> A0 — IVttt ZE i M

Division of Nanoscale Science

T 27— VPERFAL, WEREAE T
T T FL NV TOBIRD & fRER R O & ik £
TS VIRFZER] 27 =)L CA U B P8 - fh2gi s
EZONRETSD, COFHNRBLTCELER
W3, R R R B, RO TR, A
RN FE, B 70— 7 WS X 2 RPTH
MR EDTEEN D D, MEFMTTIE, Ihok
MAETNCHWTH R — VPRI i) #H A
TWwW3,

T —~D—HZLL IR T,

- WHONLHMESG, EamiEickne
I NL 2R T - AL Vilfiiik,

EE 70— 7 MR O R R E
{RE B RO,

- FEERAICE TR T2 ITEAMEP R
MPRAE, T/ A7 — V& DY,

- RLAE OGO 2 7 a2 8 1@ o fF e,
BXOInZ2AH LT EOAIL.,

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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Fourier power spectra of conductance fluctuation against in-plane magnetic
field due to “Zitterbewegung” (trembling motion) of electrons in InAs two-
dimensional electrons. The parameter is the azimuth angle ¢ of the field as
defined in the scanning electron micrograph of the sample in the inset, in
which the red arrow indicates the electron path.

1. EF8EWT - ACVEERR
Quantum transport in charge and spin freedoms

2. EFBEZRWLHENROMR
Study of many-body effects in quantum structures
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KATSUMOTO, Shingo  NAKAMURA, Taketomo ENDO, Akira
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Professor Research Associate 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 some appli-
cations 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 struc-
tures with (1) combination of the spin-orbit interaction (SOI)
and nano-structures, also with (2) spin-injection in semicon-
ductor/ferromagnet monolithic structure. In two-dimensional
electrons with a strong SOI, we have realized spin interference
devices and also found phenomenon called “Zitterbewegung”
(trembling motion). Spin injection from epitaxially grown
Fe films with a high efficiency has been achieved. In a hybrid
system of superconductor and a diluted ferromagnetic semicon-
ductor we have observed superconducting Josephson currents.

30 w T
20- €
ke
> o
10F © Up sweep——

Down sweep——=— |

M (emu/cc)
(=]
|

0
400 50 0
| L | L \ L | H (oe\)

-30 - :
-7500 -5000 -2500 0 2500 5000 7500
H (Oe)
V3t 7Y URFIEEEICAWRERIENXEE (In, Fe)As ORiLERIR, £ EEA

HF=FOMPMIEROBREEFE, Ic MRABRERT . A TEARIKERERD
HSHIRTF M TR THL WREI Z R o

50 100

Magnetization curve of a diluted magnetic semiconductor (In,Fe)As, which
is used as an insulation layer of a Josephson junction. The upper-left inset
shows the differential resistance as a function of the voltage, in which Ic
indicates the critical current. The lower-right inset shows the critical current
as a function of magnetic field. Very rapid oscillation of Ic against the field
is recognizable.

Physics at interfaces between the phases with different symmetries
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DHIE KT H. ()Pt @ The relation between the conversion efficiency of spin Hall effect
28 vik—ILA (AE>i and the conductivity. (a) The schematic of spin absorption method.
- ERLMIHE )9y iz 1he pure spin current generated by the current flows between Cu
g, Pto gy & and Py electrodes, diffuses to right direction through the spin trans-
LT LR fEN IS S port channel (Cu). The spin current is absorbed by the spin Hall
Hh. H—mREMAHNE material (Pt), and converted to charge current via inverse spin Hall
ShTWERmhor, AffF effect. (b) The field dependence of inverse spin Hall resistance (RisHE
% Tl Osn iz Pt g = V/I) of Pt. (c) The conductivity dependence of spin Hall angle
BICLBIEEE (kL. (spin-current conversion efficiency))0SH of Pt. There has been a
ZhH RN - WEED significant spread in the Osy of Pt among reports. We revealed that
Sl k>t c=22  the Osg depends on the conductivity: the film quality of Pt, and the
dependence can be explained extrinsic and intrinsic mechanisms.
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1. AV ROERE L RIS

Mechanisms of pure spin current generation and detection

2. AV RERAWCHESHEER
Magnetic phase transition by using spin current
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Professor Research Associate

The concept of spin current, a flow of spin angular
momentum, appeared in the end of 20th century, and evolved
a new spintronic principle based on the atomic-scale angular
momentum conservation such as spin-transfer-torque. The
methods to generate, transport and detect the spin currents
have been well established in the following decade, leading the
spintronics research to a new phase. Recent studies revealed
interconversions among quasi-particles such as electron, spin,
phonon, photon and magnon etc. via spin current in a solid.
These interconversions, called as “spin conversion’, often take
place in the nano-scale regions at the interfaces of deferent
materials, and thus, have great versatility and application possi-
bility. Our fundamental researches explore new processes of the
spin conversion and clarify their mechanisms. We also develop
the spintronics devices to control a variety of spin conversion
processes using nanofabrication technologies.
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Spin-to-charge current conversion by inverse Rashba-
Edelstein effect. (a) Fermi contours splitting by Rashba effect
and the shift of Fermi surface to perpendicular direction of
spin polarization induced by non-equilibrium spin accumu-
lation after spin injection. (b) Schematic image of the experi-
mental setup for spin-current conversion at the interface of
Cu/Bi»03. (c) Magnetic field dependence of the inverse
Rashba-Edelstein voltage by means of spin pumping.

Spin-to-charge current conversion in the interface of topological insulator

4, BHEFEANDZALVEA
Spin injection into organic materials
5. BEMED SBLEFESRTFANDAEYVEA
Spin injection into superconductor from ferromagnet
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Komori Group
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(a-d) Topographic STM images of the Fe;N monolayer on Cu(001) at four
values of the tunneling current I between 45 and 0.1 nA. (e) Line profiles
along lines in (a-d). From the top to the bottom, I changes from 45 to 0.1
nA. Empty circles indicate peak positions. (f) Distant-dependent dI/dV
spectra measured at the tip-surface distance, d = 4.2, 3.4, and 2.9 A from the
bottom to the top. Iron 3d states are dominant when d is small.
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Professor Research Associate

Electronic and magnetic properties of low-dimensional and
atomic-layer materials with nanometer-scale structures 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. Local atomic, electronic
and magnetic structures, formation processes of surface atomic-
layer materials and dynamical processes induced by electron
tunneling or photo-excited carriers are examined by STM/STS,
while spin-resolved electronic structures, electron dynamics,
chemical bonds, and magnetic properties by electron and optical
spectroscopy using VUV light and soft-X-ray from laser and

synchrotron.
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(f) 5B Uz Bi1xSby ORE/\> RiEiE,

(a) STM images of a clean surface of Bij_xSby, revealing the hexagonal lat-
tice of surface atoms. (b-e) Fourie transformation (FT) of dI/dV maps at
E - Er = -140 (b), -40 (c), +160 (d), and +260 (e) meV on the clean surface
of BijxSby. The scattering vectors corresponding to the observed FT peaks
are labeled by ql1-q11. (f) Profiles of the FT images in the I-M and the I-K
directions. (g) Band structure of the clean surface of Bij_xSby reconstructed
from data in (f).

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

2. RYRILBFOL—Y XL LZBF - RTENERK

Electron and atom dynamics induced by electron tunneling and photo-excitation

3. BIRFE - RE T / BiEYEOAERE

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

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. RF/AFNZEaL—ravIicLBhHHE / EFAEYROBEE ALV RER STM I & % Z OFHE
Fabrication of spin systems by atomic manipulation and their characterization with SP-STM

3. EVWETRYEDOBETFIRE - B8Rt - BRISHE

Local electronic states, superconductivity, and magnetic properties of heavy-Fermion materials
4, FERT VY IARNVICLDZF/ AT =)L TOBMSH - ALV TREHE
Nano-scalel distribution of potential and spin current by scanning tunneling potentiometry
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Fig. 1. STEM images of spontaneously formed noble metal nanopillars in
SrTiOs. Pillar formation has been observed for Ir, Pt, Pd, and Rh. A suitable
depletion layer forms around Ir nanopillars in an Ir:SrTiO3 host matrix.
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Associate Professor Research Associate

Photocatalytic water splitting for hydrogen production
presents an interesting challenge for oxide semiconductor
development. The purpose is to design an oxide material that is
chemically stable in water, has a bandgap of about 2 eV, and has
high photocarrier mobility at room temperature. The first two
requirements can be met by using noble metal doped SrTiOs,
but the best photocatalysts, Ir:SrTiO3 and Rh:SrTiO3 have very
low photocarrier mobilities. We study the possibility of avoiding
the mobility problem by placing self-organized nanoscale metal
electrodes inside the oxide semiconductor. Spontaneous noble
segregation in a perovskite forms arrays of nanoscale metal
pillars (Fig. 1), which can form Schottky-type depletion layers in
the surrounding semiconductor (Fig. 2). The required photocar-
rier diffusion length thus becomes shorter and we can extract
photogenerated charge very efficiently from an intrinsically
low-mobility semiconductor.
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Fig. 2. Schematic illustration of a nanoscale metal nanopillar in a thin film (a).
A Schottky junctions forms between the metal and the oxide (b), effectively
separating photogenerated holes and electrons before recombination. The
metal nanopillar provides an efficient charge transport path to the photo-
catalyst surface for the oxygen evolution reaction.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. KABABBRISDEIRCICRIT FeBALYF B4R DR

Development of oxide photoelectrode materials for photocatalytic water splitting

3. BEMBIETILF T O v VRO
Polar oxides and multiferroic coupling

4. B> /EEEE T/ AVRY Y NEEOEM

Synthesis of nanostructures and nanocomposite thin films
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HARUYAMA, Junji
EEHERR

Visiting Associate Professor

Creation of various two-dimensional (2D) atom-thin layers
(ATLs) by some methods (e.g., mechanical exfoliation of bulk
layered materials using scotch tape) and research of those
spintronic, electronic, and photonic properties are ongoing. In
particular, nanomesh structures are fabricated on various 2D
ATLs (graphene, black phosphorus, hexagonal boron nitride,
and molybdenum disulfide (MoS3)) by using an original non
lithographic method (i.e., porous alumina template mask) and
unique magnetic and spintronic behaviors arising from the
ultra-clean and low-defect nanopore edges are studied associ-
ated with various adatoms terminating the pore edges.

Research of introduction of Rashba-type or intrinsic spin-
orbit interaction (SOI) into graphene, which has no SOI due to
its small mass, is also carried out by decoration of small-mass
adatms (hydrogen and fluorine) and heavy-mass nanoparticles
(Au, Ag, Pt, and B,Tes) It may lead to possible 2D topological
insulating state. As application to next-generation electronic and
photonic semiconductor ATL devices, a semiconductor -metal
transition of atom-thin MoS; is also studied by using electron-

or laser-beam irradiation.
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