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1. Optical properties of quantum confined Oxide
Semiconductors

(1) MOCVD growth of ZnO nanostructures and
ZnO/MgZnO quantum wells

Various ZnO nanostructures (nanorods, nanotubes and
nanowalls) were grown epitaxially by metal-organic chem-
ical vapor deposition (MOCVD) on Al,O3 (0001) sur-
faces without use of catalysts. By decreasing the reactor
pressure from 10 to 0.06 Torr, nanorods, nanotubes and
nanowalls were obtained succeedingly. The ZnO nanorods
had hexagonal cross sections with diameters of 100-500 nm.
The emission line width of a bound exciton was compara-
ble to that of ZnO bulk (<1 meV), indicating good optical
quality. From such nanorods, emission due to biexcitons
was observed up to 200 K under the excitation of a CW
He-Cd laser. The ZnO nanotubes were characterized by
hexagonal cross sections too. The tube density was de-
pendent on both growth temperature and reactor pressure,
while the tube diameter was dependent on the growth tem-
perature only. The nanotubes were well aligned both along
the growth direction and within the growth plane.

Zn0O/MgZnO single quantum wells (QWs) in which the
well width changes continuously were grown on sapphire
(11-20) substrates by the same MOCVD. The emission en-
ergy from the QWs exhibited a blue shift with reduction
in the thickness of the ZnO well layer, which was inter-
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preted by a simple theoretical model. Since MOCVD is
a widely used technique in industry and since sapphire is
much cheaper than other substrates used previously, such
as ScAIMgO,4 and GaN, this work should highlight the de-
velopment of ZnO-based UV optoelectronic devices.

Vegard’s law (x-ray diffraction) and inductively-
coupled plasma atomic emission spectrometry were em-
ployed to determine Mg composition in MgxZn;_xO layers
deposited on 6H-SiC substrates. With the increase of Mg
composition in MgxZn;_xO layers, the ¢ axis length de-
creased by 5.2048-0.072x, while the axis length increased
to 3.2491+40.047x. The lattice constants estimated by Veg-
ard’s law and a theoretical model exhibited an uncertainty
to be-3% that has been attributed to the lattice misfit in
the MgO/ZnO materials system to-2%. Localized exci-
ton peaks of Mgy<Zn;_xO alloy in photoluminescence (PL)
measurements disappeared completely, while the neutral
donor-acceptor pair and 1LO-phonon energies decreased
rapidly with the increase of Mg composition. These PL
data do not comply with Vegard’s law. These asymmetric
behaviors in the MgyxZn;_xO alloy are the subject of lo-
cally disordered Mg potential fluctuations and an artifact
of the c-MgO and a-MgO lengths calculated theoretically.

(2) ZnO related quantum structures grown by Laser
MBE

We investigated the optical properties of epitaxial n-
type ZnO films grown on lattice-matched ScAIMgO4 sub-
strates. As the Ga doping concentration increased up to
6 x 10%2° cm™3, the absorption edge showed a systematic
blue-shift, consistent with the Burstein-Moss effect. Both a
Stokes shift and broadening in the PL band are monoton-
ically increasing functions of donor concentration, which
was explained in terms of potential fluctuations caused by
the random distribution of donor impurities

Epitaxial ZnO thin films were grown by laser molecular-
beam epitaxy on lattice-matched ScAIMgO4 substrates fol-
lowing the deposition and annealing of suitable buffer lay-
ers. The samples were characterized by low-temperature
photoluminescence (PL), absorption, and reflectivity mea-
surements. PL from higher order (n = 2) excitons (A
exciton) was observed at temperatures lower than 40K.
The absorption spectrum contained lines and the reflec-
tion spectrum exhibited anomalies that were assigned to
the excited-states (n = 2, 3) of A and B excitons. The
optical quality could be improved dramatically by using
annealed ZnO or MgZnO buffer layers.

2. Quantum Optics and Photonic Crystal

A bent photonic crystal waveguide was fabricated by
use of a lattice pattern of a circular photonic crystal, that
allowed high transmission for a broad band of wavelengths
with a small radius of curvature at a bend. The waveguide
was fabricated by alumina rods with a diameter of 3 mm.
Windows of high transmission as a result of waveguiding
were observed near 9 and 15 GHz. By measurement of
the relative wave intensity |E|2 along the line defects, the
propagation losses in the straight and bent sections were
estimated at 9.3 GHz to be 0.04 and 0.03 dB/mm, respec-
tively.

Light emission is measured in the millimeter scale range
by passing an electron beam (150 MeV) just above the sur-
face of a one-dimensional photonic crystal. The photonic
crystal is an array of dielectric cylinders with 3 mm in di-
ameter. The energy dispersion of the emitted light reveals
that an umklapp momentum shift occurs in a finite-size
photonic crystal. By changing the periodic distance or the
substance of the cylinders, the energy dispersion curves
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whose slope is smaller than the light line result from the
photonic bands excitation. In the calculation of the pho-
tonic band, the light emitted by the bulk umklapp momen-
tum shift is observed only for the photonic band excitation
with even parity.
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