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The Division of Nanoscale Science brings together laboratories
working on a variety of low-dimensional nanoscale devices and
materials. The nanoscale systems that we study are built either by
fabricating nanoscale electronic devices, typically by electron beam
lithography or focused ion beam milling, or formed spontaneously
during thin film growth or by deposition of nanoscale layers on
atomically well-ordered surfaces. We use scanning probe microscopes
for spatially-resolved physical property studies on surfaces and
a variety of low-temperature transport and magnetotransport
techniques for materials characterization and property analysis. We
have recently started a new microfabrication facility for combining
nanoscale materials and device studies with quantum measurement
methods available at ISSP. The facility helps researchers to utilize the
microfabrication and analytical tools in our laboratories to prepare
suitable device structures for a variety of quantum measurements
at low temperatures, high magnetic fields, etc. The recent research
topics include studies on spin currents in nanoscale 2DEG devices,
exploration of spin-to-charge current conversion phenomena at
interfaces and heterostructures, development of spintronic devices,
scanning-probe studies of superconductivity and topological states in
nanostructured formed on single crystal surfaces, and development
of thin film methods for fabricating self-organized nanostructured
materials.

BRFEEE Uy SR— vy
Leader LIPPMAA, Mikk
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B EoYh Ay ha=s 2
Topological spintronics

DEAEY FOZY X
Molecular spintronics

A > T — )V RO FEBIEAE O & BEREME D BT
Elucidation of the mechanism of the magnetic spin Hall effect and
development of functionality

TSR SRS (1S & 2 iR A ¥ ARERK

Efficient pure spin current generation by magnon-phonon coupling

B —& 5L

Research Associate
ISSHIKI, Hironari

iR KB ®=A
Professor OTANI, Yoshichika

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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Ta/CoFeB(1.6 nm)/Mg0

Ta / CoFeB / MgO |ZH 1) R M MR DIFBR G, (A) FANILVYERET
REHMEK (SAW) Z FMBLERT BT /31 ADERAR, (B) SAW BE + k
BEU kIeH1F 2 AV FHRFADAORERMERDBRP £ k

Nonreciprocal propagation of magnetoacoustic waves in Ta/CoFeB/MgO. (A) Device

schematics of SAWs coupling to an FM layer at gigahertz frequencies. (B) Attenuation of
acoustic waves, Pxy, near a spin-wave resonance condition for SAW numbers +k and —&.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/otani_group.html

The concept of “spin current”, which appeared at the end of the 20th
century, established the principle of effectively using electric and spin
currents. Thereby, spintronics research has evolved as a “spin conversion
science” in which quasiparticles such as electric charges, spins, phonons,
photons, and magnons are converted to each other through spins in
solids. More recently, this spin conversion science has evolved into
strong coupling spintronics, producing novel coupled quasiparticles, such
as magnetic polarons. Since these spin-mediated conversion/coupling
phenomena often occur in the nanoscale region near the relatively simple
junction interface, they have excellent versatility and applicability.
From the viewpoint of fundamental solid-state physics, our laboratory
is developing novel quasiparticle conversions and coupling mediated by
spins and elucidating their mechanisms. We also research and develop
nanoscale spin conversion/coupling devices based on the quasiparticle
conversion and coupling that we have elucidated using microfabrication
technology.
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Weyl 58E&IE4R CooMnGa DER A E Y R—IL3HR, (A) FERFEREBENERT
D SEM 1. (B)CooMnGa MR DB IS LIzIEBAAE Y /\IVTES. (O
CooMnGa DALY R— LR EMA LY R—ILFHRDES

Giant spin Hall effect of a Weyl ferromagnet CooMnGa. (a) SEM image of a non-local
spin valve structure. (b) The non-local spin valve signals with and w/o Co,MnGa wire. (c)
The signals of spin Hall effect and it’s inverse of CooMnGa.
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H% ZIK m % % Katsumoto Group

FiZE T —< Research Subjects

Bl PR - A S

Quantum transport in charge and spin freedoms
RIS F W e 2050 OB

Study of many-body effects in quantum structures
FOMFRE N 70w REEIEICAE C 2 Y BBIR

Physics at interfaces between the phases with different symmetries
HPR—IVEIR

Quantum Hall effect

y /!

I

B =i ¥
Research Associate
ENDO, Akira

Bk BEx 5
Professor KATSUMOTO, Shingo

FI Course
B REF
[Phys., Sci.|

PEROSE OB ERIN. S 2N 9 54
MizFAWT, BT, JIER. Ry Mot /ihEhon
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VR EFHRT VDS, EFAEY, BACVOMD T AY
VHIG, JE - JERTEVR B BRI HE S YIRS ORI
1T7->TW5,
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Beam splitter of spin-polarized quantum Hall edge states. Upper left: Configuration of
gate electrodes. Lower left: Output of an interferometer which utilizes the beam splitter,
as a function of magnetic field. Right: Color plot of the interferometer output on the plane
of gate voltage and magnetic field.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/katsumoto_group.html
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With the epitaxial growth of semiconductor and metallic films
and nanofabrication techniques, we study quantum effects in low
dimensional systems like quantum dots, wires and wells. Our research
also spans some applications 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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(a) Hall resistance Ry, (left axis) and magnetoresistance Ry, (right axis) of a two-dimen-
sional electron gas with (solid line) and without (dashed line) the unidirectional periodic
potential modulation. (b) Increment in Ry and Ry, attributable to the modulation. Com-
mensurability oscillations are clearly observed also in Ry.
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B3 7 — < Research Subjects

Bl (i STM I & 2 RS RS / bR T Y Utk OFR
Exploration of peculiar superconducting / topological states using low-
temperature STM

B <1/ i AR AR STM IS X% T/ R — VRS
EREVEAFITA
Nanoscale detection of magnetic resonances and spin dynamics by
microwave-assisted spin-polarized STM

B AC U ARRUERRT Y 3 AR VIS & B AL O A R
Real-space distribution of spin currents by spin-polarized scanning
tunneling potentiometry

B 57— X R & % R T TIRRES
Effective collection of local density of states with an assist of data
science

Bh¥ L& A
Research Associate
HAZE, Masahiro

B RA) =i
Professor HASEGAWA, Yukio

FI Course
TIERYETSE
App. Phys., Eng.

EE Y IVEMEE (STM) &, Z 057 U TEmD
JRTREEZIHLNICT 2 DHRE5T, bRV HRIEIC &
DY TF B TOEFIREICETAHMAEZS 2, T5IKiE
A UM (SP-) STM IZ & % R AT & R 2 A ¥ U #
WEaGIEHI T ENTE S,

ERImEE T, MUKIEEEY T CHIfEd 5 S T M2sE
N T, BEBIRE R & KON 7z Rt RTD
AR, REMER & ORI RIC X DAL T N2 Rz i
7« bRO Y AVIREOBINZ A T %, £z, SP-STM
IZ K BN T DAY > 2081 5 )V 7k E R R 75 R i &R
B, A URERRRT Y g X NIk B A Uik
W, E5ITE~ A 7 aiiE A X B SIS U R
HIAE Y ZAF I ADOMEELHHEL THBO, To—7
MBI T 72t L& PR T 2 T LICE DA TV 5,

BEESBEAEMCOAENR. BEFEPb(KE, £B4H) & PbiEE (EE.
BIEEE) ORETO bR IVDKH S, BEERFEHDRED S5 40nm ich
o TRH:E LTV BERFHBRRENS,

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 superconductivity into the metal layer with a
decay length of 40 nm.

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

Scanning tunneling microscopy (STM) reveals not only atomic
structure of surfaces but also electronic states of 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 superconducting and topological states
that are found e.g. at surfaces, where inversion symmetry is broken,
and in the proximity with ferromagnetic and topological materials, have
been explored. We have also studied local magnetic properties of nano
magnets, peculiar spin-spiral structures, and energy dispersion of surface
magnons using SP-STM and SP-IETS. We have also explored unique
functionality of the probe microscopy; recent examples include the
investigation of local spin dynamics through the detection of magnetic
resonances using microwave-assisted SP-STM, spin current detection
using SP-scanning tunneling potentiometry, and efficient collection of
local density of states based on data-driven science.

BEVETFRWE CeColns TRAIE NcRENEHT. Co RFANEHESILIE
(AR, £LER) T, BEEEDFTSIMER (ETR) 2885 & ZUNIVKRD
d PEDHFETIREDNERRE NS,

Surface-induced orbital ordered states observed on a heavy-fermion material CeColns.
In STM images taken on a Co-terminated surface in standard conditions, round-shaped
Co atoms are observed (center and upper- left images). In STM images taken in closer
distances (lower-right) we observed an ordered phase of dumbbell-shaped d-orbitals.
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]) 4 70 ? — E{ % % Lippmaa Group
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ﬂggxb—ﬁ—%%&t;é@k%@%%i@«%mﬁﬁ®
1
Growth of thin oxide films and heterostructures by pulsed laser
deposition

ﬂ%ﬁ%%%@ﬁﬁ@%%%ktﬁw&%k%*%%ﬁﬂ®%

Development of oxide photoelectrode materials for photocatalytic
water splitting

WAL/ REiEB KO/ OV RYy MEED K
Synthesis of nanostructures and nanocomposite thin films

B XUKSRIC 51 %50 RO Z D83815¢
In situ tracking of molecular motions and orientations at the air-water
interface

g

3 | B# & R
- 1 wiEl Research Associate
\\ _/‘ i N MORI, Taizo
BE VyvIv— vy

Professor LIPPMAA, Mikk

I Course

FAME R
[Adv. Mat_ Frontier Sci.|
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ICDOWTHIZRL TV B, FRIC, A HRITE T AEDOI
PN, 10 K KmlcBWTncizCA5 2 2R AL, 20
SAED NSO R B REE I AEZT B e 2R L, T
OB, NTHUENICZEDOF v ) 7ENMAET S &
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BH, W2 (b AT =R e RT (HRKD, Thid,
—HRDF X U TN Ty SEN, AT EEEND S EAIC
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Variation of the low-temperature resistivity of SrTiO3/LaTiO3/SrTiO3 heterostructures
with different cap layer thicknesses.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/lippmaa_group.html
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Two-dimensional electron gas (2DEG) layers can form at various
oxide interfaces. Some of the best known oxide 2DEGs occur in
heterostructures that combine SrTiO3 with LaAlO3 or LaTiO3. In
our recent work, we have studied the effects of crystal defects on the
accumulation of carriers in quantum wells that form at such interfaces.

In particular, we find that the low-temperature resistivity of the 2DEG
layer often shows an upturn below about 10 K (left) and this upturn is
dependent on the particular thin film growth conditions and thin film
thicknesses.

This type of behavior is related to the presence of multiple parallel layers
of carriers in the heterostructure.

As shown on the right, the resistivity of the heterostructures can be
changed by applying an electric field with a gate electrode. However, the
resistivity behavior is not monotonic and shows a memory effect, which
indicates that some of the carriers are trapped and permanently removed
from the heterostructure. In our work we attempt to determine where
the trapping occurs and find methods of eliminating the effect of carrier
traps on the low-temperature transport characteristics of the oxide 2DEG
heterostructures.
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Fr U TBENZTNZNELZZ DD SITiO3/LaTiOz/SITiOs N7 OEEICH N T
SITO3BICF v UTHR S v EVTENDTETAEY —HRHERT 5,

Memory effect caused by carrier trapping in SrTiO3 in two SrTiO3/LaTiO3/SrTiO3 het-
erostructures with different total carrier densities.
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NEABEHE NVAaIb RT4TRX X—AR
Visiting Professor ~ BATZILL, Matthias Marcus

Two-dimensional (2D) materials exhibit covalent bonding within
a molecular plane and have no unsaturated chemical bonds normal
to that plane. The ability to grow these extended ultrathin sheets by
molecular beam epitaxy (MBE), in principle, allows an assembly of
heterostructures of dissimilar 2D materials whose properties are altered
only through weak interlayer interactions or proximity effects. In
addition, lattice discontinuities, for example, at edges of 2D materials
may exhibit trivial or topological edge states. Point defects or impurity
dopants may also be used to introduce new functionalities into 2D
materials.

In our studies we focus on transition metal dichalcogenides (TMDs) as a
broad family of 2D materials that span a large range of properties from
super- to semi-conducting and various magnetic states. These materials
can be thought of as a set of building blocks that if successfully prepared
in heterostructures enables the study of nanoscale proximity effects.
Scanning tunneling microscopy/spectroscopy are preferred tools to
investigate local modifications in TMDs due to interlayer interactions,
proximity with dissimilar materials, or local lattice modifications.
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