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Highlights of Research in FY2022
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Nano Integration
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Nano-Integration Devices and Processing (S. Sato, M. Sakuraba, and H. Yamamoto)
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(1) A spiking neuron that reproduces various neural pulses and operates at extremely low power was
implemented on an LSI, and a recurrent neural network was constructed using it and applied to reservoir
computing. It has been confirmed by electrical measurements that time-series signals such as speech signal
could be correctly classified.

(2) To develop high-voltage and low-loss power semiconductor devices, double ion-implanted Al-gate
4H-SiC MOS transistors were fabricated utilizing high-temperature wet oxidation, and clear
transistor-operation characteristics with low gate leakage were demonstrated even for gate length of 5
micron.

(3) We developed defined neuronal networks with a modular design on high-density microelectrode arrays,
using a surface coating protocol involving a cell-permissive hydrogel for secure attachment of a
polydimethylsiloxane microfluidic film. The spontaneous neural activity recorded from these engineered
networks demonstrated that the modular architecture enhances functional complexity by reducing excessive
neural correlation between spatially separated modules.
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Soft Computing Integrated System (Y. Horio)
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We are working on a novel high-performance, highly-efficient, flexible, and robust brain-inspired
brainmorphic computer hardware system, in particular, through physical complex-networked dynamical
process using an analog VLSI as a core component. Results of this year are summarized as follows:

(1) Discrete word speech recognition experiments were conducted using a chaotic neural network reserver
(CNNR) LSI implemented in 3D stacking by Through Silicon Via and Micro Bump. Furthermore, we
applied FORCE learning to CNNRs and successfully generated time series using CNNRs with various
dynamics including hyperchaos. In addition, chaotic neurons were introduced in the output layer neurons to
perform time series prediction, and very high performance was confirmed.

(2) In order to refine the mathematical models of spin-orbit torque neuron-like and synapse-like devices
based on thermal dynamics, we have modeled them using thermal circuits and analyzed them in detail
using a physical simulator.

(3) We proposed a neural network that introduces internal state time constants and self-coupling time
constants as local memories in the reservoir neural network, and investigated speech recognition
performance through simulation experiments.

(4) In order to implement the spatio-temporal context learning and memory network as a spiking neuron
circuit, we described it as a continuous-time differential equation model with a basic circuit configuration,
and confirmed its effectiveness through circuit experiments.
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Spintronics and Information Technology
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Spintronics (S. Fukami and S. Kanai)
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Our research activities aim at realizing low-power functional spintronic devices. The outcomes in the last
fiscal year are as follows: (1) discovering the generalized scaling law describing the phase coherence time
of quantum information in solids, (2) proposing a new principle of inductance that arises from
magnetization dynamics caused by the spin-orbit interactions, (3) observing the magnetic domain structure
of noncollinear antiferromagnetic Mn3Sn thin film and clarifying the relation with the transport properties,
(4) experimentally determining the unrevealed factor in the mathematical expression of the
thermally-activated magnetization reversal under magnetic fields and electric current, (5) quantifying the
spin-orbit torque in FeRh/NiFe heterostructure and revealing unexpectedly large spin-orbit torque arising
when FeRh is in the antiferromagnetic phase, (6) proposing and demonstrating the external field robust
stochastic magnetic tunnel junction utilizing synthetic antiferromagnetic coupling, (7) demonstrating the
high computation performance and low power capability using a system with stochastic magnetic tunnel
junction and field-programmable-gate-array, (8) summarizing the new paradigm of antiferromagnetic
spintronics which is characterized by the coherent dynamics of collective antiferromagnetic spin structures,
(9) quantifying the thermal stability factor of noncollinear antiferromagnetic Mn3Sn nanodots with single
domain structure, and (10) measuring the non-linear transport properties of nanoscale magnetic tunnel
junction with perpendicular magnetic anisotropy and discussing their origin.
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Ultra-Broadband Signal Processing (T. Otsuji and A. Satou)
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The goal of our research is to explore the terahertz frequency range by creating novel integrated electron
devices and circuit systems. I1I-V- and graphene-based active plasmonic heterostructures for creating new
types of terahertz lasers and ultrafast transistors are major concerns. By making full use of these
world-leading device/circuit technologies, we are developing future ultra-broadband wireless
communication systems as well as spectroscopic/imaging systems for safety and security. The followings
are the major achievements in this fiscal year.

1. Development of graphene-channel terahertz detectors

Graphene, a monolayer sheet of honeycomb carbon crystal, is expected to break through the limit on
conventional device operating speed/frequency performances. In this fiscal year, we developed a
graphene-channel field-effect transistor with our original asymmetric dual-grating gates, discovered a novel
unipolar photothermoelectric terahertz detection mechanism that only electrons contribute, and
demonstrated its fast response time and high responsivity for the first time. (Press-released on December
2022)

2. Development of photonics-electronics convergence mixers

To realize the carrier frequency down-conversion from optical to wireless data signals, which is one of
key technologies in future photonics-electronics convergence networks, we have developed photonic
double-mixers based on InGaAs-channel high-electron-mobility transistors. In this fiscal year, we paid
attention to a technique of generating low-noise, high-intensity optical signal input to a double-mixer and
showed that the linear enhancement of the conversion gain with up to 10-dB enhancement is expected.
(Received the Best Poster Paper Award at a prestigious international conference)
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Quantum Devices (T. Otsuka)
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We are exploring interesting properties of solid-state nanostructures utilizing precise and high-speed

electric measurement and control techniques. We are also developing materials and devices using
nanostructures. Our research activities in FY 2022 are the following.

(1) We developed electronic measurement and control methods of local electronic states in nanostructures
utilizing semiconductor quantum dots. We improved the methods with high-frequency techniques and



applied them to new materials.

(2) We measured local electronic and spin states in nanostructures utilizing sensitive electronic
measurement techniques. We revealed the detail of local electronic states in nanostructures and new
materials.

(3) We studied semiconductor quantum bits for future quantum information processing. We worked on state
analysis and control of quantum devices to scale up the systems and new material-based devices.
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Nano-Bio Hybrid Molecular Devices
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Nano-Bio Hybrid Molecular Devices (A. Hirano-lwata)
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Our research activities focus on development of sophisticated molecular-scale devices through the
combination of well-established microfabrication techniques and wvarious soft materials, such as
biomaterials and organic materials.

(1) We have constructed two types of artificial cell membrane systems with different aspects. One is a cell
membrane mimicry system combined with cell-free protein synthesis technology for the evaluation of drug
side effects. The other is a four-terminal artificial cell membrane system that introduces a new input,
parallel membrane voltage, in addition to the conventional transmembrane voltage. The details of our
artificial cell membrane systems and their prospects are discussed.

(2) We established a new surface modification protocol for patterning cultured neurons on high-density
multielectrode array (HD-MEA) devices and reconstituted neuronal networks with a modular structure.
Measurement of spontaneous neural activity revealed that a fast, sub-millisecond activity propagation
within modules could be captured in the HD-MEA recordings. Furthermore, by using the framework of
reservoir computing, the stimulus responses of cultured neural networks were decoded to realize pattern
classification, revealing the relationship between network modularity and information processing
performance.

(3) A flexible electrode was fabricated by combining chitosan nanofibers (CSNFs) and carbon nanotubes.
The fabricated electrodes were used to stimulate the peripheral nerves of live locusts. This result was
achieved through an international collaboration with Technical University of Munich.
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Global Activities

4—1 EERERRFZE COE of International Research Collaboration
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Academic Exchange Progralns
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University of Salamanca, Spain
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Harvard University, USA
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The 11th RIEC International Symposium on

Brain Functions and Brain Computer

Date: February 17-18th, 2023

Place: Conference Room, Laboratory for Nanoelectronics and
Spintronics, Research Institute of Electrical Communication

(RIEC), Tohoku University

Organizers:

Symposium Chair

Shigeo Sato, Tohoku Univ.
Program Committee

Takahiro Hanyu, Tohoku Univ.
Yoshihiko Horio, Tohoku Univ.
Ayumi Hirano-lwata, Tohoku Univ.
Hideaki Yamamoto, Tohoku Univ.
Secretary

Satoshi Moriya, Tohoku Univ.
Co-organized by

Research Institute of Electrical Communication (RIEC), Tohoku University

Transformative Research Areas (B) "Multicellular Neurobiocomputing™
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Feb. 17
9:00 - 9:10

9:10 - 9:40

9:40 - 10:00

10:00 - 10:15

10:15 - 10:30

10:30 - 11:00

11:00 - 11:20

11:20 - 11:50

11:50 - 13:30

13:30 - 14:00

14:00 - 14:20

Program

Greetings
A. Hirano-Iwata (Tohoku Univ., Japan)
---- Special Session 1 (Chair: S. Moriya) ----

"Spintronics-based edge computing hardware fundamentals"
[SS1-1 (Invited)] CMOS + stochastic MTJ: Heterogeneous probabilistic computers for
optimization and sampling
N. A. Aadit, A. Grimaldi, K. Selcuk, K. Kobayashi, Q. Cao, S. Chowdhury, G. Finocchio, S. Kanai,
H. Ohno, S. Fukami, K. Y. Camsari (UC Santa Barbara, U.S.A.)
[SS1-2] Analog CMOS implementation of spiking neural networks for edge computing
S. Sato, S. Moriya, H. Yamamoto, Y. Horio, Y. Yuminaka, J. Madrenas (Tohoku Univ., Japan)
[SS1-3] High-speed stochastic simulated annealing for large-scale combinatorial optimization
problems
D. Shin, N. Onizawa, T. Hanyu (Tohoku Univ., Japan)
Break (15 min)

---- Special Session 2 (Chair: H. Yamamoto) ----

"The 2nd Symposium on Multicellular Neurobiocomputing"
[SS2-1 (Invited)] In vitro neural systems as intelligent devices: Previous progress and current
challenges
B. J. Kagan (Cortical Labs, Australia)
[SS2-2] Reservoir computing models for integrating sensory processing and motor control
Y. Katori (Future Univ. Hakodate, Japan)
[SS2-3 (Invited)] The advantages of neuroengineering and perturbations to explore collective
behavior in living neuronal networks
M. Montala, C. F. Lopez-Leon, S. Ayasreh, 1. Jurado, J. Soriano (Univ. Barcelona, Spain)
Lunch Break

--- Special Session 3 (Chair: T. Matsui) ---

"The 2nd Symposium on Multicellular Neurobiocomputing"
[SS3-1 (Invited)] Machine learning approaches to optimizing neuromodulation therapies in a
clinical setting
T. Netoff, Z. Sanger, H. Farooqi, A. Ramadan, A. Lamperski, S. Cooper, E. Krook-Magnuson, R.
McGovern, D. Darrow (Univ. Minnesota, U.S.A.)
[SS3-2 (Invited)] Modular strategy for development of the hierarchical visual network in mice

T. Murakami, T. Matsui, M. Uemura, K. Ohki (Univ. Tokyo, Japan)
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14:20 - 14:40  [SS3-3] Technical development to construct novel neural circuits in the brain
Y. Masamizu, H. Osaki, K. Nishimura, M. Negishi-Kato, H. Onoe, S. Takeuchi, M. Matsuzaki
(Doshisha Univ., Japan)
14:40 - 15:00  [SS3-4] LFP Theta dynamics contribute to retrieving motor plans after interruptions in the
primate premotor area
R. Hosaka, H. Watanabe, T. Nakajima, H. Mushiake (Shibaura Inst. Tech., Japan)
15:00 - 15:15  Break
--- Special Session 4 (Chair: Y. Katori) ---
"The 2nd Symposium on Multicellular Neurobiocomputing"
15:15-15:35  [SS4-1] Computational test for the roles of potassium channel inactivation in short-term
plasticity
H. Kamiya (Hokkaido Univ., Japan)
15:35-15:55 [SS4-2] An adaptive automatic system for analyzing single channel currents
A. Hirano-Iwata, M. Sato, M. Hariyama, M. Komiya, H. Yamamoto (Tohoku Univ., Japan)
15:55-16:15  [SS4-3] Principle for synaptic transmission during excitatory synapse development

S. Katsurabayashi, K. Uchino, S. Kondo, T. Matsui, K. Kubota, T. Watanabe, K. Iwasaki (Fukuoka

Univ., Japan)
16:15-16:35  [SS4-4] Stimulus responses of modular neuronal networks grown on engineered substrates
H. Yamamoto, T. Takemuro, T. Sumi, J. Soriano, S. Sato, A. Hirano-Iwata (Tohoku Univ., Japan)
16:35-16:50  Break
---- Special Session 5 (Chair: M. Kimura) ----
"Sustainable computing systems: effective integration of digital and analog elements"
16:50 - 17:10  [SS5-1] Memdevice-based accelerator for beyond-neuromorphic systems
M. Kimura (Ryukoku Univ., Japan)
17:10 - 17:30  [SS5-2] IMAX3: Amazing dataflow-centric CGRA and its applications
Y. Nakashima (NAIST, Japan)
17:30 - 17:45  [SS5-3] Combination of memristor and capacitor for synapse device in neuromorphic spiking
computing
T. Kuwahara, R. Oshio, M. Kimura, R. Zhang, Y. Nakashima (Ryukoku Univ., Japan)
17:45 - 18:00  [SS5-4] A memcapacitive spiking neural network with circuit nonlinearity-aware training

R. Oshio, T. Sugahara, A. Sawada, M. Kimura, R. Zhang, Y. Nakashima (NAIST, Japan)

Feb. 18
--- General Session 1 (Chair: S. Sato) ---
9:00 - 9:30 [GS1-1 (Invited)] Interfacing considerations for digital neuromorphic spiking neural
hardware
J. Madrenas, B. Vallejo-Mancero, M. Zapata, S. Moriya, S. Sato (Polytechn. Univ. Catalonia,
Spain)
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9:30 - 9:50

9:50 - 10:05

10:05 - 10:20

10:20 - 10:50

10:50 - 11:00

11:00 - 12:30

[GS1-2] Towards hardware implementation of hippocampal spatiotemporal learning network
model

T. Orima, Y. Horio, T. Tsuji (Tohoku Univ., Japan)

[GS1-3] Film-penetrating transducers for spin-wave reservoir computing: Basic
characteristics

J. Chen, R. Nakane, G. Tanaka, A. Hirose (Univ. Tokyo, Japan)

[GS1-4] Reconstructive reservoir computing for edge-computing use to detect anomaly in
time-series signals

J. Kato, G. Tanaka, R. Nakane, A. Hirose (Univ. Tokyo, Japan)

[GS1-5 (Invited)] Spatial computing offers a new perspective on the control of working
memory

P. Herman, M. Lundqvist, E.K. Miller (KTH Royal Inst. Technol., Sweden)

Break (10 min)

--- Poster Session ---
[P-1] Spatiotemporal characteristics of resting-brain activity investigated using statistical null
models
T. Matsui, Y. Hosaka, T. Hieda, K. Jimura (Okayama Univ., Japan)
[P-2] Learning non-stationary nonlinear dynamics by extracting slow parameter change by a
reservoir
K. Tokuda, Y. Katori (Univ. Tsukuba, Japan)
[P-3] Optimization of reservoir neural network structure for sensorimotor control
A. Fujimoto, H. Yamamoto, S. Moriya, K. Tokuda, Y. Katori, S. Sato (Tohoku Univ, Japan)
[P-4] Information representations obtained by reward-modulated reservoir computing with
short-term synaptic plasticity
J. Nakamura, Y. Katori (Future Univ. Hakodate, Japan)
[P-5] Mental simulation using reservoir computing for solving control tasks of deterministic
systems
Y. Yonemura, Y. Katori (Future Univ. Hakodate, Japan)
[P-6] Exploring influences of modular structure on time series generation performance in
reservoir computing
Y. Ishikawa, Y. Katori, H. Yamamoto, H. Kato, T. Sumi, T. Shinkawa (Future Univ. Hakodate,
Japan)
[P-7] Effects of synaptic scaling and network size on spontaneous firing activity in spiking
neural network
T. Shinkawa, H. Kato, Y. Ishikawa, T. Sumi, H. Yamamoto, Y. Katori (Oita Univ., Japan)
[P-8] Sparse estimation of nonlinear dynamics using generalized dynamical constraints

Y. Note, T. Omori (Kobe Univ., Japan)
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[P-9] Data-driven approach for image reconstruction using neural ordinary differential
equation models

K. Inaba, T. Omori (Kobe Univ., Japan)

[P-10] Learning super-resolution of X-ray CT images of rocks based on sparse representation
S. Suzuki, A. Okamoto, K. Michibayashi, T. Omori (Kobe Univ., Japan)

[P-11] Machine learning algorithm for estimating nonlinear neurodynamics by sequential
Monte Carlo method and sparse modeling

T. Ihara, T. Omori (Kobe Univ., Japan)

[P-12] Physical reservoir computing with biological neuronal network with modular
organization

T. Sumi, H. Yamamoto, K. Ito, Y. Katori, S. Sato, A. Hirano-Iwata (Tohoku Univ., Japan)

[P-13] In vitro modeling of neural activity modulation induced by interleukin-6

M. Sakaibara, H. Yamamoto, H. Murota, S. Sato, A. Hirano-Iwata (Tohoku Univ., Japan)

[P-14] State transition of spontaneously firing single neurons in autaptic culture upon electric
stimulation

S. Kishino, N. Mochizuki, A. Hirano-Iwata, H. Yamamoto, T. Tanii (Waseda Univ., Japan)

[P-15] In vitro reconstruction of artificial neuronal networks with oriented inter-modular
connections

N. Monma, H. Yamamoto, H. Murota, S. Moriya, A. Hirano-Iwata, S. Sato (Tohoku Univ., Japan)
[P-16] Analysis of structure-function relationship of micropatterned modular neuronal
networks on high-density multi-electrode arrays

Y. Sato, H. Yamamoto, H. Kato, T. Tanii, S. Sato, A. Hirano-Iwata (Tohoku Univ., Japan)

[P-17] Stimulus responses of micropatterned neuronal networks with modular structure
grown on high-density multielectrode arrays

Y. Sono, H. Yamamoto, Y. Sato, T. Tanii, A. Hirano-Iwata, S. Sato (Tohoku Univ., Japan)

[P-18] Multiple memory accumulation and recall by a hippocampus model reflecting
emotional values

A. Mizutani, Y. Tanaka, H. Tamukoh, K. Tateno, O. Nomura, T. Morie (Kyushu Inst. Technol.,
Japan)

[P-19] Analog LSI implementation of spiking neural network for energy efficient computing
S. Moriya, H. Yamamoto, Y. Yuminaka, S. Sato, Y. Horio, J. Madrenas (Tohoku Univ., Japan)
[P-20] Analog CMOS implementation of majority circuit with large fan-in for neural network
applications

S. Ono, S. Moriya, Y. Kanke, H. Yamamoto, Y. Yuminaka, S. Sato (Tohoku Univ., Japan)

[P-21] Correlation analysis of junction voltages in the physical reservoir composed of two-
dimensionally connected Josephson junctions

K. Watanabe, Y. Mizugaki, S. Moriya, H. Yamamoto, S. Sato (Tohoku Univ., Japan)
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13th International Workshop on Nanostructures & Nanoelectronics

[Online]

UK  Germany China Japan

Scope:
The objective of the symposium is to provide a good opportunity to present latest
topics related to fabrication of nanostructures and their application to fields of

nanoelectronics and bioelectronics, and to discuss key aspects of them.

Organizer:
Symposium Chairs
Ayumi Hirano-lwata, Tohoku Univ.

Ryugo Tero, Toyohashi Univ. of Tech.

Program Committee

Ayumi Hirano-lwata, Tohoku Univ.

Organizing Committee
Ayumi Hirano-lwata, Tohoku Univ.
Ryugo Tero, Toyohashi Univ. of Tech.
Teng Ma, Tohoku Univ.
Daisuke Tadaki, Tohoku Univ.
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Program

March 7 (Tuesday)

Red: Local time in Japan (JST)

Blue: GMT

[ UK: GMT+0, Germany: GMT+1, China: GMT+8 ]

17:00 ~ 17:05
8:00 ~ 8:05

Opening Remarks
Ayumi Hirano-lwata

(Research Institute of Electrical Communication / WPI-Advanced Institute for
Materials Research / Graduate School of Biomedical Engineering, Tohoku
University, Sendai, Japan)

(Chair: Ayumi Hirano-lwata)

17:05~17:50
8:05 ~ 8:50

17:50 ~ 18:15
8:50 ~ 9:15

18:15~18:35
9:15~9:35

Single atom co-catalysts in photocatalytic H, generation

Patrik Schmuki

(Department of Materials Science WW-4, LKO, Friedrich-Alexander University of
Erlangen-Nuremberg, Erlangen, Germany)

Nanothick metal oxide channel thin film transistors and their application as gas and
UV sensing
Fumihiko Hirose

(Graduate School of Science and Engineering, Yamagata University, Yonezawa,
Yamagata, Japan)

Break

(Chair: Daisuke Tadaki)

18:35~19:05
9:35~10:05

Substrate-supported photosynthetic model thylakoid membrane

Yuka Kusunoki!, Daisuke Takagi?, Seiji Akimoto®, Sophie A. Meredith?,
Ashley M. Hancock?, Stephen D. Evans®, Peter G. Adams®*, Kenichi Morigaki®®
(*Graduate School of Agricultural Science, Kobe University, Kobe, Japan, 2Faculty

of Agriculture, Setsunan University, Hirakata, Osaka, Japan, *Graduate School of
Science, Kobe University, Kobe, Japan, “School of Physics and Astronomy,
University of Leeds, Leeds, UK, °Biosignal Research Center, Kobe University,
Kobe, Japan)
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19:05 ~ 19:30
10:05 ~ 10:30

19:30 ~ 19:55
10:30 ~ 10:55

Fluorescence single molecule tracking for molecular behaviors at interfaces
between solid surfaces and organic solvents

Yui Matsushital, Satoki Kubota?, Takuya Matsumoto?, Ken-ichi Amano®,
Tomoko Hirayama*, Hiroshi Onishi?®, Ryugo Tero*

(*Toyohashi University of Technology, Toyohashi, Japan, ?Kobe University, Kobe,
Japan, ®Meijo University, Nagoya, Japan, “Kyoto University, Kyoto, Japan,
SInstitute for Molecular Science, Okazaki, Japan)

An adaptive automatic method for idealization of single-channel currents
Ayumi Hirano-lwata*?®, Madoka Sato'®, Masanori Hariyama*, Maki Komiya!,

Hideaki Yamamoto®

(*Research Institute of Electrical Communication, Tohoku University, Sendai, Japan,
2AWPI-Advanced Institute for Materials Research, Tohoku University, Sendai, Japan,
3Graduate School of Biomedical Engineering, Tohoku University, Sendai, Japan,
“*Graduate School of Information Sciences, Tohoku University, Sendai, Japan)

March 8 (Wednesday)

Red: Local time in Japan (JST)

Blue: GMT

[ UK: GMT+0, Germany: GMT+1, China: GMT+8 ]

(Chair: Ryugo Tero)

17:00 ~ 17:30
8:00 ~ 8:30

17:30 ~ 18:00
8:30 ~ 9:00

Multiplexed detection of biomarkers in unprocessed clinical samples

Shenglin Cai, Thomas Pataillot-Meakin, Akifumi Shibakawa, Ren Ren,
Charlotte L. Bevan, Sylvain Ladame, Aleksandar P. Ivanov, Joshua B. Edel
(Department of Chemistry, Molecular Science Research Hub, Imperial College
London, London, UK)

Investigation of cell biochemical behavior under physical microenvironment using
scanning electrochemical microscopy

Fei Li, Shuake Kuermanbayi, Junjie Zhang, Zhaoyang Ye

(School of Life Science and Technology, Xi’an Jiaotong University, Xi’an, China)
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18:00 ~ 18:30
9:00 ~9:30

18:30 ~ 18:50
9:30 ~ 9:50

(Chair: Teng Ma)
18:50 ~ 19:20
9:50 ~ 10:20

19:20 ~ 19:45
10:20 ~ 10:45

19:45 ~ 20:05
10:45 ~ 11:05

The Electrostatically asymmetric nanopore for single peptide sensing and
sequencing

Yi-lun Ying, Fan Gao, Xinyi Li, Hongyan Niu, Yi-Tao Long

(State Key Laboratory of Analytical Chemistry for Life Science, School of
Chemistry and Chemical Engineering, Nanjing University, Nanjing, China)

Break

Anodic TiO; nanotubes with defined intertube spacing in biomedical applications
Anca Mazare'?, Patrik Schmuki®34

(*Department of Materials Science WW-4, LKO, Friedrich-Alexander University
of Erlangen-Nuremberg, Erlangen, Germany, 2WPI-Advanced Institute for
Materials Research, Tohoku University, Sendai, Japan, ®Regional Centre of
Advanced Technologies and Materials, Olomouc, Czech Republic, “Department of
Chemistry, Faculty of Science, King Abdulaziz University, Jeddah, Saudi Arabia)

Nonlinear responses observed in random arrays of gold nanoparticles assembled by
dielectrophoresis
Yoshinao Mizugaki, Tetsuya Urae, Hiroshi Shimada

(Department of Engineering Science, The University of Electro-Communications
(UEC Tokyo), Chofu, Tokyo, Japan)

Development of a highly sensitive gas sensor using TiO2-nanotube film

Daisuke Tadaki!, Kazuki Iwata?, Hiroyuki Abe? Teng Ma!, Ayumi Hirano-lwata?,

Yasuo Kimura?, Shigeaki Suda®, Michio Niwano!

(*Tohoku University, Sendai, Japan, ?Tohoku Fukushi University, Sendai, Japan,
3Industrial Technology Institute, Miyagi Prefectural Government, Sendai, Japan,
“Tokyo University of Technology, Hachioji, Tokyo, Japan, °Miyagi Factory,
CHEST M.L,, Inc., Japan)
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2023/05/14 14:09 2nd Online RIEC International Workshop on Spintronics

2nd Online RIEC International Workshop on Spintronics

DESCRIPTION SCHEDULE SPEAKERS REGISTRATION

2NC e line RIEC
Intern |o al Workshop

\

o\ plntronlcs

Resea&\ Institute'ef Electrical mmunication (RIEC), Tohoku University

| Description

The Research Institute of Electrical Communication (RIEC), Tohoku
University will hold the 2nd online RIEC International Workshop on
Spintronics in this April. Organized almost every year since 2005, the
RIEC International Workshops offer an opportunity to discuss the latest
progress in topics spanning the field of spintronics. Following the

held in 2020, the
2nd workshop will be held with the same format that is designed to

https://www.riec.tohoku.ac.jp/online-spin-ws/2nd/



https://www.riec.tohoku.ac.jp/online-spin-ws/1st/
https://www.riec.tohoku.ac.jp/online-spin-ws/1st/
https://www.riec.tohoku.ac.jp/online-spin-ws/2nd/index.html
https://www.riec.tohoku.ac.jp/online-spin-ws/2nd/entry/

2023/05/14 14:09 2nd Online RIEC International Workshop on Spintronics
maximize the exchange of information on recent trends and important
achievements among the spintronics community. The 2nd workshop
will focus on "Computing with Spintronics”

The workshop consists of two parts: live and on-demand (as shown in

the schematic below). In the live session, PIs of world-leading

research groups (topic providers) will gather in a Zoom session and
give an about 5 minute summary talk on their chosen topic. Each topic
provider has assigned 2-3 invited speakers from their team or
collaborators, whose talks, typically 15-30 minutes, are available at
the website on demand. The live session will be recorded and posted
on the website as well after the event.

The workshop is free of charge, but registration is necessary from the
link below. Registered participants can access the on-demand talks
anytime, both before and after the live session. The participants can
also attend the live session and ask questions or give comments from
the chat box, contributing to a lively discussion. The list of topics and
invited speakers are found below. We hope for your active participation
in our workshop.

https://www.riec.tohoku.ac.jp/online-spin-ws/2nd/




2023/05/14 14:09 2nd Online RIEC International Workshop on Spintronics

Live Session Apr 6th

-Main Stage- -Audiences-

Facilitators Q Q ( Questions,
_\ Comments

5- min. summary talks

2 2 292 2 20

On-Demand from late Mar
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April 6(Thu), 2023
17:30-19:00 (JST), 10:30-12:00 (CEST)

" REGISTRATION

Invited speakers & titles

Spintronic Ising Machines

provided by Johan Akerman (Univ. Gothenburg and Tohoku Univ.)

SPEAKER Artem Litvinenko (University of Gothenburg)

TITLE SWIM - A spin wave-based Ising Machine

SPEAKER Akash Kumar (University of Gothenburg)

TITLE Chains and arrays of spin Hall nano-oscillators for neuromorphic
computing and Ising Machines
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Domain Wall based spintronics for
Neuromorphic computing

provided by Jingsheng Chen (National University of Singapore)

SPEAKER

TITLE

SPEAKER

TITLE

Jing Zhou (A*STAR)

Current-induced domain nucleation for neuromorphic computing

Durgesh Kumar (Nanyang Technological University)

Spin-based Neuromorphic Computing

RF spintronic neural network

provided by Julie Grollier (CNRS/Thales, Univ. Paris Saclay)

SPEAKER

TITLE

SPEAKER

TITLE

SPEAKER

TITLE

Alice Mizrahi (CNRS/Thales, Univ. Paris Saclay)

Multilayer spintronic neural network with RF connections

Pankaj Sethi (CNRS/Thales, Univ. Paris Saclay)

Compensation of anisotropy in spin-Hall devices for neuromorphic
applications

Erwan Plouet (CNRS/Thales, Univ. Paris Saclay)

Fully Parallel Spintronic Convolutional Layer with Frequency
Interconnectivity

30

https://www.riec.tohoku.ac.jp/online-spin-ws/2nd/ 5/8



2023/05/14 14:09 2nd Online RIEC International Workshop on Spintronics

Artificial Spin Ice Devices

provided by Laura Heyderman (Paul Scherrer Institute - ETH Zurich)

SPEAKER Johannes H. Jensen (Norwegian University of Science and Technology)

TITLE Computation in magnetic metamaterials

SPEAKER Will R. Branford (Imperial College London)

TITLE Neuromorphic Computing in Artificial Spin Ice: Reservoir
Computing and beyond

SPEAKER Zhaochu Luo (Peking University)

TITLE Electrically programmable nanomagnetic Ising network

Spintronics for In-Memory Computing

provided by Qiming Shao (Hong Kong University of Science and Technology)

SPEAKER Albert Lee (Inston Tech/University of California, Los Angeles)

TITLE Cryogenic in-memory computing using tunable chiral edge states

SPEAKER Zhihua Xiao (Hong Kong University of Science and Technology)

TITLE Accurate in-memory computing with MRAM device variation-aware
adaptive quantization
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Probabilistic Computing with Spintronics

provided by Shunsuke Fukami (Tohoku University)

SPEAKER Shun Kanai (Tohoku University)

Device physics of stochastic magnetic tunnel junction

SPEAKER Navid A. Aadit (University of California, Santa Barbara)

Heterogeneous probabilistic computers for optimization and
sampling

Organizers

Shunsuke Fukami
Atsufumi Hirohata

Shun Kanai

Hideo Ohno
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Research Abstracts
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S5A F/ KIREBRHTEE

Nano Integration

Al F/ERBTNAR - TOER (EBEERE - BEBK - ILERZEHR)
Nano-Integration Devices and Processing
(S. Sato, M. Sakuraba, and H. Yamamoto)

A2 Y7 havEBa—T4aUTERVRATL (BREE)
Soft Computing Integrated System
(Y. Horio)
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Al F/EBTNAR - TOvR (s - BEBX - IUARZER)

Nano-Integration Devices and Processing
(S. Sato, M. Sakuraba, and H. Yamamoto)

1. BEHEN—FYI7IZET SR

Brain computing hardware

BRSO EIZ 1 T BRI /S A DRSS & Z OIS, KOS
JHBLEH R D T 1 h 2 A FIZON TR AT > TV D,

Aiming at the implementation of a practical brain computer, we study devices for brain
computing, high-density implementation techniques, and a prototype of a brain computer.

2. MBEFHEREFHMEET /N RIZET IR

Intelligent quantum device for brain computing

JHRGEHR & RmFR R A A LIEBOMEEL BB T D720, AV OB s EEEZFM L
o, Bf=a—nrFEFE LTEHHET A AL ZOFET LT Y XLIZOWTHIE
T2 TN D,

We study intelligent quantum device, which operates as quantum neuron, using nuclear spins or
superconductor devices, and its computation algorithms in order to realize ultimate intelligence
after the fusion of brain computing and quantum computing.

3. BEZEIVEFEARIESIX I vIIBRRO-OOEREGERFEMNSRTS AT CVD TOt

AT SHE
Low-damage plasma CVD process without substrate heating for epitaxial growth of highly
strained group IV semiconductors

T A= G A= HEEOENEETA~T S T D 72012, B A — 2 TRE
DRI~ T v R A AT D EEE IV BFEREROANT oo X %2y LRERICD
WTHIE L TV D,

In order to realize nanometer-order thick high-quality heterostructure, heteroepitaxial growth of

highly strained group-IV semiconductor films with atomically flat and abrupt heterointerfaces is
being studied.

4. IVIEFERSEEEFATOBEOSER/LTOLRICET 58K
Large-scale integration process of group IV semiconductor quantum heterostructures
IV R R A RIRT S A A Si ERFE R~ DR EZ B 572012, IV BRERE
EEEF~TeEOmERMET oA LB ~T a7, ZA8YE - @fERE kiz D
WTHIEL TV 5,
In order to integrate group-IV semiconductor quantum-effect devices into Si LSI, large-scale

integration process of group-IV highly strained quantum heterostructures and farication of
high-performance quantum hetero nanodevices are being studied.

5. WMMMIREZEAV-EEHERROMEREICET MR
Bioengineering technologies for manipulating neuronal network functions
JRARR [E1 3% 0D FEMAE £ 7 /LR ORI AT T BR 2R R IR O & BERE 2 il 4~ 5 7=
D O N THIFIZ DOV THFE AT > TV 2,
We leverage surface microfabrication technologies to engineer the structure and function of

cultured neuronal networks towards the goal of establishing an in vitro model for neuronal
networks in the brain.

6. MHFHRERY FT—ODHEBEETIVLICEAT HHE

Computational modeling of neuronal networks

ZHifR Yy N U — 27 EORBFRLIROBE L TS 2 B L. thEsiiaE g o B F8IEE),
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ATRE ., IEEILEE 2 503 5 AR 7 BT 7 /LI O W TIFE 21T > TV 2,

We study biologically plausible models of spontaneous activity, input response, and information
processing in neuronal networks to better understand and promote engineering applications of
computation in multicellular networks.

EEARED Y

1. D. Oguchi, S. Moriya, H. Yamamoto, S. Sato, “An investigation of the relationship between
numerical precision and performance of Q-learning for hardware implementation”, Nonlinear
Theory and Its Applications, IEICE, Vol. 13, pp. 427-433, DOI: 10.1587/nolta.13.427, 2022.

2. S. Moriya, H. Yamamoto, S. Sato, Y. Yuminaka, Y. Horio, J. Madrenas, “A Fully Analog
CMOS Implementation of a Two-variable Spiking Neuron in the Subthreshold Region and its
Network Operation”, 2022 International Joint Conference on Neural Networks, 9891920 (pp.
1-7), DOIL: 10.1109/IJCNN55064.2022.9891920, 2022.

3. Y. Sato, H. Yamamoto, H. Kato, T. Tanii, S. Sato, A. Hirano-Iwata, “Microfluidic cell
engineering on high-density microelectrode arrays for assessing structure-function relationships

in living neuronal networks”, Frontiers in Neuroscience, Vol. 16, 943310, DOI:
10.3389/fnins.2022.943310, 2023.
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1. K. Watanabe, Y. Mizugaki, S. Moriya, H. Yamamoto, S. Sato, “Optimization of circuit
parameters for JTL-based reservoir computing”, 15th Superconducting SFQ VLSI Workshop
(SSV 2022), 2022.

2. S. Moriya, H. Yamamoto, S. Sato, Y. Yuminaka, Y. Horio, J. Madrenas, “Ultra-low power analog
CMOS implementation of spiking neural networks for reservoir computing applications”, 2022
International Symposium on Nonlinear Theory and Its Applications (NOLTA2022), 2022.

3. T. Sumi, H. Yamamoto, Y. Katori, K. Ito, S. Sato, A. Hirano-Iwata, “Time-series classification in
micropatterned neuronal network reservoirs”, 2022 International Symposium on Nonlinear
Theory and Its Applications (NOLTA2022), 2022.

4.  B. Vallejo, J. Madrenas, M. Zapata, S. Moriya, S. Sato, “Multi-model spiking neural network
hardware execution”, 2022 International Symposium on Nonlinear Theory and Its Applications
(NOLTA2022), 2022.

5. T. Shinkawa, H. Kato, Y. Ishikawa, T. Sumi, H. Yamamoto, Y. Katori, “Effects of synaptic
scaling on spontaneous firing activity in spiking neural networks with modular structure”, 2023

RISP International Workshop on Nonlinear Circuits, Communications and Signal Processing
(NCSP'23), 2023.

6. S. Sato, S. Moriya, H. Yamamoto, Y. Horio, Y. Yuminaka, J. Madrenas, “Analog CMOS
implementation of spiking neural networks for edge computing”, The 11th RIEC International
Symposium on Brain Functions and Brain Computer, 2023.

7. H. Yamamoto, T. Takemuro, T. Sumi, J. Soriano, S. Sato, A. Hirano-Iwata, “Stimulus responses
of modular neuronal networks grown on engineered substrates”, The 11th RIEC International
Symposium on Brain Functions and Brain Computer, 2023.

8.  A. Fujimoto, H. Yamamoto, S. Moriya, K. Tokuda, Y. Katori, S. Sato, “Optimization of reservoir
neural network structure for sensorimotor control”, The 11th RIEC International Symposium on
Brain Functions and Brain Computer, 2023.

9. T. Shinkawa, H. Kato, Y. Ishikawa, T. Sumi, H. Yamamoto, Y. Katori, “Effects of synaptic
scaling and network size on spontaneous firing activity in spiking neural network”, The 11th
RIEC International Symposium on Brain Functions and Brain Computer, 2023.

10. T. Sumi, H. Yamamoto, K. Ito, Y. Katori, S. Sato, A. Hirano-Iwata, “Physical reservoir
computing with biological neuronal network with modular organization”, The 11th RIEC
International Symposium on Brain Functions and Brain Computer, 2023.
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M. Sakaibara, H. Yamamoto, H. Murota, S. Sato, A. Hirano-Iwata, “In vitro modeling of neural
activity modulation induced by interleukin-6”, The 11th RIEC International Symposium on
Brain Functions and Brain Computer, 2023.

S. Kishino, N. Mochizuki, A. Hirano-Iwata, H. Yamamoto, T. Tanii, “State transition of
spontaneously firing single neurons in autaptic culture upon electric stimulation”, The 11th
RIEC International Symposium on Brain Functions and Brain Computer, 2023.

N. Monma, H. Murota, H. Yamamoto, A. Hirano-Iwata, S. Sato, “In vitro reconstruction of
artificial neuronal networks with oriented inter-modular connections”, The 11th RIEC
International Symposium on Brain Functions and Brain Computer, 2023.
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Computer, 2023.
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arrays”, The 11th RIEC International Symposium on Brain Functions and Brain Computer,
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implementation of spiking neural network for energy efficient computing”, The 11th RIEC
International Symposium on Brain Functions and Brain Computer, 2023.

S. Ono, S. Moriya, Y. Kanke, H. Yamamoto, Y. Yuminaka, S. Sato, “Analog CMOS
implementation of majority circuit with large fan-in for neural network applications”, The 11th
RIEC International Symposium on Brain Functions and Brain Computer, 2023.

K. Watanabe, Y. Mizugaki, S. Moriya, H. Yamamoto, S. Sato, “Correlation analysis of junction
voltages in the physical reservoir composed of two-dimensionally connected Josephson
junctions”, The 11th RIEC International Symposium on Brain Functions and Brain Computer,
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J. Madrenas, B. Vallejo, M. Zapata, S. Moriya, S. Sato, “Interfacing considerations for digital
neuromorphic spiking neural hardware”, The 11th RIEC International Symposium on Brain
Functions and Brain Computer, 2023.
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VIPAVEL—T4VIERVARATL (RREER)
Soft Computing Integrated System (Y. Horio)

AARZ2—FILFY FT=0 VHFN—DOHEK

Chaotic neural network reservoir

Through Silicon Via & Micro Bump {2 £V 3 RCHEEER LI WA A =a—F /Ry T
—27 JH/3—(CNNR)LSI % HW\ T, BEOHERE S A il 2R &2 1T > 7, & 5IZ, FORCE
FE A CNNRCHEA L. A N—=IF R EEiekkx g4 A F I 7 A% F#> CNNR & H
WIZHRERANAERKICER S L, £lo, HAE=a2—n il A R=a—n 2 8ALT,
RERFN TR ZATV, FER IS O ERE & s L T2,

Discrete word speech recognition experiments were conducted using a chaotic neural
network reserver (CNNR) LSI implemented in 3D stacking by Through Silicon Via
and Micro Bump. Furthermore, we applied FORCE learning to CNNRs and
successfully generated time series using CNNRs with various dynamics including
hyperchaos. In addition, chaotic neurons were introduced in the output layer

neurons to perform time series prediction, and very high performance was
confirmed.

A FOAZHRZa—AVELEUVIFTTRATFNA ADHBETILORS

Matematical models of neuron-like and synapse-like spintronics devices

NETITRE L, BF AT I ATESS AV UVPE vy =2 —u UERT S A
RBEGL T T AFRT A ADEIET A& LR b O &7, HEE
CEBET Y T EITV, MY R 2 L— XK EERT 2 1T o T,

In order to refine the mathematical models of spin-orbit torque neuron-like and
synapse-like devices based on thermal dynamics that we have proposed, we have
modeled them using thermal circuits and analyzed them in detail using a physical
simulator.

EHBET INERELBECHKESZF O 22 —0VERAWV U N—ICET IR
Reservoir networks using neurons with exponentially decaying internal states and
self-feedback-couplings

UHPNR—==2—F )Ry U= NOJRFTRIZREE E L THERRIEEO R EE T L O
HOMAEDOHEREEALL=2—T Xy FU—27 2L L. Z0bRFTNIGH
TG A—=H WMNBEBROERTA L NTA—=F B LU T AL EFRGEMEEE O
BRICONWT, ¥ ab—ya VERICK VIR L,

We proposed a neural network that introduces neurons whoes internal state time
constants and self-coupling time constants as local memories in the reservoir neural
network, and investigated in detail the relationship between these local
refractoriness parameters, the maximum gain parameter of the output function and
bias, and speech recognition performance through simulation experiments.

BRZEMRIIDTHR MEE - BIERY NT—VICET AWK

Spatiotemporal Sequence Context Learning and Memory Network

KFZERF 2 7T XA MFEE - FER Y NU—J 2 AN, F o T =a—n UEKE
L CHRET L7280, kM oMy AT T v E LTk 5 & o, AR
(AR R 2 28 Uy (EDDIER An BB FEBRIC L 0 2 DA 2 el L 72,

In order to implement the spatio-temporal context learning and memory network as
a spiking neuron circuit, we described it as a continuous-time differential equation
model. We also proposed a basic circuit configuration of the model, and confirmed its
effectiveness through individual component circuit experiments.
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K. Onuki, K. Cho, Y. Horio, and T. Miyano, "Secret-key exchange through synchronization
of randomized chaotic oscillators aided by logistic hash function," IEEE Transactions on
Circuits and Systems I: Regular Papers, vol. 69, no. 4, pp. 1655-1667, DOI:
10.1109/TCS1.2022.3140762, 2022.
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10.1587/nolta.13.197, 2022.
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Y. Horio, "Brainmorphic computing paradigm and hardware," IEICE, English Webinar,
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Spintronics and Information Technology

Bl REY A=V X (RREH - €HB)
Spintronics
(S. Fukami and S. Kanai)
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Ultra-Broadband Signal Processing
(T. Otsuji and A. Satou)

B3 EFT/N\M1 R (KIFAE)
Quantum Devices
(T. Otsuka)
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Spintronics
(S. Fukami and S. Kanai)

AEYFAZH RICET TR

Spintronics

ERFOAE S EEMOEABELEoTE TR —OomEMRERAE =7 A
FTOHEBZDI LT, BEBIERCHEEDE IR T AV BIG, ROZELL EF]
LA B EER B, BTlA Y Y be =2 AF ORI T 28 21T> T\
%o Flo, BEEEEEBENIOAET) TNAL A LTI - THBEL 2258 LW iR e
FEEIE S L OMHFRBERE S 2T A% AU EZHWTIHEBTHZ L2 BEE LT,
T OIIEEIN PR T D,

We are working on spin-related phenomena in magnetic metals and new-functional matererials
as well as in novel functional nanostructures, in order to realize low-power functional spintronic
devices. To realize high-performance low-power integrated circuit and computing hardware, we
are developing technological basis to realize advanced spin memories and unconventional
computers based on magnetic nanostructures such as magnetic tunnel junctions.

) REY A=Y RIZET HHR

Spintronics
ARy B o TEREERWEAY Y b= AMERCREOMERL, 2 v B REY
PEOREAM & BRAE,

Development of functional spin materials and structures using sputtering, understanding and
characterization of spin-related phenomena are being carried out.

2) ERHIMEKE ZTDOMERFICAICET R

Magnetic metal functional devices and their application

Wiz A ey b =27 AFFERE ORI THIFORSE, ER L2 e
ha =2 ZAFZFORMERFHE, 2L TAY Y he=2 AFZTEFH Li-flx OEFRR
FARAIEAED TV D,

Development of ultrasmall spintronic devices and their processing technology,

characterization of the fabricated spintronic devices, and fabrication of various prototype
integrated circuits employing spintronic devices are being carried out.

3) FIRHMEMBRUVZEDFT / ATOBEOYIELISAICEY 5%

Properties and application of new-class magnetic materials and their nanoheterostructures

SREGMEIR & BRI RR IR 72 & B DT B LWE 7 /31 X DRI e %
1IT>TW5,
Exploration of novel electron devices based on new magnetic structures is being carried out.

4) BHEA MU RIVESERRFORE
Magnetic tunnel junctions with high output voltage

s N o RNEEEMTHFE O EMEEEZTT> T 5,
Development of high-performance magnetic tunnel junctions (MTJs) consisting of
ferromagnetic metal electrodes is being carried out.

5) EBRAEY FOZH AT/, ADR%

Metal-based spintronics devices

W2 & /ARAE Y b= A7 ZAOMERE Z ORERIiT, A AFY Yy
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v 7 AR EELIT > TV D,
Fabrication of metal-based spintronic devices with small dimension and characterization of
their properties and making basic spintronics-based circuits experimentally are carried out.

6) REY ML REERFDRSH

Spin torque memory and logic devices

REEIALBENCANT T2 A V7 AL ERIZE T D9 24T > T\ D,

Characterizing spin torque switching toward reduction of writing power is being carried out.
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Nature Materials, 22, 684-695 (2023). doi:10.1038/s41563-023-01492-6

Y. Sato, Y. Takeuchi, Y. Yamane, J. -Y. Yoon, S. Kanai, J. Ieda, H. Ohno and S. Fukami, "Thermal
stability of non-collinear antiferromagnetic Mn3Sn nanodot," Applied Physics Letters 122,
122404(1)-(6) (2023). doi:10.1063/5.0135709
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M. Shinozaki, J. Igarashi, S. Iwakiri, T. Kitada, K. Hayakawa, B. Jinnai, T. Otsuka, S. Fukami, K.
Kobayashi, and H. Ohno, "Nonlinear conductance in nanoscale CoFeB/MgO magnetic tunnel
junctions with perpendicular easy axis," Physical Review B 107, 094436(1)-(8) (2023).
doi:10.1103/PhysRevB.107.094436
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J. Kaiser, W. A. Borders, K. Y. Camsari, S. Fukami, H. Ohno, and S. Datta, "Machine Learning
Based on Stochastic Magnetic Tunnel Junctions," (invited) Physical Review Journal Club,
Online, 2022/04/19.

S. Fukami, "Probabilistic spintronics nanodevices for unconventional computing," (invited)
Workshop on Energy Efficient Functional Nanodevices, Online, 2022/04/20-2022/04/21.

S. Fukami, "Stochastic magnetic tunnel junction: from device physics to computing," (invited)
W2S Seminar, Online, 2022/04/21.

S. Fukami, "MTJ device technologies: for single-digit nm, for sub-ns, and for p-bit," (invited)
2022 Spintronics Workshop on LSI, Online, 2022/06/13.

S. Fukami, "Stochastic magnetic tunnel junction for probabilistic bit and circuit," (invited) 20th
International Symposium on the Physics of Semiconductors and Applications (ISPSA 2022), Juju,
Korea + Online, 2022/07/17-2022/07/21.

H. Ohno, "Spintronics for Green Society," (plenary) 2022 Joint European Magnetic Symposia
(JEMS), Warsaw, Poland + Online, 2022/07/24-2022/07/29.

S. Fukami, "Material/Device Technologies and Demonstration of SOT-MRAM on 300-mm
process," (invited) Workshop on Spin Orbit Torque (SOT) Materials and Devices, Online,
2022/07/28.

S. Fukami and H. Ohno, "Nonvolatile, Neuromorphic and Probabilistic Spintronics," (plenary)
SPIE Optics + Photonics 2022, San Diego, CA, USA, 2022/08/21-2022/08/25.

B. Jinnai, J. Igarashi, K. Watanabe, T. Shinoda, T. Funatsu, H. Sato, S. Fukami, and H. Ohno,
"X-nm CoFeB/MgO Magnetic Tunnel Junction for High-Speed to High-Retention Applications,"
(invited) The 33rd Magnetic Recording Conference (TMRC), Milpitas, CA, USA + Online,
2022/08/29-2022/08/31.

S. Fukami, "Probabilistic spintronics — from device physics to computing," (invited) Trends in
MAGnetism 2022, Venice, Italy, 2022/09/04-2022/09/09.

H. Ohno, "Volatile Spintronics," (invited) Spin Dynamics at the Nanoscale and its Applications,
New York University + Online, 2022/09/23-2022/09/24.

S. Fukami, "Spintronics technology for quasi-quantum computing," (invited) SUMKEN Seminar,
Online, 2022/10/13.

S. Fukami, "Spintronics devices for ultralow-power semiconductors and unconventional
computers," (plenary) IEEE Region 10 Conference, Hong Kong + Online,
2022/11/01-2022/11/04.

S. Fukami, "MTJ device physics and technologies toward deeply scaled STT-MRAM and
probabilistic-computing applications," (invited) The 67th Annual Conference on Magnetism and
Magnetic Materials, Minneapolis, USA + Online, 2022/10/31-2022/11/04.

Y. Takeuchi, Y. Yamane, J.-Y. Yoon, R. Itoh, R. Takechi, K. Kishi, S. DuttaGupta, S. Kanai, B.
Jinnai, J. Ieda, H. Ohno, and S. Fukami, "Chiral-spin rotation of antiferromagnetic Weyl
semimetal Mn3Sn by spin-orbit torque," (invited) Advanced Technology Institute (ATI), 2022
2nd spintronics workshop, Hibikoku Conference Square, Tokyo, 2022/11/16.

S. Kanai, "Experiment and theory of superparamagnetic tunnel junction," (invited) IMEC
academy symposium, Leuven, Belgium+ Online, 2022/12/05-2022/12/06.

J. Llandro, "Morphology and properties of self-organized 3D gyroid nanostructures," (invited)
IMEC academy symposium, Leuven, Belgium+ Online, 2022/12/05-2022/12/06.
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Y. Yamane, "Theory of emergent inductance with spin-orbit coupling effects," (invited) IMEC
academy symposium, Leuven, Belgium+ Online, 2022/12/05-2022/12/06.

S. Fukami, "Dynamics of a stochastic nanomagnet for probabilistic computing," (invited) SPIN
CAVITRONICS IV, MAX PLANCK INSTITUTE FOR THE SCIENCE OF LIGHT -
ERLANGEN, 2022/12/07-2022/12/09.

S. Kanai, T. Funatsu, J. Ieda, S. Fukami, and H. Ohno, "Stochasticity and Bifurcation in
Spintronics Device for Probabilistic Computing," (invited) 2022 International Symposium on
Nonlinear Theory and Its Applications (NOLTA2022), Online, 2022/12/12-2022/12/15.

N. A. Aadit, A. Grimaldi, K. Selcuk, K. Kobayashi, Q. Cao, S. Chowdhury, G. Finocchio, S.
Kanai, H. Ohno, S. Fukami, and K. Y. Camsari, "CMOS + stochastic MTJ: Heterogeneous
probabilistic computers for optimization and sampling," (invited) The 11th RIEC International
Symposium on Brain Functions and Brain Computer (BFBC2023), Tohoku University, Sendai,
Japan + Online, 2023/02/17-2023/02/18.

S. Kanai, "Exploring qubit host materials based on generalized scaling of spin coherence,"
(invited) International Workshop of Spin and Quantum Devices and Materials, Sendai, Japan,
2023/02/23-2023/02/24.

S. Fukami, "Probabilistic Spintronics for Beyond CMOS," (invited) SPEAR Workshop
Spintronics for beyond CMOS, University of Gothenburg + Online, 2023/03/20-2023/03/22.

N. A. Aadit, A. Grimaldi, K. Selcuk, K. Kobayashi, Q. Cao, S. Chowdhury, G. Finocchio, S.
Kanai, H. Ohno, S. Fukami, and K. Y. Camsari, "Heterogencous probabilistic computers for
optimization and sampling," (invited) 2nd Online RIEC International Workshop on Spintronics,
Online, 2023/03/14-2023/04/06.

S. Fukami, "Probabilistic Spintronics - Computing and Device Physics," (invited)
SPICE-Spin+X Seminars, Online, 2023/03/29.

S. Kanai, "Device physics of stochastic magnetic tunnel junction," (invited) 2nd Online RIEC
International Workshop on Spintronics, Online, 2023/03/14-2023/04/06.

J. Kaiser, W. A. Borders, K. Y. Camsari, S. Fukami, H. Ohno, and S. Datta, "Machine Learning
Based on Stochastic Magnetic Tunnel Junctions," (invited) Physical Review Journal Club,
Online, 2022/04/19.

S. Fukami, "Probabilistic spintronics nanodevices for unconventional computing," (invited)
Workshop on Energy Efficient Functional Nanodevices, Online, 2022/04/20-2022/04/21.

S. Fukami, "Stochastic magnetic tunnel junction: from device physics to computing," (invited)
W2S Seminar, Online, 2022/04/21.

S. Fukami, "MTJ device technologies: for single-digit nm, for sub-ns, and for p-bit," (invited)
2022 Spintronics Workshop on LSI, Online, 2022/06/13.

S. Fukami, "Stochastic magnetic tunnel junction for probabilistic bit and circuit," (invited) 20th
International Symposium on the Physics of Semiconductors and Applications (ISPSA 2022), Juju,
Korea + Online, 2022/07/17-2022/07/21.

H. Ohno, "Spintronics for Green Society," (plenary) 2022 Joint European Magnetic Symposia
(JEMS), Warsaw, Poland + Online, 2022/07/24-2022/07/29.

S. Fukami, "Material/Device Technologies and Demonstration of SOT-MRAM on 300-mm
process,”" (invited) Workshop on Spin Orbit Torque (SOT) Materials and Devices, Online,
2022/07/28.

S. Fukami and H. Ohno, "Nonvolatile, Neuromorphic and Probabilistic Spintronics," (plenary)
SPIE Optics + Photonics 2022, San Diego, CA, USA, 2022/08/21-2022/08/25.

B. Jinnai, J. Igarashi, K. Watanabe, T. Shinoda, T. Funatsu, H. Sato, S. Fukami, and H. Ohno,
"X-nm CoFeB/MgO Magnetic Tunnel Junction for High-Speed to High-Retention Applications,”
(invited) The 33rd Magnetic Recording Conference (TMRC), Milpitas, CA, USA + Online,
2022/08/29-2022/08/31.
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S. Fukami, "Probabilistic spintronics — from device physics to computing," (invited) Trends in
MAGnetism 2022, Venice, Italy, 2022/09/04-2022/09/09.

H. Ohno, "Volatile Spintronics," (invited) Spin Dynamics at the Nanoscale and its Applications,
New York University + Online, 2022/09/23-2022/09/24.

S. Fukami, "Spintronics technology for quasi-quantum computing," (invited) SUMKEN Seminar,
Online, 2022/10/13.

S. Fukami, "Spintronics devices for ultralow-power semiconductors and unconventional
computers," (plenary) IEEE Region 10 Conference, Hong Kong + Online,
2022/11/01-2022/11/04.

S. Fukami, "MTJ device physics and technologies toward deeply scaled STT-MRAM and
probabilistic-computing applications," (invited) The 67th Annual Conference on Magnetism and
Magnetic Materials, Minneapolis, USA + Online, 2022/10/31-2022/11/04.

Y. Takeuchi, Y. Yamane, J.-Y. Yoon, R. Itoh, R. Takechi, K. Kishi, S. DuttaGupta, S. Kanai, B.
Jinnai, J. Ieda, H. Ohno, and S. Fukami, "Chiral-spin rotation of antiferromagnetic Weyl
semimetal Mn3Sn by spin-orbit torque,”" (invited) Advanced Technology Institute (ATI), 2022
2nd spintronics workshop, Hibikoku Conference Square, Tokyo, 2022/11/16.

S. Kanai, "Experiment and theory of superparamagnetic tunnel junction,” (invited) IMEC
academy symposium, Leuven, Belgium+ Online, 2022/12/05-2022/12/06.

J. Llandro, "Morphology and properties of self-organized 3D gyroid nanostructures," (invited)
IMEC academy symposium, Leuven, Belgium + Online, 2022/12/05-2022/12/06.

Y. Yamane, "Theory of emergent inductance with spin-orbit coupling effects," (invited) IMEC
academy symposium, Leuven, Belgium+ Online, 2022/12/05-2022/12/06.

S. Fukami, "Dynamics of a stochastic nanomagnet for probabilistic computing," (invited) SPIN
CAVITRONICS IV, MAX PLANCK INSTITUTE FOR THE SCIENCE OF LIGHT -
ERLANGEN, 2022/12/07-2022/12/09.

S. Kanai, T. Funatsu, J. Ieda, S. Fukami, and H. Ohno, "Stochasticity and Bifurcation in
Spintronics Device for Probabilistic Computing," (invited) 2022 International Symposium on
Nonlinear Theory and Its Applications (NOLTA2022), Online, 2022/12/12-2022/12/15.

N. A. Aadit, A. Grimaldi, K. Selcuk, K. Kobayashi, Q. Cao, S. Chowdhury, G. Finocchio, S.
Kanai, H. Ohno, S. Fukami, and K. Y. Camsari, "CMOS + stochastic MTJ: Heterogeneous
probabilistic computers for optimization and sampling," (invited) The 11th RIEC International
Symposium on Brain Functions and Brain Computer (BFBC2023), Tohoku University, Sendai,
Japan + Online, 2023/02/17-2023/02/18.

S. Kanai, "Exploring qubit host materials based on generalized scaling of spin coherence,"
(invited) International Workshop of Spin and Quantum Devices and Materials, Sendai, Japan,
2023/02/23-2023/02/24.

S. Fukami, "Probabilistic Spintronics for Beyond CMOS," (invited) SPEAR Workshop
Spintronics for beyond CMOS, University of Gothenburg + Online, 2023/03/20-2023/03/22.

N. A. Aadit, A. Grimaldi, K. Selcuk, K. Kobayashi, Q. Cao, S. Chowdhury, G. Finocchio, S.
Kanai, H. Ohno, S. Fukami, and K. Y. Camsari, "Heterogencous probabilistic computers for
optimization and sampling," (invited) 2nd Online RIEC International Workshop on Spintronics,
Online, 2023/03/14-2023/04/06.

S. Fukami, "Probabilistic Spintronics - Computing and Device Physics," (invited)
SPICE-Spin+X Seminars, Online, 2023/03/29.

S. Kanai, "Device physics of stochastic magnetic tunnel junction," (invited) 2nd Online RIEC
International Workshop on Spintronics, Online, 2023/03/14-2023/04/06.
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Ultra-Broadband Signal Processing
(T. Otsuji and A. Satou)

PREI VK - TINVYEFERREFT/ M ADHE

Novel millimeter-wave and terahertz-wave integrated microelectronic devices
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We are developing novel, integrated electron devices and circuit systems operating in the
millimeter-wave and terahertz regions. One example is the frequency-tunable plasmon-resonant
terahertz emitters, detectors, and modulators. Another example is unique electromagnetic
metamaterial circuit systems based on optoelectronic dispersion control of low-dimensional
plasmons. We are also pursuing graphene-based new materials to create new types of terahertz
lasers and ultrafast transistors, breaking through the limit on conventional transistor/laser
operation. By making full use of these world-leading device/circuit technologies, we are
exploring future ultra-broadband wireless communication systems as well as
spectroscopic/imaging systems for safety and security.
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1.

Dmitry Ponomarev, Denis Lavrukhin, Igor Glinskiy, Alexander Yachmenev, Nikolay Zenchenko,
Rustam Khabibullin, Yurii Goncharov, Taiichi Otsuji, and Kirill Zaytsev, "Enhanced THz
radiation through thick plasmonic electrode grating photoconductive antenna with tight
photocarrier confinement," Opt. Lett., vol. 48, no. 5, pp. 1220-1223, Feb. 2023. DOI:
10.1364/0L.486431

K. Tamura, C. Tang, D. Ogiura, K. Suwa, H. Fukidome, Y. Takida, H. Minamide, T. Suemitsu, T.
Otsuji, and A. Satou, "Fast and sensitive terahertz detection in a current-driven
epitaxial-graphene asymmetric dual-grating-gate FET structure," APL Photonics, vol. 7, iss. 7,
pp. 16101-1-10, Dec. 2022. DOI: 10.1063/5.0122305 (Featured article)

Taiichi Otsuji, "Trends and future prospects in the research of graphene plasmonic THz
devices," IEICE Transactions on Electronics, vol. J105-C, no. 12, pp. 358-366, Dec. 2022. DOL:
10.14923/transelej.2022JCI0007 (invited, in Japanese)

Lan Wang, Ning An, Sen Gong, Xuan Sheng, Yiwei Li, Baicheng Yao, CuiYu, Zezhao He,
Qingbin Liu, Zhihong Feng, Taiichi Otsuji, and Yaxin Zhang, "Ultrafast terahertz transparency
boosting in graphene meta-cavities," Nanophoton., vol. 11, issue 21, pp. 4899-4907, Nov. 2022.
DOI: 10.1515/nanoph-2022-0511

V. Ryzhii, M. Ryzhii, V. Mitin, M.S. Shur, and T Otsuji, "Transit-time resonances enabling
amplification and generation of terahertz radiation in periodic graphene p-i-n structures with the
Zener-Klein interband tunneling," J. Appl. Phys., vol. 132, pp. 184504-1-13, Nov. 2022. DOL:
10.1063/5.0124086

V. Ryzhii, T. Otsuji, M. Ryzhii, V. Mitin, and M.S. Shur, "Resonant plasmonic terahertz
detection in gated graphene p-i-n field-effect structures enabled by nonlinearity from
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Zener-Klein tunneling," Phys. Rev. Appl., vol. 18, no. 3, pp. 034022-1-12, Sept. 2022. DOI:
10.1103/PhysRevApplied.18.03402210.1103/PhysRevApplied.18.034022
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1.

10.

11.

Dai Nakajima, Kazuki Nishimura, Mitsuki Watanabe, Tsung-Tse Lin, Keisuke Kasai, Masato
Yoshida, Tetsuya Suemitsu, Taiichi Otsuji, Akira Satou, "Conversion Gain Enhancement of a
UTC-PD-Integrated HEMT Photonic Double-Mixer by High-Intensity Optical Subcarrier
Signal," OFC: Optical Fiber Communication Conference 2023, San Diego Convention Center,
San Diego, California, USA, March 5-9, 2023. DOI: 10.1364/0OFC.2023.M3D.7

Akira Satou, "Fast and sensitive THz detection by an asymmetric-dual-grating-gate
epitaxial-graphene-channel FET," A3 Foresight Workshop on 2D Materials, President Hotel,
Seoul, Korea, Feb. 17-18, 2023.

M. Ryzhii, V. Ryzhii, T. Otsuji, V. Mitin and M. S. Shur, "Self-excitation of Terahertz Plasmons
in Graphene FETs Enabled by Transit-time Negative Dynamic Conductance,” 2023
International Conference for Advancement in Technology (ICONAT), vol. 1, pp. 1-5, Goa, India,
Jan. 24-26, 2023. DOI: 10.1109/ICONAT57137.2023.10080743.

V. Ryzhii, M. Ryzhii, V. Mitin, M.S. Shur, and T. Otsuji, "Zener-Klein tunneling and
transit-time effects in cascade periodic graphene p-i-n structures: amplification and emission of
terahertz radiation,” WINDS: the Workshop on Innovative Nanoscale Devices and Systems
Abstracts Booklet, Th-AM1-7, vol. 1, pp. 1-2, Royal Sonesta Kaua(I Resort Lifue, Hawaii,
USA, Dec. 4-9, 2022.

K. Narita, D. Nakajima, T. Suemitsu, Y. Takida, H. Minamide, T. Otsuji, and A. Satou, "Drastic
Improvement on Pulse Response of Grating-Gate Plasmonic THz Detector by Introduction of
Inverted-HEMT Structure,"” FTT: the 3rd International Symposium on Frontiers in THz
Technology, Fukui, Japan, Nov. 16-18, 2022.

K. Tamura, C. Tang, D. Ogiura, K. Suwa, H. Fukidome, Y. Takida, H. Minamide, T. Suemitsu, T.
Otsuji, and A. Satou, "Unipolar photothermoelectric THz detection assisted by Coulomb
drift/diffusion of Dirac fermions in asymmetric dual-grating-gate graphene FETs," RPGR:
Recent Progress on Graphene and related 2D materials Research International Conference,
Taipei, Taiwan, Nov. 13-17, 2022.

C. Tang, K. Tamura, A. Satou, V. Ryzhii, and T. Otsuji, "A distributed model of the
asymmetric-gated graphene Coulomb-drag-effect transistor for terahertz applications," RPGR:
Recent Progress on Graphene and related 2D materials Research International Conference,
Taipei, Taiwan, Nov. 13-17, 2022.

Chao Tang, Koichi Tamura, Akira Satou, Victor Ryzhii, Taiichi Otsuji,
"Single-asymmetric-gated graphene field-effect transistor for terahertz applications," SSDM:
International Conference on Solid State Devices and Materials, J-3-03, Makuhari, Tokyo, Sept.
26-29, Japan

D. Nakajima, K. Nishimura, T. Hosotani, K. Kasai, M. Yoshida, T. Suemitsu, T. Otsuji, and A.
Satou, "Optical-to-MMW/THz Carrier Frequency Down-Conversion by UTC-PD-Integrated
HEMT: the Scaling Rule of Conversion Gain on UTC-PD Mesa Size," SSDM: International
Conference on Solid State Devices and Materials, A-6-06, Makuhari, Tokyo, Sept. 26-29, Japan

Kenichi Narita, Takumi Negoro, Yuma Takida, Hiromasa Ito, Hiroaki Minamide, Tetsuya
Suemitsu, Taiichi Otsuji, Akira Satou, "Pulse Response of Asymmetric Dual-Grating-Gate
HEMT Plasmonic THz Detector," IRMMW-THz: the 47th International Conference on Infrared,
Millimeter, and Terahertz Waves, Th-PM1-2-2, Delft, Netherland, Aug. 28-Sept. 2, 2022. DOI:
10.1109/IRMMW-THz50927.2022.9895931

Victor Ryzhii, Maxim Ryzhii, Akira Satou, Vladimir Mitin, Michael Shur, and Taiichi Otsuji,
"Discovery of Coulomb-Drag Instability of Graphene Dirac Plasmons," IRMMW-THz: the 47th
International Conference on Infrared, Millimeter, and Terahertz Waves, We-PM2-1, Delft,
Netherland, Aug. 28-Sept. 2, 2022. DOI: 10.1109/IRMMW-THz50927.2022.9966853
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13.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

C. Tang, K. Tamura, A. Satou, V. Ryzhii, and T. Otsuji, "Asymmetric FET structure on graphene
for terahertz applications," TWHM: Topical Workshop on Heterostructure Microelectronics,
Hiroshima, Aug. 29-30, 2022.

Dai Nakajima, Kazuki Nishimura, Tomotaka Hosotani, Keisuke Kasai, Masato Yoshida,
Tetsuya Suemitsu, Otsuji Taiichi, Akira Satou, "UTC-PD-Integrated HEMT For
Optical-to-MMW/THz Carrier Frequency Down-Conversion: Scaling Rule Of Conversion Gain
On UTC-PD Mesa Size," IRMMW-THz: the 47th International Conference on Infrared,
Millimeter, and Terahertz Waves, Mo-P-1, Delft, Netherland, Aug. 28-Sept. 2, 2022. DOI:
10.1109/IRMMW-THz50927.2022.9895988

A. Satou, and T. Otsuji, "Recent progress in the development of grating-gate InGaAs-channel
HEMTS: for fast and sensitive THz detection," SPIE Optics+Photonics 2022, Conference 12230
Terahertz Emitters, Receivers, and Applications XIII, Paper 12230-18, San Diego, CA, USA,
Aug. 21-25, 2022. (invited); A. Satou, T. Otsuji, "Recent progress in the development of
grating-gate InGaAs-channel HEMTs for fast and sensitive THz detection,” Proc. SPIE, vol.
12230, pp. 122300I-1-6, Sept. 2022. DOI: 10.1117/12.2633618

T. Otsuji, "Controlling the non-Hermitian graphene Dirac plasmons and its application to
terahertz laser transistors," CLEO-PR: the 15th Pacific Rim Conference on Lasers and
Electrooptics, CMP3B-01, Sapporo, Japan, July 31 - Aug. 5, 2022. (invited)

Dmitry Ponomarev, Kirill Zaytsev, Maksim Skorobogatiy, Rustam Khabibullin, Igor Glinskiy,
and Taiichi Otsuji, "Optical-to-THz switches for pulse THz generation and detection," SUM:
2022 IEEE Photonics Society Summer Topicals Meeting Series, WF3.2, Cabo San Lucas,
Mexico, July 11-17, 2022. (invited) DOI: 0.1109/SUM53465.2022.9858202

A. Satou, and T. Otsuji, "Recent Advances of Grating-Gate Transistors for Fast, Sensitive,
Room-Temperature Plasmonic Terahertz Detection,” SUM: 2022 IEEE Photonics Society
Summer Topicals Meeting Series, WF3.1, Cabo San Lucas, Mexico, July 11-17, 2022. (invited)
DOI: 10.1109/SUMS53465.2022.9858286

T. Otsuji, "Controlling the parity and time-reversal symmetry of metasurfaces in current-driven
graphene Dirac plasmons," CIMTEC: 15th International Ceramics Congress & 9th Forum on
New Materials, Conference FF: Electromagnetic Metamaterials and Metasurfaces: Recent
Research Achievements and New Paradigms, paper # FF-6:1L02, Perugia, Italy, June 28-30,
2022 (invited)

Y. Sasaki, T. Otsuji, and A. Satou, "Plasmon-polariton excitation and hydrodynamic
rectification effects in plasmonic terahertz detector with two-dimensional diffraction grating
structure,” OTST 2022: The 9th International Conference on Optical Terahertz Science and
Technology, Budapest, Hungary, June 19-24, 2022.

T. Otsui, A. Satou, S.A. Boubanga-Tombet, H. Fukidome, M. Ryzhii, K. Narahara, V. Mitin,
M.S. Shur, and V. Ryzhii, "Recent advances in the research of graphene plasmonic terahertz
laser transistors," the 241st ECS Meeting Proc., paper # B04-0779, Vancouver, BC, Canada,
May 29 - June 2, 2022. (invited)

T. Otsuji, "Controlling the PT symmetry of non-Hermitian graphene Dirac plasmons and its
application to terahertz lasers," AES2022: the 8th Int. Conf. on Antennas and EM Systems Proc.,
vol. 1, p. 278, Marrakesh, Morocco, Hybrid, May 24-27, 2022. (invited)

Yuma Takida, Kouji Nawata, Takashi Notak, Taiichi Otsuji, Hiroaki Minamide, "Optical
up-conversion-based cross-correlation of terahertz-wave pulses," CLEO: Conference on Lasers
and Electro-Optics 2022, the San Jose McEnery Convention Center, San Jose, California, USA,
May 15-20, 2022. DOI: 10.1364/CLEO_SI1.2022.STu5L.4

Taiichi Otsuji, Akira Satou, Hirokazu Fukidome, Maxim Ryzhii, Victor Ryzhii, and Koichi
Narahara, "Controlling the PT symmetry of Dirac plasmons in dual-grating-gate graphene THz
laser transistors for ultrafast gain switching," CLEO: Conference on Lasers and Electro-Optics
2022, the San Jose McEnery Convention Center, San Jose, California, USA, May 15-20, 2022.
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Enrique Velazquez-Perez, Jaime Calvo-Gallego, Enrique Diez, Takashi Taniguchi, Kenji
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Workshop on Compound Semiconductor Devices and Integrated Circuits held in Europe & the
16th Expert Evaluation and Control of Compound Semiconductor Materials and Technologies,
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EFT/NM R (KIZE)
Quantum Devices
(T. Otsuka)

EkT/ BEOMERA L T/ AIEADHER

Electronic properties of nanostructures and device applications

B U EIALEE, @3 21 72 ARFge & LT, ATTACVERL, #i4 L7= [EiR - fEiE
WZBT MMM, BEXOT A REHOMIEEED T D, T/ A—FLVAT—LD
N2 BT M CIE E T IIRFE ORI YHEBILNEL, TN EIEHTLZ 21
KB LOHEREMET A A 2RI 5 Z LR TE S, BT/ #ETORFTE FHIRED
TR 2R RS A IR & BRAE L 7228 B ER T A I B T D BB S % fR
L. FERT 2 MEEICB T 2E T EZIEH L8 LOBE, 7351 20158, Bi%
EIToTC0W5h, ZHUZEIVETFTLYZ hr=J A0 /b7 hr=J A %EE2B LT,
FUWEBRALE, EEHNCERT A Z &2 HIET,

We are working on probing electronic properties of solid-state nanostructures and device
applications. In solid-state nanostructures, exotic phenomena like quantum effects occur. We are
exploring interesting properties of artificial nanostructures utilizing precise and high-speed
electric measurement and control techniques. We are also developing materials and devices using
nanostructures. We will contribute to new information processing and communication
technologies through quantum and nanoelectronics.

(EFHATERX]

1.

2.

T. Kato*, T. Kitada*, M. Seo, W. Okita, N. Sato, M. Shinozaki, T. Abe, T. Kumasaka, T. Aizawa,
Y. Muto, T. Kaneko, and T. Otsuka* (*equal contribution), "Scalable fabrication of graphene
nanoribbon quantum dot devices with stable orbital-level spacing", Communications Materials 3,
103 (2022), DOI: 10.1038/s43246-022-00326-3

M. Shinozaki, J. Igarashi, S. Iwakiri, T. Kitada, K. Hayakawa, B. Jinnai, T. Otsuka, S. Fukami,
K. Kobayashi, and H. Ohno, "Nonlinear conductance in nanoscale CoFeB/MgO magnetic tunnel
junctions with perpendicular easy axis", Physical Review B 107, 094436 (2023), DOL:
10.1103/PhysRevB.107.094436

[Eff=ERR]

1.

T. Otsuka”, “Quantum dots in new materials for quantum devices”, International Workshop of
Spin/Quantum Materials and Devices, Sendai, Feb. 24, 2023 (invited).

Y. Muto, T. Nakaso, T. Aizawa, M. Shinozaki, T. Kitada, T. Nakajima, M. R. Delbecq, J. Yoneda,
K. Takeda, A. Noiri, A. Ludwig, A. D. Wieck, S. Tarucha, A. Kanemura, M. Shiga, and T.
Otsuka, “Noise Robust Automatic Recognition Method of Charge States in Quantum Dots by
Machine Learning”, The 4th International Symposium on Al and Electronics, Sendai, Feb. 13,
2023.

R. Tataka, A. Sharma, T. Johmen, M. Shinozaki, T. Kumasaka, Y. P. Chen and T. Otsuka,
“Formation of quantum dots in MoS2 utilizing intrinsic Schottky barriers”, Symposium for The
Core Research Clusters for Materials Science and Spintronics, and International Joint Graduate
Program in Materials Science, Online, Oct. 25, 2022.

T. Johmen, M. Shinozaki, Y. Fujiwara, R. Tataka, T. Aizawa, T. Kumasaka and T. Otsuka,
“High-frequency measurement in bilayer graphene nanodevices”, Symposium for The Core
Research Clusters for Materials Science and Spintronics, and International Joint Graduate
Program in Materials Science, Online, Oct. 25, 2022.

K. Noro, T. Kumasaka, Y. Fujiwara, Y. Kozuka, A. Tsukazaki, M. Kawasaki and T. Otsuka,
“Kondo Effects in ZnO Quantum Dots”, Symposium for The Core Research Clusters for
Materials Science and Spintronics, and International Joint Graduate Program in Materials
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Science, Online, Oct. 25, 2022.

Y. Muto, T. Nakaso, T. Aizawa, M. Shinozaki, T. Kitada, T. Nakajima, M. R. Delbecq, J. Yoneda,
K. Takeda, A. Noiri, A. Ludwig, A. D. Wieck, S. Tarucha, A. Kanemura and T. Otsuka, “Charge
state recognition in double quantum dot devices by machine learning”, Symposium for The Core
Research Clusters for Materials Science and Spintronics, and International Joint Graduate
Program in Materials Science, Online, Oct. 25, 2022.

Y. Moto, T. Nakaso, T. Aizawa, M. Shinozaki, T. Kitada, T. Nakajima, M. R. Delbecq, J. Yoneda,
K. Takeda, A. Noiri, A. Ludwig, A. D. Wieck, S. Tarucha, A. Kanemura and T. Otsuka, Noise
robust recognition of charge states in quantum dots by machine learning and reprocessing”,
International Conference on the Physics of Semiconductors 2022, Jun. 27-30, 2022.
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Nano-Bio Hybrid Molecular Devices
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Nano-Bio Hybrid Molecular Devices (A. Hirano-lwata)
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Cl F/ - NAFTREDFTNAR (ETHES)

Nano-Bio Hybrid Molecular Devices
(A. Hirano-lwata)

AIHREICE DK TS ROFFKEICRICET MK

Development of artificial cell membrane sensors and their medical applications
AN LA IR S 2 5 U R e EDERA 7 ) —= 71EL LTO
JSHZBRL TV,

We are aiming to reconstitute artificial cell membrane structures as a platform for
high-throughput screening of new drug candidates.

NAF - BEMBHZEDICEF - 130 T1 RADRIRLICET 5H%

Construction of electronic and ionic devices based on bio and organic materials

B « A ARBTG5 5 7 /3 ZAO/ERRSZ OB RS O R 4 1@
LT, FHREF - AT T A ZDRIZE B L TW5,

We are developing bio and organic devices with novel functions. Through the evaluation of their
working principles, we are aiming to create new electronic and ionic devices.

EEEHFEMEEEAO - ATHZERAICET 0%

Construction of artificial neuronal networks based on cultured neurons

FRON THM 2 JF 721 U AR & 7o i 2 JR B3R F- & L2 DET Vv AT
LDORIKZ BHE L TV 5,

We are investigating construction of a brain model system by utilizing living neuronal cells as
fundamental elements.

[EFATERX]
1.

H. Kageyama, T. Ma, M. Sato, M. Komiya, D. Tadaki, A. Hirano-Iwata, “New aspects of bilayer
lipid membranes for the analysis of ion channel functions”, Membranes, 12, 863 (2022). DOI:
10.3390/membranes12090863

T. Sumi, H. Yamamoto, Y. Katori, S. Moriya, T. Konno, S. Sato, A. Hirano-Iwata, “Biological
neurons act as generalization filters in reservoir computing”, ArXiv. DOIL:
10.48550/arXiv.2210.02913

D. Ando, T.F. Teshima, F. Zurita, H. Peng, K. Ogura, K. Kondo, L. Weil3, A. Hirano-Iwata, M.
Becherer, J. Alexander, B. Wolfrum, “Filtration-processed biomass nanofiber electrodes for
flexible bioelectronics”, J. Nanobiotechnol., 20, 491 (2022). DOI: 10.1186/s12951-022-01684-3

Y. Sato, H. Yamamoto, H. Kato, T. Tanii, S. Sato, A. Hirano-Iwata, ‘“Microfluidic cell
engineering on high-density microelectrode arrays for assessing structure-function relationships in
living neuronal networks”, Front. Neurosci., 16, 943310 (2023). DOI: 10.3389/fnins.2022.943310

(EfRsERR]
1.

M. Sato, M. Komiya, K. Kanomata, T. Ma, D. Tadaki, F. Hirose, A. Hirano-Iwata, “Development
of a novel planar lipid bilayer system that enables application of a lateral voltage as a new input
for the functional analysis of ion channels”, ACS Fall 2022, Online, August 23, 2022.

T. Ma, K. Watabe, A. Hirano-Iwata, “Extraordinary optical properties of 2D bio-hybrid
membranes”, The 22nd International Vacuum Congress (IVC-22), Sapporo Convention Center,
Sapporo, Japan, September 14, 2022.

M. Sato, M. Komiya, K. Kanomata, T. Ma, D. Tadaki, F. Hirose, A. Hirano-Iwata, “Fabrication of
a novel Teflon film that enables the application of the lateral voltage as a new input for the
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11.

12.

13

14.

functional analysis of ion channels based on planar lipid bilayers”, The 22nd International
Vacuum Congress (IVC-22), Sapporo Convention Center, Sapporo, Japan, September 14, 2022.

T. Sumi, H. Yamamoto, Y. Katori, K. Ito, S. Sato, A. Hirano-Iwata, “Time-series classification in
micropatterned neuronal network reservoirs”, 2022 International Symposium on Nonlinear
Theory and Its Applications (NOLTA2022), Online, December 12, 2022.

A. Hirano-Iwata, M. Sato, M. Hariyama, M. Komiya, H. Yamamoto, “An adaptive automatic
system for analyzing single channel currents”, The 11th RIEC International Symposium on Brain
Functions and Brain Computer (BFBC2023), Online / Tohoku Universtiy, Sendai, Japan, February
17,2023.

H. Yamamoto, T. Takemuro, T. Sumi, J. Soriano, S. Sato, A. Hirano-Iwata, “Stimulus responses of
modular neuronal networks grown on engineered substrates”, The 11th RIEC International
Symposium on Brain Functions and Brain Computer (BFBC2023), Online / Tohoku Universtiy,
Sendai, Japan, February 17, 2023.

T. Sumi, H. Yamamoto, K. Ito, Y. Katori, S. Sato, A. Hirano-Iwata, “Physical reservoir computing
with biological neuronal network with modular organization”, The 11th RIEC International
Symposium on Brain Functions and Brain Computer (BFBC2023), Online / Tohoku Universtiy,
Sendai, Japan, February 18, 2023.

M. Sakaibara, H. Yamamoto, H. Murota, S. Sato, A. Hirano-Iwata, “In vitro modeling of neural
activity modulation induced by interleukin-6, The 11th RIEC International Symposium on Brain
Functions and Brain Computer (BFBC2023), Online / Tohoku Universtiy, Sendai, Japan, February
18, 2023.

S. Kishino, N. Mochizuki, A. Hirano-Iwata, H. Yamamoto, T. Tanii, “State transition of
spontaneously firing single neurons in autaptic culture upon electric stimulation”, The 11th RIEC
International Symposium on Brain Functions and Brain Computer (BFBC2023), Online / Tohoku
Universtiy, Sendai, Japan, February 18, 2023.

N. Monma, H. Murota, H. Yamamoto, A. Hirano-Iwata, S. Sato, “In vitro reconstruction of
artificial neuronal networks with oriented inter-modular connections”, The 11th RIEC
International Symposium on Brain Functions and Brain Computer (BFBC2023), Online / Tohoku
Universtiy, Sendai, Japan, February 18, 2023.

Y. Sato, H. Yamamoto, H. Kato, T. Tanii, S. Sato, A. Hirano-Iwata, “Analysis of
structure-function relationship of micropatterned modular neuronal networks on high-density
multi-electrode arrays”, The 11th RIEC International Symposium on Brain Functions and Brain
Computer (BFBC2023), Online / Tohoku Universtiy, Sendai, Japan, February 18, 2023.

Y. Sono, H. Yamamoto, Y. Sato, T. Tanii, A. Hirano-Iwata, S. Sato, “Stimulus responses of
micropatterned neuronal networks with modular structure grown on high-density multielectrode
arrays”, The 11th RIEC International Symposium on Brain Functions and Brain Computer
(BFBC2023), Online / Tohoku Universtiy, Sendai, Japan, February 18, 2023.

. A. Hirano-Iwata, M. Sato, M. Hariyama, M. Komiya, H. Yamamoto, “An adaptive automatic

method for idealization of single-channel currents”, 13th International Workshop on
Nanostructures & Nanoelectronics (IWNN-13), Online, March 7, 2023.

D. Tadaki, K. Iwata, H. Abe, T. Ma, A. Hirano-Iwata, Y. Kimura, S. Suda, M. Niwano,
“Development of a highly sensitive gas sensor using TiOz-nanotube film”, 13th International
Workshop on Nanostructures & Nanoelectronics (IWNN-13), Online, March 8, 2023.
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6—1 MERORRHEBEDBLE Facilities and Equipments
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