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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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Katsumoto Group
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(a) Current distribution ratio of a device with a spin rotating emitter and a
spin detection collector. The ratio is color-plotted versus the magnetic field
and the gate voltage. The clear oscillation indicates unitary operation on the
spin. (b) Theoretical reproduction of (a) based on a simple physical model.

1. E7EW - AEVEHEER

Quantum transport in charge and spin freedoms
2. EFBEZRWLHENROMAR

Study of many-body effects in quantum structures
3. BNMIE/NA T Yy RESICE U 2YBRR

B E5 R R =B ¥
KATSUMOTO, Shingo  NAKAMURA, Taketomo ENDO, Akira

% B B

Professor Research Associate Research Associate

With the epitaxial growth of semiconductor and metallic
films and nanofabrication techniques, we study quantum effects
in low dimensional systems. Our research also spans some appli-
cations of the physics of electron and nuclear spins for 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. The nanostructures enable us to introduce new
types of spin-orbit interaction by breaking the spatial inversion
symmetry and creating a local orbital angular momentum. An
example is the non-adiabatic unitary operation on electron spins
in quantum Hall ferromagnetic edge states. Because the spin
freedom and the edge states (orbital freedom) are maximally
entangled in this system, the spin and the orbital operations can
be utilized equivalently. Similar non-adiabatic spin rotation by
the normal current can be applied to control superconductivity

in a novel device.
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Color plot of resistance in a super-normal-super junction versus the plane
of transverse current and junction current. The black region corresponds to
the zero-resistance state.

Physics at interfaces between the phases with different symmetries
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Otani Group
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Magnetic spin Hall effect in a non-collinear antiferromagnet: discovery of a
magnetic contribution to the spin Hall effect. (a) Schematic of the spin-accu-
mulation device: Ferromagnetic and non-magnetic electrodes are formed on
top of a microfabricated Mn3Sn. (b) The spin-accumulation signal caused by
the magnetic inverse spin Hall effect. Opposite signs of the hysteresis appear
after reversing the spins of Mn3Sn. The corresponding spin structures of
Mn3Sn are shown in the insets.

1. FFGMAC Y ROERE & CREEEBORE
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OTANI, Yoshichika ISSHIKI, Hironari
Bi% B

Professor Research Associate

At the end of the 20th century, the concept of spin current,
a flow of spin angular momentum, appeared. Since then,
spintronics has been developing as a scientific framework
that connects and effectively uses electric and spin currents.
Spintronics research has entered a new stage with the estab-
lishment of the spin current generation, transport, and detec-
tion methods over the past decade. As a result, it has become
clear that quasiparticles such as electron, phonon, photon, and
magnon are interconverted via spins in the solid. These "spin
conversion" often occur in a nanoscale region near relatively
simple hetero-interfaces and thus have extremely excellent versa-
tility and applicability. In our laboratory, we are working on the
development and elucidation of a novel spin conversion mecha-
nism from the viewpoint of nano-magnetism. Furthermore, we
are conducting research and development of spintronics devices
utilizing the newly developed spin conversion by making full
use of nanofabrication technology.

NTF | EBREOALEV - BREBHRE | REVIKVEV T EICLD, (@) 9F /&
B (PbPc/Cu) REIERAEVYRYEY VOB, (b) AEVRYEVTIcLDFERSN
EAEVR - BRERBEROEERES, ()Cu(111) KA LICRESizH/E PbPc
EOEED N RIVIEMIER.

The spin-charge current conversion at the molecule/metal interface
observed by employing the spin pumping method. (a) The schematics of the
PbPc/Cu interface and the spin pumping measurement. (b) Spin pumping
induced voltage signal originated in the spin-charge current conversion.
(c) Scanning tunneling microscopy image of a single layer PbPc film on
Cu(111).

Development of novel mechanisms of pure spin current generation and detection

2. BRAEVIR—)L3ROFIREE DR & A DR

Elucidation of the mechanism of the magnetic spin Hall effect and development of functionality

3. BB AL VIR - EREE RSB DR

Development of novel spin-to-charge current conversion mechanism

4. HFAEYROZIR
Molecular spintronics

5. BREERESIC L 2BMERIAE Y RER

Efficient pure spin current generation by magnon-phonon coupling
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(a) Fe L3 remanent XAS (upper) and XMCD (middle) of a 7-ML Fe film
on Cu(001), and XMCD (lower) of a 5-ML Mn/7-ML Fe film in the normal
(NI) and 55° grazing (GI) incidence. External magnetic field is parallel to
the incident x-ray. (b) Iron magnetization curves in the heterostructures of
Mn overlayers up to 5 ML on the 7-ML Fe film measured by NI-XMCD. (c-e)
STM images of 7-ML Fe films with Mn overlayers. (f-i) High-resolution sur-
face STM images of 1.0-ML (f), 1.5-ML (g), 1.8-ML films (first (level-1) (h)
and second (level-2) (i) levels).
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KOMORI, Fumio
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Professor

Electronic and magnetic properties of low-dimensional and
atomic-layer materials with nanometer-scale structures at solid
surfaces are studied in an ultra-high vacuum using scanning
tunneling microscopy/spectroscopy (STM/STS), photoelec-
tron spectroscopy, and magneto-optical Kerr-rotation. Atomic,
electronic and magnetic structures, formation processes, and
dynamical processes induced by electron tunneling or photo-
excited carriers are examined microscopically by local imaging,
spectroscopy and quasi-particle interference observations using
spin-resolved STM/STS. Spin-dependent electronic structures,
magnetic properties, electron dynamics and chemical bonds
are macroscopically investigated by photoelectron and optical
spectroscopy using visible and ultraviolet light and soft-X-ray

from laser and synchrotron.
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(a) Atomic structure model of a Sn monolayer intercalated into the gra-
phene/SiC(0001) interface. (b) ARPES intensity image of the Sn monolayer
along I'Ksic with overlaying the calculated band structure. The color scale
represents the photoelectron intensity, and gray (purple) dashed curves
the calculated original (back-folded, bf) bands. Two surface bands, S; and
S,, and their back-folded bands, Slbf and Szbt, are marked. (c) SARPES
intensity images taken with the region including S, and $,"f bands near Er
surrounded by a thin rectangle in (b). The spin polarization component
perpendicular to ky; is detected. The two-dimensional color scale represents
both the photoelectron intensity and the spin polarization.

Electronic states, magnetism and electron scattering of atomic layers and nano-structured materials at surfaces

2. BIRFE - RE T/ BEYEOTAERE

Formation processes of atomic layers and nano-structured materials at surfaces

3. FYRILBFPL—Y—EMEICLZETF - RFENRR

Electron and atom dynamics induced by electron tunneling and photo-excitation
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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, superconductor) indicate the penetration of supercon-
ductivity into the metal layer with a decay length of 40 nm.
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HASEGAWA, Yukio HAZE, Masahiro
265 BhE

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 ultralow
temperature and high magnetic field, peculiar local supercon-
ducting and topological states that can be found in surface
superconductors, whose inversion symmetry is broken, and in
the proximity with ferromagnetic materials, have been explored.
We have also studied local magnetic properties of spin-
spiral structures using SP-STM, spin excitation with SP-IETS,
magnetic resonances through the introduction of microwaves,
and spin current detection using SP-potentiometry. Recent
subjects include heavy-fermion materials, such as CeColns;
orbital ordering was observed for the first time in a real space.

EVWEFRYE CeColns THREIS NIcREHBEKRFIRE. Co KiRE TORED
STM % (FRELVELR) TR AVWIRD Co RFEANRSNBH Fit%aih
DI TR et (BTHE) TIE FYNIZIRD d EABHFREZTRLTWS
ZENBES NI, HMRBETICE D, REIKOHFESNIEETH S I MY
BHLTW3,

Surface-induced orbital ordered states observed on a heavy-fermion mate-
rial CeColns. In STM images taken on a Co-terminated surface in stan-
dard conditions, round-shaped Co atoms are observed (center and upper-
left images). On the other hand, in STM images taken in closer distances
(lower-right) we observed an ordered phase of dumbbell-shaped d-orbitals.
Detailed analysis revealed that the ordered structure is formed only on the
surface layer.

Exploration of peculiar superconducting / topological states using low-temperature STM

2. AEVRIB STM ADY A ¥V DIREAIC & 27/ AT — LBESKEIREHE
Nanoscale measurements of magnetic resonances by SP-STM with microwave

3. ACVRBEERT VY 3 X MUICL DALY ROEZREEA

Real-space distribution of spin currents by spin-polarized scanning potentiometry
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Fig. 1. Delta-doped SrTiOj heterostructures where the number of doped car-
riers is controlled by the number of (La,Sr)O layers in the titanate lattice.
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LIPPMAA, Mikk MORI, Taizo
% B
Professor Research Associate

The ability to grow atomically flat oxide thin films by laser
molecular beam epitaxy allows us to study the transport
behavior of carriers accumulated in two-dimensional layers at
delta-doped interfaces. Fig. 1 shows examples of such hetero-
structures where a single or double layer of LaTiO3 was grown
on a SrTiOs and capped with another SrTiOs layer. Each La
atom donates an extra electron, some of which will dope the
adjacent SrTiOs3 layers by charge transfer. We find that multiple
electron populations form in this structure, with some electrons
localized at the interface, some forming a metallic quantum well,
and some spreading deep into the substrate. The relative sizes of
these different populations can be tuned by adjusting the total
La number in the doping layer, by utilizing surface depletion, or
using electrostatic gating. We can observe distinct changes in the
magnetotransport behavior when the relative electron popula-
tion sizes change, as illustrated in Fig. 2, which shows the varia-
tion of in-plane magnetoresistance when the carrier number is

changed.

AR/R (%)

B(T)

2. SrTiOs/La0 N7 AEEDEAKSZET. #%ZEBRAEICKH U THTICH
MUBAE Ule. ERBSIERNF S VIRFREOERFE LaO DEH (1, 2, 5) Ic&D
EEY %

Fig. 2. In-plane magnetoresistance, measured with the magnetic field parallel
to the current flow, for heterostructures doped by 1, 2, or 5 LaO atomic lay-
ers in the titanate lattice.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. KABABBRISDEIRCICRIT IeBALYF BB DR F

Development of oxide photoelectrode materials for photocatalytic water splitting

3. e F /@EERcE T/ AVRY Yy NEEDOER

Synthesis of nanostructures and nanocomposite thin films

4. FRGER - EEREORIL

Development of novel organic - inorganic interfaces
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Visiting Associate Professor

In a two-dimensional (2D) atomic-layer material it is
expected that anomalous physical properties appear due to
the broken space inversion symmetry. Especially in the case of
two-dimensional materials on a substrate, its physical properties
differ to bulk crystal and free-standing atomic-layer sheet due
to the surface reconstruction, adsorption and defect, relaxation
of the atomic arrangement over several atomic layers below the
surface.

In our laboratory, we study physical properties of atomic-
layer materials by using various experimental methods such as
angle-resolved photoemission spectroscopy (ARPES), scanning
tunneling electron microscope/spectroscopy (STM/STS), and
total reflection high-energy positron diffraction (TRHEPD). In
particular, we focus on unconventional superconducting proper-
ties of the one atomic-layer alloy with the Rashba spin splitting
bands, characteristics of the Dirac electron system like graphene

and borophene, and physical properties of topological materials.
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