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A wide range of phenomena from atomic or
molecular processes at solid surfaces to quantum
transport in infinite systems are listed as the subjects
of nanoscale science. The prosperity of such fields
are sustained by the development of ultra-thin film
growth, nano-fabrication, various surface charac-
terization, local measurements with scanning probe
microscopes, etc. In Division of Nanoscale Science,
we integrate such techniques to study various subjects
such as

Quantum and spin transport in artificial nanoscale
or hybrid systems,

Study of local electronic states and transport by
scanning probe microscopes,

Transport, magnetism and other properties of
novel materials at solid surfaces,

Microscopic analysis of dynamical processes such
as chemical reaction at surfaces, and creation of new
material phases,

Epitaxial growth of ultra-thin films and device

applications.
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Oscillatory ac magnetoconductivity of a 2DES with hexagonal potential modu-
lation. The lower panel shows the center line and the oscillation amplitude
extracted from the traces in the upper panel. The vertical dashes indicate the
positions of flat-band conditions for the two periodicities A and B associated with
the hexagonal lattice.
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Professor Research Associate

Two-dimensional electron system (2DES) in GaAs/AlGaAs
hetero-interface subjected to artificial potential modulation
(lateral superlattice) exhibits such phenomena as commensura-
bility magnetoresistance oscillation and Aharonov-Bohm effect.
In the quantum Hall regime, where electron solid (stripe and
bubble) phases are observed in high mobility samples, commen-
surability effect and/or pinning effect associated with the
relation between the intrinsic periodicity of the electron-solid
phase and the artificially imposed periodicity can be expected.
In this study, high frequency conductivity of 2DES with hexag-
onal potential modulation was measured by use of a coplanar
waveguide. In the low field regime, the magneto-conductivity
exhibits commensurability oscillations and amplitude modula-
tion of the Shubnikov-de Haas oscillations, whose periodicity
corresponds to the two principal periods associated with the
hexagonal lattice. In the quantum Hall regime, multiple resonant
peaks in the ac conductivity are observed and they exhibit
characteristic magnetic field (Landau level filling) dependence.
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The magnetic field- and frequency-dependence of ac conductivity
of a 2DES with hexagonal potential modulation. Multiple resonant
peaks appear in the integer quantum Hall regime and exhibit a
characteristic magnetic field dependence.

Quantum transport in 2DEG systems under artificial potential modulation

2. EFR—IRICHBITZ2ABHREBEREE

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

3. U774 U371 VDEFHE
Quantum transport in graphite and graphene
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Conductance of a quantum point contact (QPC) made from an (In,Ga)
As two-dimensional system as a function of the gate voltage. The unit is
the quantum conductance Gq = 2¢%/h. The insets show bias voltage (Vqpc)
dependence of spin-polarization of 0.5 Gq and 1.0 Gq plateaus respectively.

1. 2F8f - AEVEXRRR

Quantum transport in charge and spin freedoms
2. EFBEZRWCEHEHROWR

Study of many-body effects in quantum structures
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Professor Research Associate

With epitaxial growth of semiconductor and metallic films,
and nano-fabrication techniques, we study quantum effects
in low dimensional systems. Our research also spans applica-
tions of the physics of electron and nuclear spins to so called
spintronics.

To expand the concept of quantum transport to spin degree
of freedom, we have tried to create spin currents in quantum
structures with (1) combination of the spin-orbit interaction and
nano-structures, also with (2) spin-injection in semiconductor/
ferromagnet monolithic structure. In (1), we have shown that
high spin polarization is realized in the combination of quantum
dot and quantum point contact through two different mecha-
nisms. In (2), spin injection from epitaxially grown Fe films
with a high efficiency has been achieved. With these techniques,
we are exploring the quantum interference in the spinor space.
Hybrid systems of superconductors and quantum structures,
and introduction of a spin-orbit interaction to graphene are also

our subjects.
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Spin injection from eptaxially grown Fe into an InAs quantum well has been
detected through spin-valve magnetoresistance structure in non-local volt-
age. The inset shows a scanning electron micrograph of the sample.

Physics at interfaces between the phases with different symmetries
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(a) Schematic of spin absorption method in lateral spin valve struc-
ture. By flowing an electric charge current (Ic) from a ferromagnetic
permalloy (Py) wire to a nonmagnetic copper (Cu) wire, a pure spin
current is induced on the right side of the Cu wire. Thanks to a strong
spin-orbit interaction of Bi-doped Cu alloy, the pure spin current
is preferentially absorbed into the CuBi wire and converted into a
charge current via inverse spin Hall effect (ISHE). (b) Invserve spin
Hall effects observed in several nonmagnetic metals (Cu, Pt, Culr, and
CuBi). All the measurements were performed at 10 K.
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OTANI, Yoshichika KIMATA, Motoi
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Professor Research Associate

Spin currents possessing two independent degrees of freedom,
charge and spin, play an important role in spintronics research.
Among those currents, a flow of spins with no net charges is
called “pure spin current”, which is not only expected to be
an essential element for low power consumption devices but
also considered as a novel physical quantity for fundamental
spintronics researches. We are aiming at establishing principles
to generate, detect, and manipulate the spin currents by using
a variety of materials with spin-orbit interaction including
non-magnets, ferromagnets, superconductors, organic materials,
etc. Particularly we are elucidating the characteristic functions of
spin currents appearing when the size of devices becomes of the
order of the relaxation length of the spin currents.
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(a) Schematics of our spin injection device using a conductive polymer
PEDOT:PSS and its molecular structure. In this experiment, the pure spin cur-
rent is injected from a ferromagnet into PEDOT:PSS using a spin pumping
effect operated by ferromagnetic resonance. (b) The pure spin current transmit-
ted through the polymer layer reaches the Pt layer and is converted into a charge
current via the ISHE of Pt. Since the spin current decays in the PEDOT:PSS
layer, its spin diffusion length can be determined by studying the thickness
dependence of the ISHE signal detected at the Pt layer. (c) Inverse spin Hall
voltage observed in the Py/PEDOT:PSS/Pt trilayer device.
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Study of generation and detection methods of pure spin current

2. AEVRERWHESHEER
Magnetic phase transition using spin current

3. Bl / BLEHEERTICRITBAEVEA

Spin injection into superconductor/ferromagnet hybrid devices

4, BHEFEADZALEVEA
Spin injection into organic materials

5. 7/ AT —IVBKBIEFEZRWCAEY Y1 F 27 ADHE
Spin dynamics in nano-scale magnetic vortex lattice
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Topographic STM image (a-d) and ARPES intensity mapping (e) of Au-
adsorbed Ge(111) surface. Atomic-size protrusions of a gold trimer make
a triangular lattice on the surface. The triangle lattice pattern changes to a
honeycomb one with decreasing the sample bias voltage (Vsb). A triangle
cluster made of the three trimers in size is seen in (a). There are two metallic
surface bands (S1,S2), and S; is anisotropically split to two spin-polarized
bands owing to the strong spin-orbit interaction.
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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/second harmonic generation measurements in an
ultra high vacuum. Band structures of the filled surface states
and the chemical bonds are studied by photoelectron spectros-
copy using VUV light and soft-X-ray. Local atomic, electronic
and magnetic 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 manipulated through
electron-lattice interaction by electronic excitation of tunneling

electrons and photons.
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(a) Topographic STM image of a cleaved surface of Bij 5Sbo.5Tei1 7Se1 3. (b-d)
Bias(Vsp)-dependent amplitude maps of the elastic scatterings, or QPI,
derived by Fourier transformation (FT) of the dI/dV images. Intra band
scatterings within the topological surface band are observed in the bulk
band gap (e,f) Intensity maps of ARPES by a 250-fs probe laser pulse (5.9
eV) before (e) and after (f) impinging a 170-fs pump laser pulse (1.5 eV).
Unoccupied topological surface band is observed in (f).

Electronic states, conduction and magnetism of nano-structured materials at surfaces

2. bYRIVBFPL—T NI & 2REIHIRR

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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(a) an STM image and (b) the proposed model of
adsorbed cyclohexane molecules on Rh(111).
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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.

Activation and surface reaction of small molecules by model catalysts

2. BFREICEITBRT - 2 FOBHBEDHE

Dynamical processes of atoms and molecules on solid surfaces

3. FEENAMEEROER & REBTFREL LML RISOIE

Fabrication of thin film of semiconductor photocatalyst and its electronic states and surface chemical reaction
4. 737z VIV VR EBRTYMERAOEFRE L RIGEDHE
Electronic states and reactivity of low-dimensional materials on surfaces

5. FEXHDEGRKREICE T 2L ZRIGDOHR

Chemical reaction on solid surfaces under ambient conditions

32
THE INSTITUTE FOR SOLID STATE PHYSICS 2015



F 7 R — VTR

Division of Nanoscale Science

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hasegawa_group.html

L I WETE =

Hasegawa Group
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Proximity effect at superconductor/metal interface. Tunneling spectra taken
around an interface between 1ML-Pb layer on Si (blue, normal metal) and
a Pb thin film (yellow, super) indicate the penetration of superconductivity
into the metal layer with a decay length of 40 nm.
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HASEGAWA, Yukio YOSHIDA, Yasuo
HEHIR UE

Associate Professor Research Associate

Scanning tunneling microscopy (STM) reveals not only
atomic structure of surfaces but also electronic states in
sub-nanometer areas by tunneling spectroscopy. With a function
of spin-polarized (SP-) STM, the microscope also provides
local magnetic properties and surface spin structures, and with
inelastic tunneling spectroscopy (IETS), various excitation
energies can be extracted.

In Hasegawa-lab., by using STMs operated in very low
temperature and high magnetic field, we have observed various
phenomena on nanosize superconductors such as vortex
clustering and giant vortex, and peculiar superconducting states
in the proximity with ferromagnetic materials. We also study
magnetic properties of thin films related with their atomic struc-
ture using SP-STM, and their spin excitation with IETS. Modifi-
cation and control of these properties with an aid of the atom
manipulation are one of the targets of our study. Recent subjects
include heavy-Fermion materials, such as CeColns; atomic-scale
variation in the shape of superconducting gaps was observed.
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Magnetization curve taken on a nano-size Co island structure formed on Ag
surface using spin polarized STM. Because the flips of the tip magnetization
occur at ~+0.25T a butterfly-shape curve is observed.

Superconductivity in local area using low-temperature scanning tunneling microscopy

2. BRF/DFNZEaL—Yavick2hHE /| EFALYROBEE AEVRIB STM (C & % Z Ol
Fabrication of spin systems by atomic manipulation and their characterization with SP-STM

3. EVWETRVEDBEFIRE - BEEE - BUISHE

Local electronic states, superconductivity, and magnetic properties of heavy-Fermion materials

4. FBERTVYaXRIILEDF/ AT =)L TOEANFRIE

Nano-scale resistance and its spatial distribution by scanning tunneling potentiometry

THE INSTITUTE FOR SOLID STATE PHYSICS 2015



F 7 R — VTR

Division of Nanoscale Science

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/lippmaa_group.html

Vw7 —it5E s

Lippmaa Group

TEALY) O TS S XA R 2 AT 2 72 D% (D
FEBH 5, WAIIKEG IR T 252 ETRPLSKEER)
KRIAERTMEMRIE LT FY VB Ara Yy F I L_R—

ADME 2T, BTG,/ BER, 2 L TBlRs
PRIZOWTHIELTWS, Flcadwh, (YUY YA, A4%
FHVEBA IO F LD N =793 2T, BT

DNV Ry PG Ly MEOAYEX vy 72 I LT
%, X 1121d XES © XAS 7 E DR X f5r e Fik# A L.
Mﬂ@ RS RS I L RS R 2 R T, MIEIc ko

BONFE TGS R R ORI L L, il
%’I‘i&@%ﬁ@&:ow’(%}ﬁ&’(u%o Xl 2 ¢l p RUZEZ R
TRhZF=7L7F¥VEEA Ty F 7 LDKEF A
BIZOWTELEDTED, RhDF— SV FOlifIc k>TE
L3 2NFHRESNIEAH ORI OVTIRT S, ZD
X9 i Ko TEL T MR L I 2 R —7 L7 F
F VAT LOMFEI AT Fiidn T,

XES

=
g
=

&

g

°8

520 530 540 528 530 532
Photon energy (eV)
1. XEEADHK (XES) & X BIRNDFE (XAS) ZAHWVWT. Rh®Ir 2 R—7U

feF S VBEANOYF I LERPINLIBRONY KXy y TRORF—P 7/
T —DEGERNET Do 7O LTI —DIEFHEMG R ZER—TLIcF I
BANOYFILTOBRES B, —A. MEFH LIGICHT S Rh* £ R 0
SEEMTIIETOEMDO Y T MBRES h,

Fig. 1. X-ray emission (XES) and absorption (XAS) spectroscopies are used
for determining the location of in-gap donor and acceptor states in photocat-
alytic Rh and Ir-doped SrTiOj thin films and bulk samples. The unoccupied
acceptor states only appear in Rh**:SrTiOs, while only minor shifts are seen
in the occupied Rh** and Rh** states close to the top of the valence band.
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Growth of thin oxide films and heterostructures by pulsed laser deposition
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Associate Professor Research Associate

Oxide thin films offer many advantages for developing
catalytic materials. Our interest is to study the electronic struc-
ture, atomic-scale microstructure, and photoelectrochemical
activity of SrTiOs-based photocatalytic materials that can be
used for hydrogen production from water by sunlight. In partic-
ular, we study Rh, Ir, and Pt-doped SrTiO; thin films with the
aim of tuning the bandgap of the material by lifting the valence
band edge. A variety of soft x-ray spectroscopic techniques,
including XES and XAS are used for determining the electronic
spectra of the materials (Fig. 1). The measurement results are
compared with first-principles calculation results and inter-
preted in terms of photocatalytic activity. In this work, we have
identified the factors that determine the photogenerated charge
collection activity as a function of the dopant valence state, as
summarized for the case of p-type Rh:SrTiO3 hydrogen photo-
catalyst in Fig. 2. Similar valence-dependent efficiency differ-
ences have also been identified for n-type oxygen-evolution
catalyst Ir:SrTiOs.
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Fig. 2. Schematic illustrations of the electronic structures of Rh**:SrTiO3
(purple) and Rh**:SrTiOj3 (yellow). The presence of the unoccupied accep-
tor state associated with the Rh*" dopant results in fast photocarrier recom-
bination and very low photocatalytic hydrogen evolution efficiency.

Phase transition mechanisms in oxides under external excitations

3. BALY—RAEREICE F 2 AR
Photocatalytic activity at oxide - liquid interfaces

4. BERBREXILF 7040y VYK
Polar oxides and multiferroic coupling
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The aim of research is to establish advanced technologies
controlling carrier and atomic dynamics by fully exploiting
electronic-excitation effects. For this purpose, considerable
attention is focused to the elucidation of underlying physics
concerning the ultrafast dynamics of excited carriers, which play
crucial roles in several excitation-induced reactions in solids.

In order to elucidate the elemental processes of the many-
body interaction following the electronic excitation, it is essential
to survey the dynamic in femtosecond time regime of photo-
injected carriers with resolving their evolutions in energy and
momentum spaces. Angle-resolved two-photon photoemission
spectroscopy with time resolution of fs time scale (fs-AR2PPE)
has a strong advantage for resolving the carrier dynamics directly
in energy and momentum spaces. Using fs-AR2PPE technique,
we determined transient electron distributions after photoexcita-
tion and successfully elucidated ultrafast processes such as inter-
valley scattering, impact ionization, and electronic thermalizaiton
in several semiconductors. An important topic to be resolved is
the bulk-to-surface transition and subsequent surface relaxation
of excited carriers, providing an important key to greater under-
standing of photoinduced effects on semiconductor surfaces.

Z R

AN, Toshu
REERIR

Visiting Associate Professor

Magnetic resonance phenomena excited in magnets and its
nanoscale detection are the main subjects of our research.

In magnet of bulk, thin film, and nanostructure, collective
motions of spins; ferromagnetic resonance and spin waves, are
excited and modulated by microwave, spin torque, and heat.
We are developing nanoscale scanning probes, such as scanning
microwave microscope, which can excite, detect, and image
magnetic resonance locally. This local probe can be applied to
image spatial distribution of excited spin waves. It can also be
applied to spintronic device system, for instance, spin-injected
magnetic oscillation in tunneling magnetic junction to study the
spatial variations of excitation probability of magnetic resonance
depending on the quality of interface between insulating layer
and magnetic layer where defects of oxide degrade the magnetic
excitation probability. This method of imaging spin-preces-
sion signal can be applied not only ferromagnetic resonance
phenomena in magnet but also electron spin resonance and
nuclear spin resonance phenomena in other solid state materials,

and in molecular and cell systems.
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