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The Nanoscale Quantum Science Center (Q-NanoLab) was established
to integrate two core strengths of The Institute for Solid State
Physics: the exploration of novel materials and emergent quantum
phenomena, and advanced measurements conducted under extreme
conditions using large-scale facilities. By leveraging state-of-the-art
nanofabrication and nanoscale characterization techniques, the Center
provides a comprehensive platform that connects material synthesis,
device fabrication, and advanced measurements.

Based on technologies for fabricating and controlling a wide variety
of quantum materials at the nanoscale, Q-NanoLab promotes both
the exploration of novel material functionalities and fundamental
studies aimed at elucidating the behavior of quantum degrees of
freedom, such as charge and spin. Through these efforts, the Center
advances research that links fundamental condensed matter physics to
future electronic functionalities, including quantum technologies and
spintronics.

In addition to its research activities, Q-NanoLab provides access
to nanofabrication facilities that are maintained and operated by
the Center for both internal and external researchers. In this role,
the Center serves as a key nanofabrication infrastructure hub at the
University of Tokyo’s Kashiwa Campus, supporting a broad range of
collaborative research activities.

tVE—K Bk &%
Leader HASHISAKA, Masayuki
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Exploration of novel physical properties based on symmetry control of two-
dimensional materials

B s IR 1 % REE
Measurement of quantum states in atomic layer materials
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ELE IR
Rectification effect: Nonreciprocal transport, superconducting diode effect and
bulk photovoltaic effect

a %?J%%E@*E%U?ﬂ CREMERORMAE, R DV ARRED

Phase control of atomic layer materials: Control of magnetism,
superconductivity, topological states, etc

B#E Hh RPF
Research Associate
TANAKA, Miuko

EER AFLE s

Associate Professor IDEUE, Toshiya
FI Course
BT

[App. Phys., Eng.

JRFIEEJE N 5 75 % 2 ot 3 ERP 2O LG &
L OGRERERTHEZED TV S, N5 3 Kockiimcld
WA= ERT C EITA, TN 2 L&Y -
Wb - 5172 EOSMGHIIN, BAUL AR TIE HEREHE >N
T a S/ R0 BRSO REEIC K > T OE a1
JRRE, WFRMEZ ATEICHIEITTRE CH O, ZNZE KU TR
MHEREME 2RI T 2 T ENTES, AIRETIE. TDES
7% 2 TR T EYIE R O BRI EEY . e
ROz A L HfRIC K > T WERZEO T YT« 7 2Bt
T2 EZHIBL TS, BRPAE Y T &V o Ttk
7T H HE ORI  s T, & ERE 2 Vs T
HEEWCI D FHA TV B,

2 RTRFEMEDHEE 7/ ZFEL,  (a) BBFPAIC K 2 BRL L ERTEIC K
ZREHBEDIER, (b) BEHET /N1 REBERIRT/ N\ ADBEHREH,

Controllability of two-dimensional materials and device fabrications. (a) Thin film device
and van der Waals interface made by exfoliation, transfer and stacking techniques. (b)
Pictures of vertical junction device and field-effect device.

Atomically thin two-dimensional materials have recently attracted
significant attention as a new materials platform. In addition to the
unique physical properties, which are absent in bulk three-dimensional
materials, we can freely control the structures, electronic states and
symmetries of two-dimensional materials and realize the emergent
functionalities by device fabrication, application of the external pressure
or electric/magnetic field, electro-chemical gating method, and making
van der Waals hetero/twisted interfaces or curved nanostructures.
We are exploring novel transport phenomena, superconducting
properties, and optical properties in these two-dimensional materials
and pioneering the frontier of material science. We are aiming at
controlling the various quantum degrees of freedom or elementary
excitations in two-dimensional materials (charge, spin, lattice, exciton,
superconducting vortex etc.), realizing exotic quantum functionalities
such as quantum rectification effect (nonreciprocal transport,
superconducting diode effect, and bulk photovoltaic effect) and quantum
phase control (electric-field-induced superconductivity, topological
phase transition, magnetic order control), and also developing new
quantum measurement techniques using microwave.

@) XAV DRHIRB ERFEMEDHES 7 /N1 AEHBE— K (b) BHOLHIS
BFAERERFES /MEICHT BHER.

(a) Microwave resonator coupled with two-dimensional material and observed resonance
mode. (b) Optical measurement system and photocurrent response in two-dimensional
materials.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/ideue_group.html
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Exploration of physical properties via precise electrical control of electrons in
semiconductor moiré superlattices
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Development of methods for exploring electronic properties using excitons as
a probe

B 2YotiiEic K38 77N1 &

Quantum devices based on two-dimensional materials
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Associate Professor SHIMAZAKI, Yuya
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(a) Moir¢ superlattice formed by two-dimensional materials (b) Strongly correlated elec-
tron states in a semiconductor moiré superlattice probed by excitons

Realizing artificial quantum systems with regularly arranged electrons
in semiconductors to simulate physical properties has long been a dream
in mesoscopic physics. Recently, such systems have been realized using
nanoscale-period moiré superlattices formed by interference patterns
in two-dimensional materials. These systems exhibit a wide range of
quantum phenomena, including strongly correlated electron states,
superconductivity, magnetism, and topological properties. Understanding
and controlling the behavior of these novel quantum systems at a
microscopic level can lead to the development of metamaterial science at
the nanoscale.

Our laboratory focuses on the study of moiré superlattices in
semiconductor two-dimensional materials, investigating their electronic
properties from both macroscopic quantum phenomena and microscopic
quantum device physics. In particular, we aim to reveal quantum
properties and device physics through precise electrical control and
optical excitation. Additionally, we are developing new methods to
explore electronic properties using excitons as probes.

(@) HFERRR (b) 2RTMET NA R (Q ARV SAFRZY b (d) FvTFv
V7 EDTNAAEE

(a) Optical experimental setup (b) Two-dimensional material device (c) Optical cryostat (d)
Device image on chip carrier

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/shimazaki_group.html
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Fractional quantum Hall quasiparticles and their statistics

RREDAIVT Y DARRED XA F I A
Dynamics of topological edge states
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Quantum transport in mesoscopic systems
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Development of Quantum Material Functionalities through Nanofabrication
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Associate Professor HASHISAKA, Masayuki
FI Course
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False-color electron micrograph of the fractional-integer quantum Hall junction device.
Mismatch between the charge carriers causes Andreev-like reflection at the junction.

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 FET Z BV TR L BB BEER

Homemade-HEMT-based cryogenic transimpedance amplifier

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hashisaka_group.html
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Chiral molecular spintronics

B e rpEiaeyra=s 2

Quantum material spintronics
BL—v—xs70nktelnkt—Ciro=s2%

Orbitronics using pulse laser and microwave spectroscopy

BEH AR &2
Research Associate
AOKI, Motomi
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Associate Professor MIWA, Shinji
I Course
Adv. Mat., Frontier Sci.
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Chiral molecular spintronics: a, An example of a unique nanostructure. b, Chiral molecule

and symmetry. ¢, Thermally driven spin polarization induced by chirality-induced spin
selectivity (CISS).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/miwa_group.html
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We are conducting experimental research on the physical properties of
unique nanostructures. Specifically, we utilize ultrahigh vacuum thin
film growth technology, a development from semiconductor engineering,
to study multilayer devices composed of interfaces between different
materials. Our focus is on the properties of “spin”, which become
pronounced at the nanoscale. Our goal is to uncover new physical
properties exhibited by novel material devices, to functionalize these
properties, and to understand the underlying physics for creating device
properties with significant effects at room temperature.

Recently, our research has concentrated on the chirality of materials.
Chirality is a property that finds relevance not only in physics but also
in chemistry, biology, and astronomy. We are especially progressing
in research on spintronic devices that exploit the chirality of organic
molecules. Additionally, we are investigating the device properties
of topological antiferromagnetic materials—quantum materials—and
developing "operando spectroscopy" techniques using femtosecond
pulse lasers and X-ray spectroscopy.

EFMEACY bOZY X :a, MROYAHIVRFEELER Mn3Sn D AE Y RUHE
BIEE, b PFRIEZF Y —EICIVIER L BREEDETENHEEE,
¢, MROVAIVRBEHMARIC KD b R VEBESIRI R,

Quantum materials spintronics: a, Spin and crystal structure of the topological antiferro-
magnet Mn3Sn. b, Transmission electron microscope image of the multilayer structure of
Mn3Sn prepared by molecular beam epitaxy. ¢, Tunnel magnetoresistance of the topologi-
cal antiferromagnet.
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Nanofabrication Section
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Chairperson : HASHISAKA, Masayuki Research Associate : ENDO, Akira

|EmE HFE Hd HMErImE B4 &R

Contact Person : IDEUE, Toshiya Senior Technical Specialist : HASHIMOTO, Yoshiaki

BEME B At

Contact Person : SHIMAZAKI, Yuya

BUFRE =8 HmW
Contact Person : MIWA, Shinji
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This section is responsible for the maintenance and inspection of
nanofabrication equipment operated by the Nanoscale Quantum Science
Center, as well as for user support. Laboratory staff provide consultation
services, offering technical advice and training on equipment operation.
Users are required to complete designated training sessions, after which
they are authorized to independently operate the equipment.

TEWH
ETRHELE, R4 VC—LEE T4 VIS T —RE &
WREEE. 3H

Major Equipment
Electron beam lithography system, Focused ion beam processing system, photolithography
system, various deposition systems, etc.

BFRIVIT T4 —EB(IVFZIR), RESMREEIE 75KV, E—LE
& 2nm,

Electron beam lithography system (Elionix). The highest acceleration voltage is 75 kV.
The beam diameter is 2 nm.

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