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Exploration of novel physical properties based on symmetry control of
two-dimensional materials
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Measurement of quantum states in atomic layer materials
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Rectification effect: Nonrecirpcoal transport, superconducting diode
effect and bulk photovoltaic effect
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Phase control of atomic layer materials: Control of magnetism,
superconductivity, topological states, etc.

B HB RPF
Research Associate
TANAKA, Miuko

HEEER AFLE s

Associate Professor IDEUE, Toshiya

FI Course
TIERYETSE
App. Phys., Eng.

JRFIEEE N 5 75 % 2 Dot 3Rl 2o LG &
LCRERERTHZEDTVS, TNHIF 3 JuckERicid
BV ERT T IiTinA., T3 AL EY -
W « 7172 E OGN, BAULAHFE. dhERfhL o
T a SR/ £ 0 BEE S OFRERIC K > TYE OG- &1
IRRE, MRtz ATEICHIETRETH O, Z Nz s U 7R
HREMEZ AT 2 2 BN TED, AWIRETIE, TDXD
7% 2 DO YR O AU RHE OB S, e
Ktk R BRI K o C. WERZO T a YT ¢ 7 Z2ith
FHILZHBELTVS, ERPAE VT &V > Tehk &
7T HHE ORI RS ', SEE 2 s T
HIEICH D FHA TV B,

(2‘I'

-

(b)

2 RTRFEMEDHIEE 7/ AR, (a) BEFPAIC K 2 BRL LT EIC K
HHEEHBEDER, (b) BEEST /M ALEBRNRT /N1 ROBEHEEH,

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