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selected-area di�raction patterns through the employment of the Laue
curcle.

STRUCTURE AND OPTICAL CHARACTERISTICS OF AlN AND
AlGaN ALLOYS THIN FILMS. Janis Jansons, Maris Springis,
Ivar Tale, Aris Veispals, Institute of Solid State Physics, University of
Latvia, Riga, LATVIA; Hans-Joachim Fitting, Heinrich Stolz, Physics
Department, Rostock University, Rostock, GERMANY.

The AlGaN alloys hold promise for developing ultraviolet photo-
detectors, MESFET, MODFET, bipolar transistors, light-emitting
diodes and laser diodes. Native and introduced defects strongly
in
uence their optical and electronic properties. The optical properties
of mono crystalline AlN and AlGaN thin �lms grown by MOVPE on
saphire substrates were investigated by transmittance, re
ectance,
photoluminescence and cathodoluminescence measurements. Epitaxial
�lms were deposited in two step process, with a low temperature
bu�er layer. The structure of �lms was tested by X-ray di�raction and
scanning microscope techniques. The excitonic absorption edge of
AlGaN alloys continuously shifts from 3.43 eV to 6.2 eV by increase of
the Al content in alloy. An additional absorption slope, distinct from
the Urbach tail and caused by defects was observed even at Al
concentration of some percent. The structured absorption tail below
the band edge was detected in �lms ranging in Al concentration above
55%. The photoluminescence and cathodoluminescence spectra in the
whole Al concentration range are represented by exciton related
luminescence bands peaked close to the band gap. In �lms ranging in
Al concentration above 60% new luminescence bands peaking in
spectral range 2 - 4.5 eV occur. Introduction of oxygen in �lm results
in considerable increase of these luminescence bands. It can be
expected that principial presence of deep defects in AlGaN alloys at
high concentration of Al can be an important problem in development
of electronic and optoelectronic devices.

ANALYSIS OF STRUCTURAL PROPERTIES OF AlGaN
EPILAYER WITH VARIATION OF AlN MOLAR FRACTION.
Je Won Kim, Young K. Park, Seong-Il Kim and Yong Tae Kim, Korea
Institute of Science and Technology, Semiconductor Materials
Laboratory, Seoul, KOREA; In-Hoon Choi, Korea University, Dept of
Materials Science, Seoul, KOREA.

AlGaN alloy is a very attractive material to use in UV photo-
detectors, high electron mobility transistors, and �eld-e�ect
transistors, based on AlGaN/GaN heterostructures, holding promise
for high power and high-temperature electronics device applications.
In order to achieve the bandgap engineering in the heterostructures of
Al Ga N, it is essential to investigate the dependence of structural
properties of AlxGa1-xN as a function of AlN molar fraction (x) and
achieve the better control of AlN composition without a
compositional 
uctuation in depth of the epilayer. In this work, the
structural properties of Al Ga N epilayers grown on (0001)
sapphire by molecular beam epitaxy (MBE) with variation of AlN
molar fraction is characterized by Auger electron spectroscopy (AES)
and atomic force microscopy (AFM).

A THEORETICAL STUDY ON DOMAIN BOUNDARIES IN
EPITAXIAL WURTZITE GaN FILM. Shaoqing Wang, Hengqiang Ye,

Laboratory of Atomic Imaging of Solids, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang, PR CHINA.

GaN attracts extensive research interests both in science and in
industry for its potential use in the manufacture of photoelectric
devices. This paper reports our attempt for a molecular dynamics
study on various domain boundary structures in Wurtzite GaN. The
domain boundaries can be classi�ed into two types along 1-100 and
11-20 planes in Wurtzite GaN, respectively. Our research results
show that the domain formation energies of (1-100) and (11-20)
boundaries are signi�cantly di�erent. The latter ones have general
quite higher formation energies than the formers. All the like-atom
bonding domain boundaries have higher formation energies than their
counterparts of unlike-atom bonding domain boundaries in both of
GaN (1-100) and (11-20) interfaces. There will be more (1-100) rather
than (11-20) domain boundaries in Wurtzite GaN from the viewpoint
energetically. This conclusion is in accordance with the usual
experimental observations that most grain boundaries are (1-100)
boundaries. All the unlike-atom bonding domain boundaries can form
stable atom con�gurations. The atom positions are regular and
symmetrical at the boundaries. While most of the like-atom bonding
domain boundaries are unstable. The atom positions are irregular and
lack of symmetry at the boundaries. A simple way to di�er these
domain boundaries can be that the atomic images by unlike-atom
boundaries will be clearly distinguishable regular-arranged image
patterns while the images of like-atom boundaries will contain many
irregular patterns and be serious blurred by experiment of high-

resolution electron microscopy. We found one exceptional (1-100)
like-atom bonding boundary. Its domain formation energy is not quite
high. The boundary con�guration is stable and there is no serious
lattice distortion. It can not be easily observed by high-resolution
electron microscopy.

X-RAY PHOTOELECTRON SPECTROSCOPY EVALUATION OF
SURFACE CHEMICAL STATES OF GaN, InGaN AND AlGaN
HETEROEPITAXIAL THIN FILMS GROWN ON SAPPHIRE BY
MOCVD. K. Li, Institute of Materials Research and Engineering,
SINGAPORE; A.T.S. Wee, J. Lin, National Univ of Singapore, Dept
of Physics, SINGAPORE; Z.C. Feng, S.J. Chua, Institute of Materials
Research and Engineering, SINGAPORE.

The surface chemical states of MOCVD grown GaN, AlGaN and
InGaN, and the in
uence of di�erent dopants have been studied with
x-ray photoelectron spectroscopy (XPS). The results show that for
most of the samples the N 1s peak can be deconvoluted into a
dominant GaN peak at the binding energy of about 397.2 eV and a
small N-H peak at the binding energy of about 398.5 eV, while Ga 3d
can be deconvoluted into three peaks, ie, elemental Ga at 18.5 eV,
GaN at 19.7 eV, and Ga O at 20.4 eV. Si-doping appears to change
the surface oxidation property of GaN by causing a change of
intensities in the relative components of the Ga 3d peak. Compared
with Si doping, the in
uence of Mg-doping appears to be larger. In
addition to a change in the component intensities, Mg-doping also
causes the N 1s and Ga 3d peaks to broaden. The ternary AlGaN
sample shows the surface segregation of aluminum. For the undoped
InGaN, surface indium de�ciency is observed. Due possibly to trapped
N-H and Ga-CH intermediate species at grain boundaries, the Zn
doped InGaN sample shows a relatively larger N 1s peak at 398.78 eV
and an additional Ga 3d peak at 21.4 eV respectively.

FORMATION OF GALLIUM NITRIDE (GaN) TRANSITION
LAYER BY PLASMA IMMERSION ION IMPLANTATION AND
RAPID THERMAL ANNEALING. Dixon T.K. Kwok, Aaron H.P.
Ho, X.C. Zeng, Chung Chan and Paul K. Chu, Department of Physics
and Material Science, City University of Hong Kong, Hong Kong,
CHINA; S.P. Wong, Department of Electrical Engineering, Chinese

University of Hong Kong, Hong Kong, CHINA

Recent advances in the preparation of gallium nitride (GaN) and
related compounds have promised the commercial production of blue
semiconductor light emitting devices. Typical preparation of GaN
involves growing the materials on sapphire or silicon carbide using
metal-organic chemical vapor deposition (MOCVD). The lattice
mismatch between GaN and the substrate makes it di�cult to achieve
high quality crystal. In this work, we will describe a novel process to
synthesize a device-grade GaN bu�er layer by plasma immersion ion
implantation (PIII) of nitrogen ions into a III-V semiconductor
substrate followed by rapid thermal annealing. This thin surface layer
of GaN can then be used for either direct device fabrication or as a
lattice-matched template for further epitaxial growth of GaN. PIII
o�ers the advantage of high e�ciency and highly uniform beam
density over a large area, which are particularly important for
commercial and large wafer processing. PIII can be performed at low
energy implantation thereby favoring the formation of thin layers. We
will present our characterization results acquired by photolumines-
cence, Raman scattering, x-ray di�raction, Hall mobility and carrier
concentration measurements.
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INTERACTIONS, INTERDIFFUSION AND SEGREGATION IN
QUANTUM DOT ENSEMBLES. Rosa Leon, Jet Propulsion
Laboratory, California Institute of Technology, Pasadena, CA.

Statistically non-interacting quantum dot ensembles can be achieved
by raising surface energies during growth [1]. This also produces large
concentration variations in simultaneous growths of InGaAs quantum
dots (QDs) by step edge nucleation control on vicinal GaAs [001].
These QD surface density variations radically a�ect their optical
properties. Strong strain interactions between QDs in dense ensembles
are seen to blue-shift emission energies, narrow inter-sub-level
transition energies, shorten luminescence decay times for excited
states, and increase inhomogeneous photoluminescence broadening [2].
These e�ects are compared to recent results obtained in QDs after
InGaAs/GaAs interfacial compositional disordering [3]. Di�erent
















