for thermal dissipation, dielectric and passivation layers
[3]. Its ultrahigh band-gap makes AIN an especially key material for applications in the
microelectronic and optoelectronic devices such as ultraviolet detector, light emitting diodes,
thermal conductor, buffer layer for GaN and ZnO due to the same wurtzite crystal structure
and close lattice parameter [4] and piezoelectric materials in surface acoustic wave devices
[5]. In addition to this, thermal and chemical stabitity of AIN films make it suitable for
applications in difficult environment.

There are many techniques for growing AIN films on various substrates, such as metal
organic chemical vapor deposition [6], plasma-assisted molecular beam epitaxy [7], pulsed
laser deposition [8], and RF reactive sputtering [9]. The flexible substrates such as kapton
films that have advantages over those on rigid substrates as they are robust, light weight, low
cost and are able to absorb mechanical stress. However, growth of AIN on flexible substrates
is very different from that on rigid substrates due to temperature limitations, differences in
thermal expansion coefficient, and amorphous state of the polymer substrates, thus presenting
a technological challenge to depesit high-quality AIN films on flexible substrates [10].
Although some effort has been made to fabricate AIN thin film-based devices on polymer
substrates, the research is at a very early stage.

In this paper, the AIN films were deposited on Kapton polymide film substrates by RF
reactive sputtering, The the structural and surface morphology properties of the deposited
thin films were determined by using by X-rays diffraction (XRD), ficld-emission scanning
electron microscope (FESEM) and energy dispersive X-rays spectroscopy (EDX) and while
optical properties of the thin films were investigated Fourier transform infrared (FTIR)
spectrometer.

Experimental Details

The AIN thin films were prepared by RF reactive magnetron sputtering from an
aluminum target of 99.99% purity in high purity argon and nitrogen gas mixture. AIN films
were deposited onto Kapton polymide film at room temperature (RT) and substrate
temperature at 200 °C. The base pressure in the reactor chamber was less than 2x10” Pa. The
applied power was kept constant at 250 W and working pressure was 8.12x107 Pa. The
deposition parameters of AIN films are summarized in Table 1. The structural properties of
the thin films were investigated by XRD (PANalyticalX'Pert Pro MRD) with a Cu-ka,
radiation source (A=1.5406A) whereas the surface morphology and elementary analysis the
thin films were examined by FE-SEM and EDX (NOVA NANO SEM450). The optical
properties of the deposited thin films were determined by using a FTIR spectrometer
(Spectrum GXFT-IR, Perkin-Elmer) .

Table 1 Deposition parameters of AIN films.

Al target (purity) 99.99%

RF power (W) 250

Base pressure Less than 2x10” Pa
Substrate Kapton polymide film
Working pressure 8.12x107Pa

Substrate temperature Room temperature, 200 "C

Results and Discussion

Fig. 1 shows XRD pattern of AIN films deposited on Kapton polymide films at room
temperature and 200 °C. For thin filmm deposited at room temperature only peak Kapton
polymide film was shown, It has been shown that, for sample at 200 °C, only the low
intensity (100) reflection of wurtzite hexagonal phase of AIN was found with an appreciable
amount of shift. This may be due to poor crystallinity of films with large amount of stress
present, probably due to the low deposition temperature and sputtering power,

Fig. 2 shows the FESEM images of the deposited AIN films at room temperature and 200
°C. Tt can be seen that at room temperature, the deposited AIN thin film showed a smooth and
uniform surface. With the increase of the substrate temperatures at 200 “C [Fig. 2(b}], its
exhibited densely packed grains. Besides that, it shows a pebble-like structure. A similar
morphology was also observed in other works [11]. In addition, the grain size increases
obviously. It is attributed to the improved surface mobility of the adatoms caused by
increasing the substrate temperature [2]. These images showed that the application of growth
temperature has a significant influence on the surface morphology of the synthesized films.,
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RADIO-FREQUENCY SPUTTERING GROWTH OF INDIUM NITRIDE THIN FILM ON
FLEXIBLE SUBSTRATE

yak Biid Osmin, Fong Chee Yong and Ng Sha Shiong

Neno -Optoelectronics Research and Technology Laboratory, School of Physics,
Universiti Sains Malaysia, 11800 Minden, Penang, Malaysia,
‘Lee_zhiyin2003@yahoo.com

The study signifies the radio-frequency (RF) sputiering growth and characterizations of indium nitride
(InN) thin films deposited on flexible substrate. A 3 inch diameter indium (In) sputtering target with
purity of 99.999% was used. To enhance the crystallinity of the as-preparcd samples, the heat
treatment under ammonia gas ambient was carried out. The structural and optical properties of both
the as-prepared and the treated samples were examined by using atomic force microscopy (AFM),
field-emission scanning electron microscopy (FESEM), X-ray diffraction (XRD) as well as Fourier
transform infrared (FTIR). All the results revealed that structural and optical propertics of the treated
sample were significantly improved as compared to the as-prepared sample.

EFFECT OF POST-DEPOSITION ANNEALING PROCESS ON THE pH SENSITIVITY OF
SPIN-COATED TITANIUM DIOXIDE THIN FILM

Rohanieza Abdul Rahman™, Sukreen Hana Herman' and Wan Fazlida Hanim Abdullak’

'NANO-ElecTronic Centre (NET), Faculty of Electrical Engineering, Universiti Teknologi MARA,
40450 Shah Alam, Selangor, Malaysia
jals & Industry Application, Universiti Teknologi MARA,
40450 Shah Alam, Sclangor, Malaysia
*Faculty of Electrical Engincering, Universiti Teknologi MARA, 40450, Shah Alam, Selangor
*rohanieza abdrahman@gmail com
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This paper presents an investigation on titzaium dioxide (TiO) thin film, which is used as sensing

membrane for Extended-Gate Field Effect Transistor (EGFET) for pH sensing application.TiO; thin

films were deposited using sol-gel spin coating method on indium tin oxide (ITO) substrates. After

the deposition, the thin films were annealed at 300 °C for 10 and 15 min, while another sample was

annealed at 400 °C for 1S min. The sensitivity measurement was taken using the EGFET setup

cquipment with coastant-current (L00 A} and constant-voltage (0.5 V) biasing interfacing circuit.

TiO; thin film as the pH-sensitive membranc and the working electrode, was connected to a

commercial metal-oxide semiconductor FET (MOSFET) . The MOSFET then was connected to the

interfacing circuit. The sensitivity of the TiO, thin film ds pH buffer solution was d by
dipping the seusing membrane in pH4, pH7 and pH10 buffer solution. For comparison, a sample of
bare-ITO was also tested to se¢ its scasitivity, We found that the TiO, thin film annealed at 400 °C for
15 min gave the highest sensitivity compared to other ling conditions and also compared to the
bare ITO substrate with the value of 44.30 pH/mV. This showed that TiO; thin film can be used for
pH sensing and the post-depositi treatment of the thin film can influence the sensing ability. We
also measured the TiO; thin films’ curent — voltage (I-V) characteristics. Relating the LV
characteristic of the thin films and sensitivity, the sensing membrane with higher conductivity gave
better sensitivity.




Radio-frequency Sputtering Growth of Indium Nitride Thin Film on
Flexible Substrate
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Abstract. The study signifies the radio-frequency (RF) sputtering growth and characterizations of
indium nitride (InN) thin films deposited on flexible substrate. A three-inch diameter indium (In)
sputtering target with purity of 99.999% was used. The deposition was carried out at room
temperature and with substrate temperature 200 °C. The surface morphology, structural and optical
properties of the deposited thin films were examined by using field-emission scanning electron
microscopy (FESEM), energy dispersive spectroscopy (EDS), X-ray diffraction (XRD) as well as
Fourier transform infrared spectroscopy (FTIR). All the results revealed that InN thin films have
been deposited successfully on the flexible substrates in the ratio argon and nitrogen atmosphere.

Introduction

The unique characteristics of III-nitride group compounds have attracted the research interest of
the researchers. Among the most challenging is indium nitride (InN), which has the properties
included high equilibrium nitrogen vapor pressure, difficult to prepare in stoichiometric form, large
lattice mismatch between the film and substrate, as well as the low dissociation temperature [1, 2].
The growth of InN thin film is strongly dependent on the growth parameters, and thus, the suitable
condition for the deposition is very stringent. Despite, researchers are working hard in finding a
promising method to grow good quality InN thin film owing to its unique properties and
applications. The corporation of InN and its alloys with gailium nitride and aluminium nitride has
allowed the extension of light emission from ultraviolet to infra-red region [3]. Besides, InN is a
potential [[I-nitride element to be involved in the development of high efficiency low cost solar cell,
laser diode and high frequency transistor operating at high power and temperature, as to improve the
conventional semiconductor technology. In addition, it has been used as a low resistivity layer that
assists ohmic contact formation to other wide band gap nitrides [4].

Various sophisticated growing methods included molecular beam epitaxy (MBE) and metal-
organic chemical vapor deposition (MOCVD) have been adopted to produce high quality InN thin
films [2, 5). It is surprisingly that the films as grown by these advanced growing methods exhibit the
low band gap energy at about 0.7 €V [6, 71. However, the mentioned deposition methods are
expensive and high maintenance cost. A relatively low cost technique yet effective technique,
namely radio-frequency (RF) sputtering has been suggested. In the past, most of the rescarches are
highlighted on the growth of InN thin films on silicon substrates [8, 9]. In recent, Amirhoseiny et al.
has performed the deposition of InN thin film on silicon substrate with various orientations as well
as etched substrate [10]. Besides, Qian et al. has successfully grown InN thin film on gallium
arsenide (111) substrate for the application as plasma filter [11}.

To date, there is still less research has been carried out on the use of flexible substrate. Despite,
the flexible substrate is becoming the preferred substrate for macroelectronic applications because
of the light weight, flexibility and low cost [12]. Zoita et al. has conducted a study by depositing
InN thin film on flexible substrate with an intermediate aluminium nitride nucleation layer by using

RF sputtering technique [13]. The work revealed that the high purity InN (002) with wurtzite
structure can be obtained in a nitrogen atmosphere at 0.6 Pa and 0.8 Pa. In present work, kapton
polyimide has been selected as the flexible substrate for the growth of InN thin films in the ratio
argon and nitrogen atmosphere by using RF sputtering method. The surface morphology, structurat
and optical properties of the deposited thin films are investigated through various characterization
techniques such as field-emission scanning electron microscopy, energy dispersive spectroscopy, X-
ray diffraction as well as Fourier transform infrared spectroscopy.

Experimental details

In this project, InN thin films were deposited by radio-frequency sputtering of a three-inch
diameter indium (In) sputtering target with the purity 99.99%% in argon (Ar) and nitrogen (N)
atmosphere. The kapton polyimide substrates were cleaned by ultrasonic agitation with ethanol for
15 minutes and later, rinsed with acetone as to remove the possible surface contamination before
putting in the substrate holder for deposition. Before the deposition process, the In target was
cleaned with a five minutes pre-sputter by Ar plasma. The RF power and gas ratio of Ar:N, gas
were kept at 50 W and 30:70, respectively. The growth processes were performed in the conditions
of room temperature and with substrate temperature at 200 °C. InN thin films with the thickness of
about 500 nm were deposited. Finally, various characterization techniques were carried out to
investigate the surface morphology, structural and optical propesties of the deposited thin films.

Results and discussion

The surface morphology, structural and optical properties of the deposited thin films by using RF
sputtering at room temperature and with substrate temperature 200 °C were investigated. Figure 1
illustrates the FESEM images of the deposited InN thin films on kapton polyimide substrates at
room temperature and with substrate temperature 200 °C. These images showed that the application
of growth temperature has a significant influence on the surface morphology of the synthesized
films. Although the surface of the film as deposited at room temperature exhibited densely packed
grains, it appeared to have inconsistent grain sizes; while the film as deposited at 200 °C appeared
to have smoother and consistent nanostructure.

Figure 1: FESEM images of InN thin films deposited on kapton polyimide substrates at (a) room
temperature and (b) with substrate temperature 200 °C.
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A STUDY OF AIN THIN FILM DEPOSITED ON SILICON: SUBSTRATE
BY SPIN COATING METHOD

NurFahana Mohd Am:n Fatin Ain Zatty Mansor', Sukma Nurhayati

Zulkifli*, Lee Zhi Y!n Fong Chee Yong', Ng Sha Shiong™
Nano-Optoelectronics Research and Technology Laboratory, ‘School of Physics, Umversm
Sains Malaysia, 11800 Minden, Penang, Malaysia.

*annanur252@yahco.com; *shashiong@yahoo.com

Abstract

Alyminium nitride (A.IN) was deposited on the atmospheric plasma treated n-type silicon-[n-8i
(100)] by using a versatile and cost effective method namely spin coating. Basically, the 1ow cost
spin coating technique which emphasized the production. of a thin and uniform film- on'a flat
substrate through a dilute solution is adopted. For the precursor preparation, the main ingredient
of aluminium nitrate hydrate was dissolved with ethanol and diethanolamine. The - prepared thin
film was annealed at 650°C for 1 hour. Then, thin film was nitridated under a constant flow of

highly pure ammonia for 1 hour at the temperature of 1100 °C. The surface morphology andv

structural properties of the. deposited thin film were .investigated by fi cld-emlssxon scanning
electron microscope, dispersive X-ray-spectroscopy and X-ray diffraction; while the. ‘optital
. properties of the deposited thin' film was determined by using ‘Fourier transform infrared
spectrometer. All the results revealed that AIN thin film was successfully deposited on n-5i (100)
substrate.

Keywords: AIN, Thin Film; Spin coating, Silicon. -

Introduction

Aluminum nitride, an Ifl-V family compound, has excellent combination of physical,
chemical, and mechanical properties. AIN- thin films have attracted great interest because of their
appealing properties such as a wide band gap (6.2 ¢V) [1]; high acoustic velocity [2] and high
thermal conductivity (320 W/m'K) [3]. Besides that, AIN also have high electrical resmtwlty
(10* €2 cm), high refrective index (1.9-2.1 for polycrystalline films), high. optical transmittance
and good chemical stability [3]. Because of these excellent properties, AIN thin filns have a
great potential for microelectronic devices [1] Apart_from that, AIN is a. group II=V
semiconductor wnh a large optical- band  gap, whlch rcndcrs it & promising- candldatc for:
applications in hlgh power/igh frequency devices 4], optoelectmmc -devices, surface acolistic
wave [5], optical devices and: insulating layers [6]. Morcover AIN also havc been used as buﬁ‘er
]aycr for the growth gallium -nitride {7] and zinc oxide.

Many studies have reported on the deposition of AIN thin film using molecular beam epitaxy
[8], pulsed laser deposition [9], dual ion beam.sputtering system [10],- metal—organic chemical
vapor.debos-ition["f} and radio-frequency sputtering [11]. However, the production cost prepared
by the above methods is relatively high and the setup is complicated although the quality of AIN.
thin films is good. Thus, sol gel spin coating method was explored due to its low cost and easy to
handle compared to above methods. Despite the simplicity of the method, less studies report on
the growth of AIN thin film deposited using the spin coating method.

In this study, AIN thin film was deposited-on n-type Si (100) substrate by spin coating
method followed by the nitridation process. The surface morphology and structural properties of
the thin film were investigated by ficld-emission scanning electron microscope (FESEM) energy
dispersive X-ray (EDX), atomic force microscopy (AFM), and X-ray diffraction (XRD), while
the optical ‘property deposited of the thin film was determined by using Fourier transform
infrared (FTIR) spectrocopy.

Experimental detail

Aluminium  nitrate hydratc powder . was used as a starting material: Ethanol and
diefhanolamine were used:as solvent and stabilizer, respectively. First, alummmm nitrate hydrate
powder was dlssolved in the ethanol and DEA solution at room temperature The precursor was
stirred to ylcld a clear and homogencous so[utlon, “which scrved as the coating solution” The
atmosphenc plasma wasused'to freat n-8i (100) substrate. The prepared solutlon was spin<coated:
on the substrate wluch was rotated at 3000 tpm for-30 s. Then, the: ﬁlm was soft ‘baked on-hot
plate-at 60°C for few minutes. The spin-coating and 'soft baked- prooesses were: repcated a few
times to achieve the dcstred total thlck_ness The thin film was inserted:to d furnaca and annealed'
at'650 =€ for two hOurs After the annealmg process, the filmwa iptldated in the‘ tube fumace at
1100 *¢ for onc “hour. Thc thin film was:heated under-a flow of ammonia: (Rﬂa ) Bas. After the’
completmn of the reactlon, thie furnace was, allowcd 10 cool down: natura[ly 1o room tcmpcrature
Dunng the coolmg process, nmogen gas was ﬂowed in order to flush out. the excess Ny,

The surface morpho]ogxes of the thin. film were examined by FE-SEM and EDX (NOVA
NANO SEM450), AFM. (Dunensmn EDGE, ‘BRUKER), whereas the su-uctural propérties of the,

~ thin film was mvestxgatcd by :XRD (PANalyticalX'Pert: Pro- MRD) with a Cu—fiug radiation -
source (A=1. 5406A) The- optical: property. of -the. deposited thin film was determinied by using
- FTIR spectrometer:(Spectrum GXFT-IR, Perkm-Elmer)
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COMPARATIVE STUDIES ON THE MORPHOLQGY AND DIELECTRIC: PR@PERT!ES OF NICKEL.~ |
ZINC FERRITE
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The diglectric pmperbes of nickel-zinc ferrites may be affected by the method of preparation and micro-
structural problems. kae{-ﬂnc ferrites were: prepared via conventional method and sol-gel method.
The sintered ferrites were characterized by )&-Ray Diffraction (XRD), Atomic Farce. Microscope (AFM)
and Agilent 4204A Precision Impedance Analyzer. The results showed that the dielsctric constant and
dielectric loss factor of -all samples are fréquericy and femperature dependent. Sol-gel method pro-
duced smaller grain sizes of sample and lower valie of the dislectric constant.

“THEORETIGAL STUDIES ON OPFTICAL PHONON AND SURFACE PHONON POLARITON OF
wumme AITNALLOYS »

:Tlem Leang 8 H Abu Haasan
o F Physics, Universiti Saing Malaysia, 11800 _

In he Tang wavelength limit, the: behavior of |
um nitride (AldniN) is studied with & theorstic
placement (MREI} modef aind, Born-Huang: piocedire. MRET model wiiich considers. the. Inferactions
between the- nearast nelghbor alomns is used. to predic’l the compcsmon dependence of. longftudmal
 (LO) and transverse (FO)- ﬁrptical phanon frequaneies The @sctliator strength and - vetric function

which. are the functions of phonon frequernicies dre obtained. For Aldny.N alioy, oscrﬂafor strength of ifs
weak mode is sufﬁctently stgn}ﬁcant to be congidered. Hence, AldniN is deduced to-exhibit two-mode
behavior. Dielectric functions for whole compesmon range (0 < x < 1) afe calculated” and dre used to
simulate charactenstlcs of surface phonon polarlton of the Al d nuN ailoys
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