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One of the outstanding trends in modern
condensed matter physics is the rapid develop-
ment in studies of atomically controlled surfaces
and interfaces, artificial superlattices and micro and
nano-structures. The background of such develop-
ments is the advancement of key technologies for
epitaxial crystal growth, microfabrication, surface
characterization, and local sensing by use of scanning
probe microscopes. In the Division of Nanoscale
Science, the research efforts of seven groups are
directed to various aspects of nanoscale science at
surfaces, interfaces, and artificial materials/structures.

The on-going research activities include

- Study of low temperature quantum and spin
transport in mesoscopic structures of semiconduc-
tors, metals, superconductors, magnetic materials and
their hybrid structures.

- Study of local electronic states and transport
phenomena by scanning probe microscopes.

- Study of transport, magnetism and other proper-
ties of novel materials at solid surfaces.

- Study of dynamical processes such as chemical
reaction at solid surfaces at the atomic level and
creation of new material phases.

- Study of epitaxial growth of oxide thin films and
their functional properties.
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Upper panel: Corbino-type electrode geometry with microwave heating

Lower panel: Magnetic field dependence of the radial conductivity o, and
thermovoltage Vir.
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Thermpower of two-dimensional electron system (2DES) at
a GaAs/AlGaAs heterointerface generally consists of a carrier
diffusion term and a phonon-drag term, and the latter contribu-
tion is dominant in an ordinary experimental condition in which
temperature gradient is generated by a heater. We investigate
the thermoelectric effects in quantum Hall regime by adopting
a technique to raise only the electron temperature and thereby
to extract the diffusion term. In the present study, a Corbino-
type electrode geometry, and a microwave heating technique are
employed. The radial diffusion thermopower Sy, in the Corbino
geometry is given as SiC = & / O, (with gy, thermoelectric
conductivity, and oy, conductivity). The measured SiC takes
large values and changes its sign at the midpoint of the Hall
plateau. This behavior is well reproduced by a theoretical calcu-

lation based on the self-consistent Born approximation.

(a) BE2EA Sir DRET—F o 3D2DTFT—FFY A7 DREME/T—DEWNIC K
%, (b) HABOREDOV DO DEICKT Z2MEEHNDFHEE, R—ILTF~—
DD FEVWHIBERINTWS,

(a) Experimental data of thermopower S;. The three curves correspond to
different levels of microwave heating. (b) Calculated thermopower for dif-
ferent values of the temperature at the heated part. The behavior in the Hall
plateau region is well reproduced.

Quantum transport in 2DEG systems under artificial potential modulation

2. EFR—IRICHBIT IR EBERTE

Thermoelectric effects and a.c. transport in quantum Hall systems

3. UZT774 . U357 VDEFHE
Quantum transport in graphite and graphene
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Detector QPC

Plunger gate
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With the techniques of epitaxial growth of high quality
semiconductor films, vacuum depositions of metallic films,
and lithography from micron to a few tens of nanometers, we
prepare low dimensional systems such as quantum wells, wires
and dots and quantum circuits composed of them to study the
quantum many body effects. Our research interests also go to
some applications of the physics of electron and nuclear spins to
so called spintronics, and quantum information manipulation,
classical logic devices with the use of superconductivity.

One of our present primary subjects is the creation of spin
currents in non-magnetic semiconductor quantum structures
with electric currents and the spin-orbit interaction and the
detection of the resultant spin polarization with a side-coupled
quantum dots. Another is the spin injection from ferromagnets
into semiconductors via almost localized states in quantum dots.
We are also studying the physics of the Andreev bound states
appear at boundaries between semiconductor naonwires with
strong spin-orbit interaction and superconductors.
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(a) Electron beam micrograph of a device to detect spin polarization in a quantum
point contact (QPC). (b) Green-white-red image plot of the QPC conductance
variation as a function of the plunger gate voltage of the detector quantum dot (QD)
and the amplitude of the square wave superposed. The numbers indicate the num-
ber of electrons in the QD and the vertical arrows indicate excited states.

CFEERDORE YRR SR

Creation and detection of spin current in semiconductors

. BFESEER WS HRROME

Study of many-body effects in quantum structures
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Conductance of an InAs quantum wire through Andreev bound
states (ABSs) as a function of source-drain voltage. The inset shows
the device structure. The oscillation due to the resonance between the
ABSs and the AC Josephson effect is largely diminished with the spin
Hall effect caused by the current through the InAs quantum wire.

Study of peculiar phenomena in superconductor-semiconductor hybrid structures

. RSSOy

Transport and magnetism in diluted magnetic semiconductors
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Various domain structures such as magnetic vortices and
single domains are formed in nano-scale magnets, depending
on their shape and size. The magnetic vortices, for example, have
two degrees of freedom, i.e., polarity and chirality, and allow us
to design an artificial magnetic lattice called “magnonic crystal”
consisting of several magnetic vortices. These are expected to
be next-generation magnetic memory and logic devices. We
fabricate nano-scale magnets to experimentally study their
fundamental static and dynamic magnetic properties. We also
use nano-scale magnets to produce “pure spin current” which
transfers no electric charges but only spin angular momentums.
By injecting the pure spin current into non-magnetic metals,
superconductors and organic materials, we are able to observe
various interesting phenomena such as spin Hall effects, the spin
injection induced magnetization reversal, and the spin accumu-
lation. We aim to study and develop new types of spintronic
devices using the spin injection techniques.

(b) Py1 Culr Py2

Pur - Pcy (MQem)

(a) Schematic drawing for measurements of spin dynamics in magnetic ~ Spin Hall effect (SHE) in Culr alloys: (a), (b) SEM image and schematic of a spin Hall
vortices fabricated with Py (NigiFej9) and an SEM image of two Py  (SH) device. When an electric charge current is applied non-locally to a Py/Cu junc-
disks. (b) MEM image of the two Py disks with the same polarity and tion, only a pure spin current is induced along the Cu bridge. Most of the pure spin
the corresponding schematic drawing. (c) AMR signals as a function current is then absorbed into a Culr wire because of its strong spin-orbit interaction.
of frequency with and without the right Py disk. By adding the right Py ~ As a result, one can detect the SHE as a voltage. (c) SH resistivity of Culr as a func-

disk, one peak splits into two peaks.

tion of Ir concentration. When Ir impurities are added to Cu showing no SHE, the SH

resistivity increases with increasing the Ir concentration. The slope yields the conver-
sion efficiency from the charge to spin current, i.e. the SH angle of 2.1 %.

1. 7/ AT —VHESBIRFERWAEY YA 37 DR
Spin dynamics in nano-scale magnetic vortex lattice

2. AEVIR—ILHRERWC A E Y RAERMBEEDOIHRE

Study for the mechanism of spin current generation via spin Hall effect

3. AEVRERWHBSHEER
Magnetic phase transition using spin current

4. BN / BEEHESRTICEITEAEVIEA

Spin injection into superconductor/ferromagnet hybrid devices

5. BHEEERD R VEAGEYE
Spin injection induced properties in organic materials
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Topographic image (a) and the Fermi-surface band mapping (b) of
Au-adsorbed Ge(001) surface. Atomic-size protrusions align one-dimen-
sionally on the surface. The one-dimensional structure consists of zigzag (A)
and chevron (B) segments. The band at the Fermi surface very weakly dis-
perses in the direction parallel to the line of the surface protrusions whereas
the band disperses two-dimensionally in the occupied states below 80 meV
from Fermi energy.
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Professor Research Associate

Electronic and magnetic properties of alloys, compounds and
other materials with nanometer-scale structure at solid surfaces
are studied using scanning tunneling microscopy/spectroscopy
(STM/STS), photoelectron spectroscopy and magneto-optical
Kerr-rotation(MOKE)/second harmonic generation(SHG)
measurements in an ultra high vacuum. Band structures of
the filled surface states and the chemical bonds are studied by
photoelectron spectroscopy using VUV light and soft-X-ray.
Local atomic and electronic structures, formation processes
of surface nano-structured materials and dynamical processes
induced by electron tunneling or photo-excited carriers are
examined by STM/STS. Local atomic structure can be manipu-
lated through electron-lattice interaction by electronic excitation

of tunneling electrons and photons.
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(a) STM image of single layer graphene grown on 8°-off SiC(0001) substrate
by thermal decomposition. Graphene covers both the step edges and ter-
races continuously. (b-e) Constant-energy angle-resolved photoemission
spectroscopy intensity maps at Er for the graphene samples formed on the
4°- (b,c) and 8°-off (d,e) substrates around Kge (b,d), K.¢p° (c), and K.g0° (€).
Here 0 degree indicates the tilting direction of the substrate. Dotted curves
represent the constant-energy ideal 7* band shape including the trigonal
warping for flat graphene. The observed shape of the Dirac band for the
4°-off substrate is consistent with the ideal graphene while that for the 8°-off
substrate is elongated in the tilting direction.

Electronic states, conduction and magnetism of nano-structured materials

2. hYRIVBFPL—T NI & 2RESHIRR

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. REF / BEME O AEE

Formation processes of nano-structured materials at surfaces
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The potential energy surface of
adsorbed NO species on Pt(997)
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Professor Research Associate

Solid surfaces are intriguing objects, because novel struc-
tures and electronic properties emerge as a result of symmetry
breaking of bulk. In addition, a solid surface plays an impor-
tant role as “low dimensional reaction field”, on which we can
provide atoms and molecules and manipulate them deliberately.
In order to fabricate atomically-controlled surface materials,
we have to understand the dynamical behavior of atoms and
molecules on surfaces. The research of these subjects is closely
related to the basics of catalysis, semiconductor processes and
molecular electronics. In addition, we can simulate chemical
reactions on cosmic dust with laboratory experiments in ultra-
high vacuum at low temperature. We have utilized surface vibra-
tional spectroscopy, photoelectron spectroscopy and scanning
tunneling microscopy in order to investigate structures,
reactions and electronic properties of atoms and molecules on
surfaces. Synchrotron radiation (KEK-PE, SPring8 etc.) is also
used to study electronic structure of surface and interface.
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Rh(111) ?

CsH1z CsD12
Ead 70.2kd/mol > 62.1 kd/imol
[A] 0.375eV > 0.338eV

lad rad(CeHi2) < rad(CsD12)
(Arad = 0.02-0.03 A)

dm 6.83 A > 6.73 A

Rh(111) RAICRE LY 7 ONF Y U FTERA
SNICRERN, BISHRAEDR

Kinetic and geometric isotope effects observed
in the case of cyclohexane on Rh(111)

Activation and surface reaction of small molecules by model catalysts

2. EBRHEICKITBRT - 2 FOHHBEDHE

Dynamical processes of atoms and molecules on metal surfaces

3. RIEMFREOEBFRE CAZRIGDOME

Electronic states and chemical reaction at oxide surfaces

4. 757y U EYBERRTYERADEFRE S RIGEDHE
Electronic states and reactivity of low-dimensional materials on surfaces including graphene and silicene

5 BEEYF /BEYOBELBEMERGE

Electronic states and conductivity of thin films and nano-scale structures on surfaces
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An STM image of Cu(111) surface. Electron standing waves, which are
formed as a result of scattering and interference of surface electronic states
by steps and surface defects, are observed. The wave length of the oscillatory
structure is 1.4 nm.

RANIl Fif =H Bk
Yukio HASEGAWA Yasuo YOSHIDA
IR UE

Associate Professor Research Associate

Using scanning tunneling microscope (STM) and atomic
force microscope (AFM), we investigate the properties of atoms
and electrons on surfaces with an aim of finding new physics in
nanometer scales.

Eliminating thermal fluctuations and disturbances,
low-temperature STMs allow us to measure surface electronic
states locally with very high energy and spatial resolutions and to
control them precisely by arranging individual atoms on surfaces
with the probe tip. Using the setups, we have observed electron
standing waves, screened potential and the Friedel oscillation,
and the superconducting gap of individual nano-size particles.

By improving a force sensitivity of the AFM probe to the
ultimate level, we achieved the world-best high resolution AFM
imaging, and now use it for measuring surface electrostatic
potential accurately in a nanometer scale spatial resolution.

We are also engaged in developments of probe microscopes
under various extreme conditions, such as, ultralow tempera-
ture, high magnetic field, or under an irradiation of synchrotron
radiation light, and new functional and analytical methods with
probes such as AFM lithography.

FT/HAXPo 74 7Y REEDER STM&RE, BHIETTO MY RILDKICELD
BLEX vy IDHOUENSBENLEFHER CBR)

Low temperature STM image of nano-size Pb island structure, and an real-
space image of quantized magnetic flux (vortex) obtained from tunneling
spectra showing a superconducting gap under magnetic field

1. ERSTMIC KB BFEERK - 7Y —TILIRE R EREBFREDHZT
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STM L& 2 F /T« TRF DBEERIEICE I 2%

Dynamical processes of atoms and molecules on metal surfaces

3. AFM ZRWeRERT > 2 v JLAE - EXUERDHAE

Measurements of surface potential and electrical conductance by AFM

4. TSR STM IC & 27/ T —ILTTRDHT « (LEDHT

Elemental / chemical analysis in nanometer scale using synchrotron-radiation assisted STM
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Fig. 1. (a) Temperature dependence of magnetite resistivity, showing the
Verwey transition at 120 K. (b) Measured pyroelectric current in a thin film
sample (blue), together with the integrated polarization curve (red). Inset
shows switchable polarization at 9K.
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Mikk LIPPMAA Ryota TAKAHASHI
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Associate Professor Research Associate

The main topic of our research is the characterization of
transition-metal oxides in confined geometries, such as very
thin films, nanostructures, and heterostructures. Many oxide
materials show very complicated phase diagrams as a function
of doping, temperature or external fields. We study the mecha-
nisms of those phase transitions in thin film structures.

We have recently looked into the appearance of a ferroelec-
tric state in magnetite Fe3O4 thin films below the 120K Verwey
charge ordering transitions. By measuring the pyroelectric
current response of high-quality magnetite thin films under
periodic laser heating, we have shown that the polar state of
magnetite appears at the Verwey transition temperature, as
shown in Fig. 1. Ferroelectric polarity switching is possible at
low temperatures. A temperature scan of Raman spectra shows
that the magnetite thin films have no further structural transi-
tions below the charge ordering temperature, and the polar state
is thus a result of the charge order, not a displacement of ions in

the crystal.
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Fig. 2. Temperature dependence of Raman spectra of magnetite, showing
the structural change at the Verwey temperature but no further structural
changes at lower temperatures, proving that the appearance of the ferroelec-
tric state is not related to cation displacements.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. BACY DIREBIRR D NS

Phase transition mechanisms in oxides under external excitations

3. (LY DOERFREICE 1T B AERIE
Photocatalytic activity at oxide - liquid interfaces

4. BT INA RDEFHEE

Electronic behavior of oxides in various device structures
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Visiting Professor

In order to clarify the mechanism of methanol synthesis
from CO> on Cu catalyst surfaces, catalytically active sites and
surface elementary steps have been studied using surface science
techniques such as synchrotron radiation spectroscopies.

Chemical conversion of CO; is generally expected to reduce
CO7 emission formed by combustion of fossil fuels which will
be continuously used in the near future. A promising method
is the synthesis of methanol, which is a useful raw material.
However, one needs energy to carry out the methanol synthesis
to overcome the activation energy of the reaction. The devel-
opment of new catalysts means the reduction of the energy
cost. We have started a project to develop methanol synthesis
catalysts based on surface science, density functional theory
(DFT) calculation, and catalyst preparation instead of traditional
trial and error typed method of catalyst development. We study
the active site of methanol synthesis catalysts and its elementary
steps at the atomic and electronic levels using surface science
techniques. We have recently found that the defects called kink

or step play a role in the activation of CO; on Cu surfaces.
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