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Scope of Research

Our research interest is to understand optical and quantum
properties of nanometer-structured materials and to establish
opto-nanoscience for creation of innovative functional mate-
rials. Space- and time-resolved laser spectroscopy is used to
study optical properties of semiconductor quantum nano-
structures and strongly correlated electron systems in low-
dimensional materials. The main subjects are as follows: 1)
investigation of optical properties of single nanostructures
through the development of a high-resolution optical micro-
scope, 2) ultrafast optical spectroscopy of excited states of
semiconductor nanostructures, 3) photophysics of solar cell
materials, and 4) engineering material properties with lights.
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Topics

The Second- and Third-Harmonic Generation
from Spin Precession in a Canted Antiferro-
magnet

Recently, antiferromagnetic spintronics is considered as
one of the important next-generation information technol-
ogies, owing to the low-loss and non-volatility of spin
properties. Therefore, the spin dynamics in antiferromag-
nets with the resonance at terahertz (THz) frequencies, has
attracted much interest. However, because of the lack of
strong THz magnetic fields, the THz spin dynamics has not
yet been well understood. In this study, we developed a
novel micro-resonator to efficiently enhance the magnetic
component of THz wave, which allows the generation of
the world’s strongest THz magnetic field up to 2 Tesla in
an antiferromagnet HoFeO,." By using this strong THz
magnetic field, we succeeded in inducing the unprecedentedly
large magnetization change and thus generating the second
and third harmonics of fundamental spin frequency (Fig.
1), for the first time. Furthermore, our research provides a
deep understanding of relationship between the harmonics
and the spin structure. The efficient excitation method of
spin dynamics and the understanding of nonlinear spin
dynamics can help us establish novel nonlinear spintronics
at terahertz frequencies.
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Figure 1. Spectrum of spin dynamics. Different colors indicate different
excitation powers.

Size-Dependent Structural Phase Transition
in Single Lead Halide Perovskite Nanocrystals

Lead halide perovskite nanocrystals (NCs) have attracted
attention as a new light-emitting material because of their
high photoluminescence (PL) quantum yields and bandgap
tunability around the whole visible region. Halide perovskites
have three crystal structures (orthorhombic, tetragonal, and
cubic), and the PL peak energy depends strongly on the
crystal structure. However, it is unclear how the NC size
affects the phase transition temperature. In this study, we
investigated the temperature dependence of the PL spectra
in single perovskite APbBr; (A = FA (HC(NH,),) and Cs)
NCs from 5.5 to 200 K using single-dot PL spectroscopy.”
For FAPbBr; NCs, a redshift in PL peak energy due to the
orthorhombic to tetragonal phase transition is observed
between 100 and 150 K, while CsPbBr; NCs show no
phase transition within the observed temperature range. We
found that the phase transition temperature decreases in
smaller FAPbBr; NCs (Fig. 2).
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Figure 2. Size dependent orthorhombic-to-tetragonal phase transition
temperature (7;) in FAPbBr; NCs.

Anomalous Band-Edge Optical Responses in
a Two-Dimensional Ferroelectric Halide
Perovskite

In two-dimensional (2D) halide perovskites, electrons
and holes confined in atomically thin 2D perovskite layers
form excitons with extremely large binding energies. The
peculiar optical properties emerge from such stable excitons.
In addition, because the lattice distortion of the perovskite
structure can be controlled by the organic molecular cations
contained in 2D halide perovskites, the unique structural
properties appear: Large lattice distortion introduced by
large-sized organic cations results in the emergence of
ferroelectricity in 2D halide perovskites. Therefore, clarifying
the correlation between the crystal structure and optical
properties is important for understanding the physical
properties of ferroelectric halide perovskites and develop-
ing new devices. In this study, we measured the temperature
dependences of the absorption spectra, second harmonic
generation (SHG) intensity, and lattice constants of 2D
ferroelectric perovskite (BA),(EA),Pbsl,, single crystals
(BA is n-butylammonium and EA is ethylammonium).”
We found the anomalous temperature behavior of the
Urbach tail of the absorption spectrum exhibiting a signifi-
cant change at around 200 K. We revealed that this change
is correlated with the temperature dependences of the SHG
intensity and the in-plane lattice distortion. We concluded
that the randomness of the ferroelectric polarizations
modifies the linewidth of the band-edge exciton transition
and leads to the anomalous temperature dependence of the
steepness parameter of the Urbach tail.
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