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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
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Quantum devices based on two-dimensional materials

HEBE BlE A
Associate Professor SHIMAZAKI, Yuya

FI Course
TIERYETSE
App. Phys., Eng.

PEATRICE T2 HRAIICES LIz A LR T-RICBWNTY)
MEFHHEHTZ VS T LlE, AV y ZEOEFEOE
THolze TET DX S BTN 2 KT E DRSS FDET
LFeszRH UleF / A7 — )VJE OB I B0 T HERIC
KEETNTEHO, WMEMAEIRE, BEE, @k, Moy
TV ELBOBFYIME OB R ENTVS, TD
X EH LD AT ETROIRS SO AR B R U, il
TEOOEMAERRTZ LT, T/ AT—I)VOREICE
% R 2ZYEREOIBE AR CE B,

WS T EEA 2 Dot E R e LT, ZOET L
i TOBrYIEE~ 7 akkBE Y E S V7 OkE TN
A PpEROW J5 OB SWFERTT D o FHCERE T LRI
FOREEE LRI O RIC K B T a—7 « filfHEm U TF
DETYINE « BT T1 AYEZHSMCT %, 7727
0—7 & LB FYMEOH UOBERFEIT OV T E 2T
Do

(a)

(@) 2WTIBIC LB ET LIS T (b) FEAHRTE T LB FHOEEHEEFIRE
DFEeFIcLB 70—

(a) Moir¢ superlattice formed by two-dimensional materials (b) Strongly correlated elec-
tron states in a semiconductor moir¢ superlattice probed by excitons
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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.
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(a) Optical experimental setup (b) Two-dimensional material device (c) Optical cryostat (d)
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