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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 the 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 nanostructures formed on single crystal
surfaces, fabricating self-organized nanostructured materials, and the
development of new building blocks for quantum computers.

BMRAEE Vv IR—Zvy
Leader LIPPMAA, Mikk
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Otani Group

FiZE T —< Research Subjects

B RSO PERRAS £11C K B BRI R A ¥ VRO AL
Efficient pure spin current generation by magnon-phonon coupling

B o2 0 A T OBEER O LR
Orbital current generation at the interface of light elements

B JE R IR $50) B TR AR B e A B RS B
Current-driven fast magnetic domain wall motion in noncollinear
antiferromagnets

BN 5 B B T2 SR T E AL & B B SOV > A
FIRT Y EV T
Anomalous Nernst effect mapping by local heat flow injection using an
atomic force microscope

B —8& 5L

Research Associate
ISSHIKI, Hironari

BiR KB &b
Professor OTANI, Yoshichika

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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Magnetic imaging by the locally induced anomalous Nernst effect using atomic force
microscopy. (a) conceptual drawing of this method. (b) The topography of the sample. (c)
The Spatially resolved anomalous Nernst effect voltage under external magnetic fields.

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

Spintronics, which emerged at the end of the 20th century, is a science
that creates new functional devices by using spin currents, the flow of
spin angular momenta, and charge currents. It has developed as spin
conversion science in which quasiparticles such as electrons, phonons,
photons, and magnons are interconverted through spins in solids.
Recently, this has evolved into strong coupling spintronics, producing
new coupled quasiparticles such as magnon polarons. More recently,
orbital currents have emerged that carry angular momenta not only
by electron spin but also by electron orbitals. Since these spin/orbital-
mediated conversion/coupling phenomena often occur in the nanoscale
region near the relatively simple junction interface, they have excellent
versatility and applicability. Our laboratory develops novel conversion/
coupling among quasiparticles mediated by spins/orbitals through
experiments using nanoscale devices fabricated by microfabrication
technology. Furthermore, we elucidate the mechanisms of novel
phenomena from the viewpoint of fundamental solid-state physics.

(b)

FEHLARGRBL A Mn3Ge D RBEERSBIDREE. (a) Mn3Ge DS \IBF, (b)
FHBDSEM . (O BIA—MRICKYBREIN/IVABRICK SHEDS
HIEE.

Demonstration of a fast magnetic domain wall motion in a noncollinear antiferromagnet
Mn;3Ge. (a) The magnetic octopoles of Mn3Ge. (b) SEM image of the sample. (¢)The fast
domain wall motion induced by pulse currents observed by MOKE.
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*l% yi 61: % % Hashisaka Group

B3 7 — < Research Subjects

B /5 Boi 7R — VR O T = VifEh

Fractional quantum Hall quasiparticles and their statistics
FREYIIVI Y DIREO XA F I TR

Dynamics of topological edge states
B AV 23Ey 7 Z0 5 Tk

Quantum transport in mesoscopic systems

HHE BR &%
Associate Professor HASHISAKA, Masayuki
I Course

BYRMEBY
[Phys. Sci

BYORTIWHEEEFRMAEERZERE LT, #LL
ARG RIS 2 END 2, BIEE, N8R TR—
VIR, DR G ENEORERTH B, Thd [BTZ
WR) OREMIE. TORPMEDHE L LTO L DD
ICBENBHEDN D 5, BIARXDEERTFR—IVRICB T S
ke (7)) (3. FER T THZIETOE L 1 HOTR (3
D KO BN BTEBERZR DT EMHENDENT NS,
T ORI, A—ZEE - 7 2V IR E R RS T
fiat (oA UHiat) 2RO EMBNTED, FRrY
FVETFHBENOSHMIGFEN TV, AHEETE, &
TEARRORMEZ BN - HIHITH LickD, BT
T EDQBARER T TREITERW, Hrar st 7 Hdaf Oy
ZHIEL T ZTT> TV 5,

DE-BREFR-IVEST AR, HER1/3HEE ERTF. Bfe/3) &
SEX 1R (BEF. Efe) OBRFTvUT7DIAT Y FITLY, BESES
IHEEILT7 Y FL—IZ7BIRGHE LS,

False-color electron micrograph of the fractional-integer quantum Hall junction device.

Mismatch between the charge carriers causes Andreev-like reflection at the junction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hashisaka_group.html
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The interplay of quantum nature and the electron correlation causes
exotic phenomena in condensed matter, such as superconductivity, the
fractional quantum Hall effect, and the Kondo effect. Our research aims
to investigate these quantum many-body phenomena in mesoscopic
systems using nanofabrication and our original measurement techniques.
The quantum many-body systems sometimes show their peculiarity
as the beautiful characteristics of the elementary excitations. The
paradigmatic is the quasiparticles in the fractional quantum Hall states.
The quasiparticles have fractional charges smaller than the elementary
charge. More interestingly, they have anyonic statistics, the quantum
statistics that differ from the Bose and Fermi statistics. The quasiparticles
with highly nontrivial non-abelian statistics may open a route for
synthesizing the fault-tolerant topological quantum computer, thus
attracting growing attention in condensed matter physics and quantum
computational science. Our goal is to establish such novel quantum
technologies originating from the intriguing nature of quasiparticles in
quantum many-body systems.

B{F FET Z UL TIRR L IERERIB IR

Homemade-HEMT-based cryogenic transimpedance amplifier
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B3 7 — < Research Subjects

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

B~ 7 i AA Y AR STM IS & %7/ A7 — VRS SES
EREVEAFITA
Nanoscale detection of magnetic resonances and spin dynamics by
microwave-assisted spin-polarized STM

B AC U ARRUERRT > 3 AR VIS & B A OS2 MR
Real-space distribution of spin currents by spin-polarized scanning
tunneling potentiometry

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

B LEF g
Research Associate
HAZE, Masahiro

BE RB) =
Professor HASEGAWA, Yukio

FI Course
IERMETF
App. Phys., Eng.

EE Y IVEEMSE (STM) 13, Z0O57EE U CEmD
RS RHSMCT BDHEET, b FRIVYEIEIE &
DY T F B TOEFIREICET AHMAEZS 2, T5IKiE
A ¥ UM (SP-) STM 1T & % R AThie & R M 2 1H A ¥ U #
WEaEGIEHIT T ENTE S,

ERImEE T, MRS T CEIfEd 5 S T M2sE
T, REBIRE R & K E OB N 72 — Rt RTD
BRI, REMEIR & ORI RIC K DAL T N2 a8
£« MRV VIREOBIZ A TS, £z, SP-STM
IC X BRI T O R Y 2084 T )L 7% 8RR R GRS
B, A UEMRFRRT Y g X R VI & B A Uik
W, E5ITIE~ A 7 aiiE A X B SIS U
FIAEY A AT I ADOMEFELHMEL T, T u—T8H
BT T2 72t L2 B3 2 T LICE DA TV 5,

BLEeBRAE CORENR. ERTEPb(KE. £EHE) & PbiEE (HE,
BIEEE) ORETO b RIVAKH S, BEEFEDRED S 40nm lch
o TRH:E LTV BHRFHERRENS,

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 NcRENEHF. Co RFMNEHESILIE
(AR, £ER) T, BEEEDFTSIMER (ETR) 2885 & ZUNIVKRD
d PEDKFEFIREDNERREE 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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FiZE T —< Research Subjects

ﬁﬁi%ﬂiéhf:%?w%ﬁ%bzc}: %0 F O & R RIED
P

Activation and surface reaction of molecules on well-defined model
catalysts

Ik E D B AR OYIE & RS
Properties and reactions of materials with hydrogen

2 JoeA D EFIRE & RISTEDHIZE
Electronic states and reactivity of two-dimensional materials

B THz /L RIS K B ERMCBT BIE T« 972 A F 27 RO
Dylnamical processes of atoms and molecules on surfaces using THz
pulse

Bi¥ H BN

Research Associate
TANAKA, Shunsuke

BiE EE %
Professor YOSHINOBU, Jun

HI Courses
EFR(CF WHEEMER
Adv. Mat., Frontier Sci.

W BT« AR EEICER L, FTL OB E RS
% R ThHa T e, BERRTORE BETRETH
%o Il - WHIZYEBEHOLE T Tldixd, TRVF—%
DL E LT EETH S, FH 1A —)V TYIERE)Z Hil{E
L. HREE & DMEIRTINA ZAZAIBLT 2 723, i -
FURIC B 2 2B EERET 2 C EWARARTH S, Ll
BIBET« 3 7ORAF 7 AWRE, il T34 272
FT%% L, & BICHIBREREEDFHIC BT 2 LA RIGIC DWW T
EFENND 252 T NG, YWIRETIE, £ - AWicH
FBE T D FORAFIT A, BTV X IR
KOS - Yt - KBz, IREE. B Hode. EER b
> 3 VBRSSO BREN 4 PREEE SR E L 2 BRAE LT
HLTW3, £z, Y7o bayghtefniet X5y
RABE TR HEHEE L TWD, . THz 2OV RIC K £
Tt A0 TaY 7 MR ATV S,

Near saturation

Clean PdfCu(111)

Low coverage
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BRFELET/VAME PA/CU(111) [CBIF BKEDREREE RAE)LA —N\—T A+ R

Dissociation and spillover processes of hydrogen on the single atom alloy Pd/Cu(111)
model catalyst surface

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshinobu_group.html
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Solid surfaces play an important role as “low dimensional reaction
field”, on which we can provide atoms and molecules and manipulate
them deliberately. In addition, surface and interface are vital in the
energy conversion processes. In order to fabricate atomically-controlled
functional 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 and clouds in atmosphere with laboratory experiments
in ultrahigh vacuum at low temperature. We have utilized surface
vibrational spectroscopy, photoelectron spectroscopy and local probe
methods in order to investigate structures, reactions and electronic
properties of atoms/molecules and thin films on surfaces. Synchrotron
radiation (KEK-PF, SPring-8 etc.) is also used to study the electronic
states of surface and interface, including operando X-ray photoelectron
spectroscopy. Recently, we have engaged in the study of THz-pulse
driven surface processes.

THz )NV ARSI RERISEE HUKHRE & DHEHRE)

The apparatus for THz-pulse induced surface reactions (collaborated with
Matsunaga Lab.)
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FiZE T —< Research Subjects

POV A L——HEREIC & % B (L K U T ks
(S
Growth of thin oxide films and heterostructures by pulsed laser
deposition

BeAtn )/ BB XU/ 3V Ry RO K
Synthesis of nanostructures and nanocomposite thin films

K- BT > R MO AR
Fabrication of organic-inorganic composite thin films

SKUKFRENC U % 53 THLlf 0 Z O G5
In sitfu tracking of molecular motions and orientations at the air-water
interface

B & TR
Research Associate
MORI, Taizo

BE JyIv—
Professor LIPPMAA, Mikk

FI Course
FEEMER
Adv. Mat., Frontier Sci.
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Model structure of Polyhedral Oligomeric SilSesquioxanes and surface pressure-molecu-
lar area isotherm of a POSS used in this work.

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

Our laboratory mostly works on oxide thin films and heterostructures
grown by pulsed laser deposition. Recently, we have looked at other
interfaces, preparing Polyhedral Oligomeric SilSesquioxanes (POSS)
molecular layers. POSSs have a cage structure and can be modified
with various functional groups. Molecular layers can be prepared at the
air-water interface by using the Langmuir-Blodgett method. POSS is
an organic-inorganic composite material with potential applications in
electronics and photonics.

When a POSS with hydrophilic cyclohexanediol is spread at the
air-water interface, the thin film can be transferred onto a substrate at a
specific surface pressure. As shown in the surface pressure-molecular
area isotherm and atomic force microscope images, the POSS formed a
uniform monolayer. The band structures with the height of several nm
and the width of tens mm form at higher transfer pressure. Such thin
films can be used in novel sensor systems, where cyclohexanediol works
as a functional group.

REE 20 & 30 mN/m TEREE Nz POSS-1 D AFM Ef5
AFM images of POSS films transferred at surface pressure of 20 and 30 mN/m.
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EARTIC BT 2 G0 TIROMLELE TIRE. BXU,
ZOISHICEH L THIgE 2T > T0W5b, BEGBD I vED
BEONTT VU ERICET ZAKS TR, s I BY
BEFE B OAICHR T B Na T S AR KER BRI L o
TR a7 FIEIERT %, T HICTNED7 I, Cu®
Ag B EDOEETIE, BN VRIGE FNEDOEBIRFENT
Lichw 7TV YT RINC KD, AR ERGE R S
N3, ZREA RS ENRE B ORGEWEE &0 o 72544
WS CTEDX ST E N5 MBI,

e 7 SOSSRBNIAE B TR E Nz 2 o G e
EEEO S B, AR ET ZHEBEIE,. KX FZELE LT,
A SRS T+ 5 77 T OFLICHIIE S B, T ORHESBEIC X D .
W 7 T DS RENZT SN, £z, BHCAD SN
JRF- 5 AR—=EIEINT %, TOZILMEAESEERIC X
WSS A5 F- O UIADI JF T 0 T OISR R E & Vo
TR U, N BRI R S AU LK - R
EHIETZ20EEEND S, TOIGHICE L TE5HBRERE
DTN,

FEAERE BREE
Visiting Associate Professor TSUKAHARA, Noriyuki

We focus on the structure, electronic states, and applications of
molecular films on solid surfaces. In particular, organohalide molecules
including Br and I atoms form characteristic molecular films due to
halogen-bonds and hydrogen-bonds derived from the unique charge
distribution at the halogen atoms. Furthermore, these molecules form
organometallic superstructure films on Cu and Ag surfaces where
dehalogenation reactions and subsequent coupling reactions occur via
coordination bonds with the metal atoms. It is interesting how molecular
films with various structures are formed depending on the conditions
such as the substrate metal, its structure and temperature.

In addition, organometallic films with nanometer-sized pores may
capture incoming guest adatoms and molecules in their pores. As a
result, the adsorption structure of adsorbed molecules are modified
compared to the adsorption state without the film; the adsorbed atoms
can be confined and grow as nanoclusters in the pore. The confinement
of adsorbed atoms/molecules by the porous organometallic film affects
and/or controls the dynamic processes such as diffusion and aggregation
of atoms/molecules; we will explore the application of the films.
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