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Threefold enhancement of second harmonic generation

in 2D Janus materials

Laser technology has numerous applications in our daily lives.
We can easily find lasers in laser pointers, laser scales, laser eye
surgery, or laser scanners in retail stores to scan barcodes on
products. Although commonly available lasers can generate
only a few specific wavelengths, this is still sufficient for most
purposes. For instance, most laser pointers emit red (630 nm
to 670 nm) and green (520 nm to 532 nm) light. However,
the semiconductor industry requires a wide range of laser
wavelengths to probe new semiconductor materials. Second
harmonic generation (SHG) is a promising technology that can
control the laser wavelength in semiconductor devices. SHG is
a nonlinear optical process in which two photons with the same
frequency (w) interact nonlinearly with the material, and as a
result, a single photon with twice the frequency (2w) (or half
wavelength) is generated. Basically, it is a phenomenon where
incoming light is converted into light with double the frequency
or half wavelength. Therefore, searching for new SHG materials
is a hot research topic in optoelectronics and lasers.

The materials capable of the SHG must have a symmetry that
lacks spatial inversion. Therefore, the selection of SHG materials
is limited. Transition metal dichalcogenides (TMDs) are a specific
category of two-dimensional (2D) materials that consist of a
transition metal, such as tungsten or molybdenum, between
two chalcogen elements like sulfur, selenium, or tellurium. When
the top and bottom chalcogen layers are made of different
elements, the structure called Janus TMDs, named after the
two-faced Roman god Janus, do not have inversion symmetry
between two surfaces of thin material. This inherent asymmetry
makes 2D Janus-TMD materials suitable for SHG, particularly
when the two TMDs are hetero-stacked, as shown in the Figure.

A group of researchers from FRIS, Tohoku University,
Massachusetts Institute of Technology (MIT), Rice University,
Hanoi University of Science and Technology, Zhejiang University,
and Oak Ridge National Laboratory have proposed a new
mechanism to enhance short-wavelength light by SHG in the
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Frequency filters are widely used in electronic applications
such as telecommunication systems and signal processing
systems. They transmit signals within a specific frequency
band and block or suppress unwanted frequency bands. These
filters utilize various technologies such as switched-capacitor
networks, micro-electromechanical systems, ferroelectric
materials, and ferromagnetic films to effectively adjust the
frequencies in the passband. Additionally, tunable frequency
filters can cover multiple frequencies and accommodate various
scenarios in multiband operations.

The research group, consisting of Assistant Professor Yang
Cao (currently at Hubei University, previously at Tohoku
University, Frontier Research Institute for Interdisciplinary
Sciences), Dr. Nobukiyo Kobayashi (Research Institute for
Electromagnetic Materials), Dr. Cheng Wang (Tohoku University,
Frontier Research Institute for Interdisciplinary Sciences),
Professor Sadamichi Maekawa (RIKEN), Dr. Saburo Takahashi
(Tohoku University, Institute for Materials Research), and
Professor Hiroshi Masumoto (Tohoku University, Frontier
Research Institute for Interdisciplinary Sciences), has developed
a nanogranular thin film with magnetic nanoparticles dispersed

FRISHGWSNO.W

2D Janus TMDs. This study was published in ACS Nano on Aug.
29th, 2023, and was also selected as the cover issue.

In this work, they calculate all possible geometry of the 2D
Janus-TMD with AA stacking, in which atoms in the top layer
directly overlap atoms in the bottom layer, and AB stacking,
in which atoms in the top layer do not directly overlap atoms
in the bottom layer. They found that the AA stacking gives
the largest SHG due to the broken inversion symmetry. The
present theoretical prediction is compared with the observed
SHG spectra of the 2D Janus-TMD, in which the peak SHG
intensity of the AA stacking becomes three times as large as
the AB stacking. Furthermore, by applying in-plane strain up
to 20%, which is possible for the 2D materials, the SHG can be
significantly enhanced. The results of this study are significant in
that we create a new group of materials that generate SHG by a
flexible synthesis method of the 2D materials. The enhancement
of SHG by the stacking order and strain can also be applied to
other 2D Janus materials. Thus, their work introduced efficiency
tools to optimize the SHG on the 2D materials.

Tuan Hung Nguyen GGRrHEISAIRRATZEER)
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Figure : Second harmonic generation in 2D Janus TMD (MoSSe/MoS,).
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in an insulating matrix. This film marks the first reported instance
of a relaxation frequency changing due to an electric field, and a
new asymmetric charge tunneling model has been established
to explain this phenomenon.

In this research, a new dielectric nanogranular material
capable of controlling the dielectric relaxation frequency of
alternating current transport responses with a direct current
electric field was demonstrated. This material, which possesses
electrically adjustable frequency characteristics, is expected to
be applicable in simplifying and miniaturizing RF low-pass filters
and antennas.

This research was published at Advanced Electronic Materials
(Volume 9, Issue 6 June 2023) and was selected as Front Cover.
Novel Dielectric Nanogranular Materials with an Electrically
Tunable Frequency Response,

Yang Cao, Nobukiyo Kobayashi, Cheng Wang, Saburo Takahashi,
Sadamichi Maekawa, Hiroshi Masumoto,
Adv. Electron. Mater. 2023, 2201218
DOI : 10.1002/aelm.202201218
A (TP RERHERED)
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Establishning New Collaborative Research and International
Academic Networks through Neurolinguistics

Kexin Xiong (FTHEIEI R ARZTER)
IIESE © Harvard University / USA

| would like to express my sincere gratitude to Tohoku
University (2022 Researcher, Young Leaders Overseas Program;
02 FIKZBEFV—K—BARES RS 7 LHRE)
for providing the financial support that enabled me to embark
on this invaluable experience. During my visit to the Cognitive
Neuropsychology Laboratory at the Department of Psychology,
Harvard University, | had the opportunity to collaborate with
leading researchers at the field of cognitive neuroscience, and
contribute to groundbreaking projects, which | will detail below.
| believe that the knowledge and skills | acquired during my visit
will significantly enhance my future research endeavors and
contribute to the field of Neurolinguistics.

During my visit from April 15, 2022, to March 16, 2023, |
rented a room about a 15-minute walk from the lab, a building
built in 1894. Besides the landlord, there were also short-term
tenants through Airbnb. In addition to Harvard University,
this area also hosts numerous other prestigious institutions,
such as MIT, Boston University, and Tufts University. Therefore,
some tenants were there to experience the atmosphere of the
famous universities, while others, like me, were international
scholars visiting the United States for research. The duration of
everyone’s visit varied, and we often exchanged ideas about
our research and cultural backgrounds. It was a wonderful
experience and an unexpected gain from my study visit.

Despite the ongoing pandemic at that time, the lab members
and | regularly came to the lab and exchanged updates over
lunch. Besides the weekly lab meetings, | frequently engaged
in one-on-one discussions with the host professor, Prof. Alfonso
Caramazza. Although we agreed on a general research direction
before my visit, many specifics were undecided. As a visiting
scholar, | attended courses in the Department of Psychology
on cognitive neuroscience, where | learned about the history,
research logic, and practical methods of the field—essential
knowledge for a researcher in cognitive neuroscience. | also
participated in training at the Center for Brain Science, which
grants me access to the MRI facilities at Harvard University. At
the same time, through regular discussions with the professor,
we eventually reached a consensus on the finer details of the
research.

In this project, we investigate the neural representation
of verbs and nouns that are crucial to communication when
describing others’ actions. In our daily lives, we often rely on
the information around us to anticipate the behaviors and
utterances of others. The ability to predict language usage
can aid in language acquisition, while the capacity to forecast
actions can help us avert danger. For this reason, researchers
have extensively studied the mechanism of prediction in various
domains, including neuroscience, linguistics, and computer

science. Previous
studies have found that

—- language prediction

can occur at the
lexical, semantic, and
syntactic levels, and
these processes are
supported by several
brain regions. Among
these brain regions, the
anterior region of the
left occipitotemporal
cortex, also known as
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representing verb meanings and grammatical properties related
to verb. This is a multimodal region responds to action, motion,
and auditory-related features.

Most studies have focused on verbs with sensory-motor
features, such as action verbs, event verbs, and emission verbs,
and nouns that refer to tangible entities like animals and places.
However, little is known about how verbs and nouns with
corresponding meanings are encoded in the pMTG. To address
this research gap, our project employs physical event verbs/
nouns and mental state verbs/nouns. These two concepts of
physical and mental events are central to our social cognition,
as we use physical verbs/nouns to depict others’ actions and
mental verbs/nouns to express why they do such actions
(e.g., intention or mental states). Additionally, when used in
sentences, both action/event verbs and mental state verbs can
provide clues to infer a causal relationship between agents and
patients, even if it is not explicitly stated (i.e., implicit causality).
For example, in the sentence “John hates Peter because...”, it is
likely that the subsequent word would be “Peter”, whereas in
“John scared Peter because...”, it is more probable that “John”
is the cause. Previous studies suggest that mental state verbs
tend to introduce a stronger implicit causality bias than action
verbs. In this project, we also answer the question about the
extent to which implicit causality contributes to the conceptual
representation of verbs.

Our study is the first to use multivariate pattern analysis
(MVPA) to uncover the neural encoding of mental and physical
concepts depicted by verbs and nouns, which are essential to
our daily communication and behaviors. After we finish the
data collection and analyses, we will present our findings at
leading journals in the field. This research will contribute to
the understanding of the neural mechanisms underlying the
processing of events and word types, and illuminate the role of
implicit causality in the neural representation of event types.

In addition to starting an international interdisciplinary
research project, my year-long interaction with lab members,
participation in Harvard courses, and weekly seminars immersed
me in the U.S. academic environment. This experience enhanced
my understanding of diverse cultures and honed my skills in
effective lab management as a Pl. My academic journey began
with a Bachelor’s in Japanese Language in China, followed by
a specialization in Japanese Language Education at Nagoya
University, Japan. There, under my advisor’s supervision, |
conducted psycholinguistic research on bilingualism. After |
earned my Ph.D. degree, | joined Tohoku University, start to
try interdisciplinary neuroscience research with the help of
my mentor. Until this project, my educational and research
experiences, as well as academic connections, were confined
to Asia, primarily in China and Japan. This was my first foray
outside Asia, establishing an academic network beyond it. |
believe this experience
will not only benefit
my future research but
also help guide my
students in broadening
their perspectives
and achieving their
academic aspirations
through my expanded
network.

Figure 1: Photo taken during the preparation the posterior middle
for an FMRI experiment. During the experiment, temporal gyrus (pMTG)
participants were placed in the MR/, and brain  has been reported to Figure 2 : My host professor allocated me a
images were recorded while they performed plays a crucial role in research space in the lab, which offered a
tasks. beautiful view.
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