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Part 1:(1)The thermal-activated carrier transfer
processes in ZnCdO thin film grown by MBE were
investigated by temperature-dependent and time-
resolved photoluminescence. (2)ZnMnO thin films were
grown by MBE. For Zn0.997Mn0. 0030, circular
polarization degree of 9 % was observed at magnetic
field B=bT. The dependence of circular polarization
rate on the magnetic field intensity exhibits
Brillouin type para-magnetism. (3)The growth and
optical properties of Zn0O nanorods grown on Si(111)
substrate were studied. The sharp near band edge PL
emission with full width at half maximum of about
1'/meV indicates that the ZnO nanorods could be used
as the high efficient photonic devices. (4)Type-II
ZnTe/ZnMnSe QDs were achieved by using MBE. The
magneto-optical measurements revealed a saturated
degree of circular polarization of QDs of 76% at 4T
and the formation of magnetic polarons with binding
energy of 16meV and formation time of 7.4ns. (5)CL
and TEM measurements revealed a dramatically



RN Tk

decreased density of threading dislocations and
stacking faults near the surface of the overgrown GaN
layer. (6)The carrier recombination dynamics of
1soelectronic ZnSeTe semiconductor as a function of
temperature was studied. The unique carrier dynamics
can be attributed to the extremely distinct band
structure and trapping depths.

Part II: The goal of this project is to extend the
capability of the laser molecule beam epitaxy system
to fabricate epitaxial oxide heterostructures, super
lattices, nanostructures and nanowires. Because 1t
has the advantages of high quality epitaxial growth,
fast optimization, and good composition and interface
control, 1t has been a core technology on developing
complex oxides for many years. Such a platform will
greatly promote the ability of studying oxide
electronics in academia and industry. It can also be
used to provide high-quality epitaxial oxide films
for research groups to do other detail measurements.
[t can also be used as a platform for industry to
develop new oxide devices. In addition, it will be an
efficient approach to integrate research energy in
academia and industry. We have built up a Laser-MBE
system and a high vacuum scanning probe microscope.
The combination of laser MBE and SPM is a powerful
and fast tool to develop the basic understanding of
oxide films, which will be useful and helpful to
academic research and industry.

molecular beam epitaxy, [I-VI compound
semiconductors, semimagnetic semiconductors, ZnCdo,
ZnMn0, Zn0, ZnTe, ZnSeTe, quantum dot,
photoluminescence (PL), time-resolved PL, resonant
Raman scattering, cathodoluminescence, laser MBE,
epitaxial, complex oxides, superlattice,
nanostructures, and transport measurement
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Abstract

Part I. ZnCdO, ZnMnO, ZnO, ZnTe, and
ZnSeTe semiconductors were grown by II-VI
semimagnetic semiconductor molecular beam
epitaxy (MBE) system. The optical and magnetic
properties of these materials were studied. (1) The
thermal-activated carrier transfer processes in
Z1n0.98Cdo.020 thin film grown by molecular beam
epitaxy were investigated by
temperature-dependent and time-resolved
photoluminescence (PL). (2) ZnixMnxO (x = 0 ~
0.061) thin films were grown by MBE system.
Transmittance shows an increase of the band gap
with the increasing Mn concentration. Resonant
Raman scattering (RRS) spectra showed 11
longitudinal optical phonon lines for the ZnixMnxO
samples. For the Zno.997Mno.0030 sample, circular
polarization degree of 9 % was observed at
magnetic field B = 5 T. The dependence of circular
polarization rate on the magnetic field intensity
exhibits Brillouin type para-magnetism. (3) We
develop a novel technique to grow ZnO nanorods
by using plasma-assisted MBE. The growth and
optical properties of self-assembled ZnO nanorods
grown on Si(111) substrate were studied. By
controlling the Zn/O flux ratio, the growth of ZnO
nanorods on Si(111) substrate without catalyst has



been achieved. Scanning electron microscopy
(SEM) image shows the ZnO nanorods with various
density and diameter could be controlled. The sharp
near band edge PL emission with full width at half
maximum (FWHM) of about 17 meV indicates that
the ZnO nanorods could be used as the high
efficient  photonic  devices. (4)  Type-II
ZnTe/ZnMnSe single-layer quantum dots were
achieved by using MBE. The magneto-optical
measurements revealed a saturated degree of
circular polarization of quantum dots of 76 % at4 T
and the formation of magnetic polarons with
binding energy of 16 meV and formation time of
7.4 ns. These approaches provide the evidence of
the exchange interaction and the alignment of the
randomly oriented Mn spins near by the QD. (5)
The improved design of sub-micron trenches on
Si(001) substrate was demonstrated for defect
suppression in semi-polar selectively-grown GaN
layers. Cathodoluminescence and transmission
electron microscopy measurements revealed a
dramatically decreased density of threading
dislocations and stacking faults near the surface of
the overgrown GaN layer. In addition, a significant
reduction of intrinsic polarization electric field was
achieved for the InGaN/GaN multiple quantum well
on the GaN selectively grown from the Si trenches.
(6) The carrier recombination dynamics of
isoelectronic ZnSeTe semiconductor as a function
of temperature was studied by using PL and
time-resolved PL spectroscopy. We find that the
complex decay traces of ZnSeTe correlate
excellently with the stretched exponential law
within a wide temperature range. As the
temperature increases, the PL lifetime initially
increases up to 70 K and then declines. These
findings are consistent with the V-shaped PL peak
shift for ZnSeTe. The unique carrier dynamics can
be attributed to the extremely distinct band structure
and trapping depths.

Keywords: molecular beam epitaxy, II-VI
compound semiconductors, semimagnetic
semiconductors, ZnCdO, ZnMnO, ZnO, ZnTe,

ZnSeTe, quantum dot, photoluminescence (PL),
time-resolved PL, resonant Raman scattering,
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Abstract

Part 1l: Oxide materials are gifted systems, providing a variety of physical properties, including
superconducting, ferroelectric, piezoelectric, magnetic, CMR, optical, conducting and et al.... The
combinations of these properties provide new solutions of next-generation electron devices.

The goal of this project is to extend the capability of the laser molecule beam epitaxy (MBE) system to
fabricate epitaxial oxide heterostructures, super lattices, nanostructures and nanowires. Because it has the
advantages of high quality epitaxial growth, fast optimization, and good composition and interface control, it
has been a core technology on developing complex oxides for many years. Such a platform will greatly
promote the ability of studying oxide electronics in academia and industry. Such a system will help us to
build up a database for oxide epitaxial growth and to understand the fundamental physics in behind. Such a
platform can be used to develop new functional oxide materials and new functional systems. It can also be
used to provide high-quality epitaxial oxide films for research groups to do other detail measurements. It can
also be used as a platform for industry to develop new oxide devices. In addition, it will be an efficient
approach to integrate research energy in academia and industry.

Now we have built up the Laser-MBE system, and it shows the capability to control the film growth. We
have built up a high vacuum scanning probe microscope which will provide us an environment to in-situ
characterize the quality of the substrates, and to understand the properties of our new functional oxide
epitaxial films. The combination of laser MBE and SPM is a powerful and fast tool to develop the basic
understanding of oxide films, which will be useful and helpful to academic research and industry. Such
complex platform is going to take off for both high-end researched and the potential applications.

Keywords: laser MBE, epitaxial, complex oxides, superlattice, nanostructures, and transport measurement
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Electrically enhanced strong magnetization in highly strained BiFeO3 films
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Multiferroics combining multiple order parameters, offer an exciting way of coupling phenomena such
as electronic and magnetic orders and have been one of the central focuses in the research of complex oxides.
BiFeO3 (BFO), which is a proper ferroelectrics exhibiting both high ferroelectric and antiferromagnetic
transition temperatures (T¢ ~1103K, Ty ~ 643K). Attentions on BFO is considerably increasing because its
high order temperatures and strong coupling between ferroelectricity make it possible to control magnetism
by electric field, a quality that is vital to future spintronic circuits.

In this study, strong magnetization in uniformly strained BFO thin films is demonstrated. This is
achieved by 1) a highly distorted rhombohedral phase to suppress the antiferromagnetic Neel temperature and
consequently reduce the strength of super-exchange interaction, and 2) an external electric field applied to
rotate the ferroelectric axis, which is shown to enhance DM interaction based on the DFT calculation. Firstly,
the highly strained BFO is grown on NdGaO3 single crystal substrate via pulsed laser deposition.
Piezoelectric force microscopy (PFM) has been used to characterize the ferroelectric domain structures of the
highly strained BFO thin films, which also acted as the media to provide the external electrical fields. X-ray
adsorption spectroscopy (XAS) has been used to investgate the antiferromagnetic properties of the samples;
the antiferromagnetic and ferromagnetic states of highly strained BFO films were further studied at the Fe
L-edge using spatially resolved photoemission electron microscopy (PEEM) based on X-ray linear dichroism
(XLD) and circular dichroism (XMCD). The enhanced ferromagnetism and strongly coupled behaviors have
been observed by photoemission electron microscopy. A strong magnetization is induced in the poled areas,
which is once again confirmed by the theoretical density-functional theory (DFT) calculations. Our results
have paved a new pathway, which contributes largely to the development of room-temperature single-phase
multiferroics.
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Electronic Transport on 90 Degree Domain Walls in Multiferroic BiFeOs

Jan-Chi Yang', Chao-Hui Yeh?, Chen-Wei Liang", Chun-Yen Peng', Heng-Jui Liu®, Qing He*, Carolina
Adamo®, Li Chang', Darrell Schlom®, Ramamoorthy Ramesh?, Po-Wen Chiu? and Ying-Hao Chu™

! Department of Materials Science and Engineering, National Chiao Tung University, Hsinchu, 300, Taiwan
?Institute of Electronics Engineering, National Tsing Hua University, HsinChu, 300, Taiwan
Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, 300, Taiwan
*Department of Physics, University of California, Berkeley, Berkeley, CA 94720
>Department of Materials Science and Engineering, Cornell University, Ithaca, NY 14853

In complex, correlated oxides, heterointerfaces have emerged as key focal points of current condensed
matter science. In ferroic oxides, in order to minimize the total energy, domain walls form as natural
homointerfaces. According to the detailed classification given by Mermin in ferroic systems, domain walls are
considered as two-dimensional (2D) topological defects, which play an important role in determining the
functionality in materials with long-range order.

Based on our previous works, X-ray diffraction (XRD), piezoresponse force microscope (PFM), X-ray
linear dichroism (XMLD) and X-ray circular dichroism (XMCD) have been used to investigate a new-type
90° domain wall and enhanced magnetism in the orthorhombic-like BiFeO3 (BFO) thin film grown on
NdScO3(110)o single crystal substrates. In this study, 2-D arrays of 90° domain walls have been created by
the in-plane anisotropy strain. Such periodical domain walls have served as a model system to explore the
fundamental properties at the ferroelectric natural interface. Firstly, the electronic structure is investigated via
cross-section STM (XSTM). Transport measurements for the 90° domain walls are measured both locally with
conducting atomic force microscopy (CAFM) and macroscopically with in-plane transport devices. Transport
behaviors as a function of temperature and magnetic field have been explored. A transition between thermal
activation and variable range hopping conduction regions is found at ~200 K. An activation energy of
~0.25eV and carrier density of ~9.92*10' cm™ can be extracted. By applying magnetic fields along domain
wall direction, a giant positive magnetoresistance change (~200%) could been observed, which implies a
strong magnetoelectric coupling at the walls. In addition, domain wall transistor has been made to reveal the
gating effect and n-type conducting behaviors at the walls, and electron mobility of ~2 cm?/ V s is measured
at the domain walls. Our results not only reveal the basic transport information at the ferroelectric domain
walls but also recapture the intriguing physical properties at the multifunctional domain walls, which would
act as a potential candidate for the next generation nanoscale electronic devices.

Session 2 Science and Technology of Multiferroics and Magnetoelectric

! Corresponding author: email: yinghaochu@berkeley.edu
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Chemically-induced Room Temperature Ferromagnetism in vertical LiFe,.xMn,O4
Nanostructures
Wen-I Liang"’, Chen-Wei Liang*, Wei-Cheng Wang?, Ying-Jiun Chen?, Heng-Jui Liu®, Sheng-Chieh Laio®, Hong-Ji Lin?,
Chien-Te Chen?, Chih-Hung Lai®, Ying-Hao Chu*
'Department of Materials Science and Engineering, National Chiao Tung University, HsinChu 30010, Taiwan * National
Synchrotron Radiation Research Center, Hsinchu 30076, Taiwan *Department of Materials Science and Engineering,

National Tsing Hua University, Hsinchu 30013, Taiwan

In this decade, self-assembled perovskite-spinel vertical heteroepitaxial oxide nanostructures have
amazed us by broad spectrum of newly emerged functionalities via proper combination of materials,
such as (La,Ca)MnOz-MgO system with tunable Curie temperaturest) and BaTiOs-CoFe,0, system
with enhanced interfacial coupling'?. Most of the studies, in general, manipulated the coupled
ordering parameters based on the inherent material physics and investigated the strain effect
emerged between matrix and nanostructures. Little did we investigate the partial miscibility effect
between two materials, which may be an effective method to induce new functionalities.

In this work, we have vertical BiFei1xMn,O3 (perovskite)-LiFe,xMn,O,4 (spinel) nanostructure
demonstrating the chemically-induced ferromagnetism in vertical heterostructure with controllable
orientation. The samples are fabricated via reflection high energy electron diffraction
(RHEED)-assisted pulsed laser deposition (PLD) with Bi-Fe-Li-Mn-O ceramic composites, and
structural information has been deciphered macroscopically via x-ray diffraction (XRD) analysis.
Transmission electron microscope (TEM) is employed to analyze microstructure and chemical
information via equipped energy-dispersive X-ray spectrometer (EDS). In order to unveil the
relationship between partial miscible effect and magnetic properties in LiFe,Mn,.,O,4 , we carried out
vibrating sample measurement (VSM) and X-ray magnetic circular dichorism(XMCD) to scheme
the magnetic behavior as a function of composition ratio of BiFeO3-LiMn,O,4 ceramic target. Thus,
this study has demonstrated clearly an alternate approach to tune magnetic property of lithium
manganese ferrite and paved a new avenue for intriguing functional properties of nanoscale
spinels.
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1. Optical Properties of Zn,.,,Mn,O Thin Films Grown by Molecular Beam Epitaxy
(September 24 16:30~18:30)

Zn xMn,O (x = 0 ~ 0.061) thin films were grown by molecular beam epitaxy (MBE) system.
Transmittance shows an increase of the band gap with the increasing Mn concentration. Resonant Raman
scattering (RRS) spectra showed 11 longitudinal optical phonon lines for the Zn;,Mn,O samples. For the
ZNo.997Mng 0030 sample, circular polarization degree of 9% was observed at magnetic field B = 5T. The
dependence of circular polarization rate on the magnetic field intensity exhibits Brillouin type
para-magnetism.

2. Visible Band Gap and Thermal-Activated Carrier Transfer in ZnCdO Thin Film




Grown by Plasma-Assisted Molecular Beam Epitaxy (September 24 16:30~18:30)

The thermal-activated carrier transfer processes in ZngggCdo 020 thin film grown by plasma-assisted
molecular beam epitaxy (MBE) were investigated using temperature-dependent and time-resolved
photoluminescence spectroscopy. As the temperature increases from 50 to 220 K, the carriers transfer from
shallow to deep localized states. Additionally, the carriers escape from the deep localized states above 220 K
due to the activation energy of about 19 meV.

3. The Study of Self-Assembled ZnO Nanorods Grown on Si(111) by Plasma-Assisted
Molecular Beam Epitaxy (September 24 16:30~18:30)

The growth and optical properties of self-assembled ZnO nanorods grown on Si(111) substrates by
plasma-assisted molecular beam epitaxy (PAMBE) were studied. By controlling the Zn/O flux ratio, the
growth of ZnO nanorods on Si(111) substrate without catalyst has been achieved. Scanning electron
microscopy (SEM) shows that the density and diameter of ZnO nanorods could be controlled.
Photoluminescence (PL) measurements exhibit nice optical properties. The sharp near band edge PL emission
with full width at half maximum of about 17 meV indicates that the ZnO nanorods could be used as the high
efficient optical emission devices.
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2. Grazing Incidence Fast Atom Diffraction : an alternative to RHEED for in-situ
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3. Realization of High k Gate Dielectrics on High Carrier Mobility Semiconductors
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4. InPAs quantum dots in InP nanowires: a route for single photon emitters
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5. MBE growth and properties of homogeneous, position-controlled (In,Ga)As nanowire
arrays on Silicon
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6. Controlled wurtzite inclusions in self-catalyzed zinc blende 111-V semiconductor
nanowires
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7. Non-VLS growth of GaAs nanowire by a Ga pre-deposition technique
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