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Highlights of Research in FY2023
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Nano Integration
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Nano-Integration Devices and Systems (S. Sato, M. Sakuraba, and H. Yamamoto)
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(1) A reservoir computing system has been configured using a spiking neural network LSI that reproduces
various neural pulses and operates at extremely low power. Electrical measurements confirmed that the
system could correctly classify data such as voice and handwritten text at low power.

(2) To develop Esaki diode, heavily P-doped Si film deposition with a carrier concentration of 2 X 10%° cm™
was realized by using ECR plasma CVD. Moreover, we developed a pn junction diode fabrication process
using wet etching of the P-doped Si, and confirmed good rectifying characteristics.

(3) We showed that micropatterned neuronal networks can be integrated in the reservoir computing paradigm
to study the computational advantages of non-random network organizations.
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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

@ REVIFAZVR (RRAEW - HER)

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) elucidating magnetic order in nanoscale gyroid network using micromagnetic
simulation, (2) finding fundamental difference in the response of magnetic octupole to the spin-orbit torque
from that of magnetic dipole, (3) establishing a method to prepare directed self-assembly of diamond network
in triblock terpolymer films, (4) demonstrating the feed-forward stochastic neural network using fast
fluctuating stochastic magnetic tunnel junction, (5) identifying the limitation of packing density of ultra-
small magnetic tunnel junction for high-density STT-MRAM, (6) summarizing the tips to develop ultrasmall
magnetic tunnel junction for retention-critical and speed-critical applications, (7) demonstrating
heterogeneous probabilistic computer consisting of a deterministic CMOS circuit and stochastic magnetic
tunnel junctions.
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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. 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 2023 FY.

1. Creation of graphene-based current-injection terahertz lasers

We have developed a new principle current-injection terahertz laser transistor based on the properties of
Dirac plasmon, a quantum charge oscillation in graphene in which electrons and holes behave as relativistic
Dirac particles, and have successfully demonstrated a terahertz laser transistor with a maximum gain of 9%
derived from plasmon instability under room temperature using a prototype device with a unique asymmetric
double-diffraction grating gate structure. The prototype device has succeeded in terahertz band coherent



amplification with a maximum gain of 9%, originating from plasmon instability, at room temperature. In this
year, we theoretically discovered new instability mechanisms originating from the Coulomb drag effect of
the Dirac plasmons and the Zener-Klein tunneling effect of Dirac fermions, and clarified its superior terahertz
gain bandwidth characteristics. (3 international peer-reviewed papers; 10 invited talks at international
conferences).

2. Development of plasmonic terahertz detectors

For future ultrahigh-speed wireless communications, we have developed plasmonic terahertz detectors with
original metallic diffraction-grating structures, which utilize hydrodynamic nonlinearities of two-
dimensional plasmons in the channels of InGaAs high-electron-mobility transistors (InGaAs-HEMTs). This
fiscal year, we demonstrated that the "3D rectification effect”, where the diode current nonlinearity associated
with the electron tunneling is superimposed onto the plasmonic hydrodynamic nonlinearities, can take place
by applying a positive gate bias voltage in the gate-readout configuration of the output signal and succeeded
in drastic enhancement of the detector responsivity by one order of magnitude (Press-released on November
2023).

® EFT/NMRX (KIFRAEE)
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 2023 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-speed electronics and developed
techniques for new materials.

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

(3) We studied semiconductor quantum bits for future quantum information processing. We worked on
quantum bit operations and readouts, and developed techniques for scaling up the systems and creating new
material-based devices.
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Nano-Bio Hybrid Molecular Devices

® 7/ - NAABMERFTINAR (FHER)
Nano-Bio Hybrid Molecular Devices (A. Hirano-Iwata)
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Our research activities focus on development of sophisticated molecular-scale devices through the
combination of well-established microfabrication techniques and various soft materials, such as biomaterials
and organic materials.

(1) We developed an automated analysis system to classify the current values at each time point into two



levels corresponding to the open and closed states of the channel. This system showed a higher accuracy rate
than the conventional 50% threshold for about 80% of the pseudo-channel current data sets. The analysis
program and the pseudo-channel current data set are available on the research data repository Zenodo.

(2) By patterning neurons using microfluidic devices, we realized artificial neuronal networks that mimic the
modular organization found in the nervous system. We investigated the effect of IL-6 on the spontaneous
activity patterns of the neuronal networks and found that exposure to IL-6 increased the synchrony of
neuronal activity, and that this effect was more pronounced in networks with high modularity.

(3) Spheroids, produced by self-assembly of cells in a 3D culture environment, are promising in vitro models
for regenerative medicine and drug discovery. We evaluated the metabolic activity of spheroids using
electrochemiluminescence imaging. We reported the effective use of this system to evaluate drug efficacy by
measuring changes in the respiratory rate of breast cancer cell spheroids. We also succeeded in monitoring
the changes in the metabolic activity associated with osteogenesis induction of mesenchymal stem cell
spheroids.
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COE of International Research Collaboration
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20th RIEC International Workshop on Spintronics

(as a part of "The 7th Symposium for the Core Research Clusters for Materials Science and Spintronics and the 6th Symposium on

International Joint Graduate Program in Materials Science and Spintronics)

November 30 Thursday - December 1 Friday, 2023
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical Communication, Tohoku University

Day Time Category |Speaker Affiliation Title
13:25| - [13:30 Opening remarks
B . Topological Magnetic Materials for Innovative Quantum
13:30( - [14:15 []Plenary Satoru Nakatsuji |Univ. Tokyo )
Electronics
. i o Electrical Control of Magnetic State in Non-collinear
14:15| - |14:45 [Jinvited Hang Xie Nat'l Univ. Singapore .
Antiferromagnet Mn3Sn
. A . . Optical detection of orbital Hall effect in light metals of
14:45| - [15:15 []Invited Gyung-Min Choi  [Sungkyunkwan Univ. .
Ti, Mn, and Cu
15:15( - [15:35 Break
. . Unconventional Spin-Orbit Torques in Sputtered
15:35| - [16:05 [Invited Shan Wang Stanford Univ. ) ) o
Materials for High Density High Speed MRAM
11/30 —
. . . Heterogeneous Probabilistic Computers for Boltzmann
(Thu) | 16:05] - [16:35 []invited Nihal Singh UC Santa Barbara .
Inference and Learning
16:35( - [17:05 [Invited Advait Madhavan |NIST CMOS-MT]J Circuits for Alternative Computing
17:05| - [17:20 Break
. L . Topological Phenomena in Magnetic Weyl Semimetal
17:20( - [17:50 [Invited Kohei Fujiwara Tohoku Univ. o
Co3Sn2S2 Thin Films
17:50{ - [18:20 []Invited Ping Tang Tohoku Univ. Spintronic Analog in Ferroelectric Materials (tentative)
18:20| - [19:00 Transfer
19:00( - [20:30 Banquet
) A 10 nm spin Hall nano-oscillators and mutual
9:00( - 19:30 [JInvited Johan Akerman Gothenburg / Tohoku o )
synchronization of thousands of oscillators
. Tomoyuki . Pattern recognition with reservoir computing using
9:30( - |10:00 [JInvited . Univ. Tokyo o . .
Yokouchi magnetic-field induced dynamics of skyrmions
10:00( - [10:30 [Invited Zhaochu Luo Peking Univ. Electrically Programmable Nanomagnetic Ising Network
10:30f - [10:50 Break
10:50| - [11:20 [JInvited Shutaro Karube Kyoto Univ. Introduction to altermagnetism and its application
. . L . . Experimental Evidences for Relativistic Effects in
11:20{ - [11:50 [}Invited Maciej Sawicki Polish Acad. Sci. )
12/1 Altermagnetic Hexagonal MnTe
(Fri) 11:50( - [13:30 Lunch
13:30| - [14:00 [Jinvited Kazuya Ando Keio Univ. Spin and orbital Hall torques
14:00| - |14:30 [JInvited Mathias Klaeui Univ. Mainz Spin-orbitronics and orbitronics for stochastic computing
14:30| - [14:50 Break
Philippe Harnessing stochastic properties of spintronic
14:50| - [15:20 [JInvited pp. Spintec . & P p P .
Talatchian nanodevices for unconventional computing
. . . Probabilistic and quantum spin dynamics for
15:20{ - [15:50 []Invited Shun Kanai Tohoku Univ. . . .
unconventional electronics (tentative)
15:50| - [15:55 Closing remarks
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Feb. 27

9:30 - 9:35
9:35-10:05
10:05 - 10:25
10:25 - 10:45
10:45 - 11:00
11:00 - 11:30
11:30 - 11:50
11:50 - 13:30
13:30 - 14:00
14:00 - 14:20
14:20 - 14:40
14:40 - 14:55
14:55 - 15:25
15:25 - 15:40
15:40 - 16:10

Program

Greetings
A. Hirano-Iwata (Tohoku Univ., Japan)

---- Special Session 1 (Chair: S. Sato) ----
"Spintronics-Based Edge Computing Hardware Fundamentals"

[SS1-1 (Invited)] Analog spiking neural networks with floating gate synapses in
CMOS technology
M. Baschieri, G. Camisa, E. Polidori, M. Mastella, E. Prati, G. Ferrari (PoliM, Italy)

[SS1-2] CMOS Spiking Neural Networks for Edge Computing

S. Sato, S. Moriya, S. Ono, H. Yamamoto, Y. Horio, Y. Yuminaka, J. Madrenas (Tohoku
Univ., Japan)

[SS1-3] Analysis of learning process in spatio-temporal learning network

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

Break (15 min)

[SS1-4 (Invited)] Spin and acoustic wave based Ising machines
J. ,Z\kerman, A. Litvinenko, R. Khymyn, A. A. Awad, R. Ovcharov, V. Gonzalez (Univ.
Gothenburg, Sweden, Tohoku Univ., Japan)

[SS1-5] Enhanced convergence in p-bit based simulated annealing with partial
deactivation for large-scale combinatorial optimization problems
N. Onizawa, T. Hanyu (Tohoku Univ., Japan)

Lunch Break

--- Special Session 2 (Chairs: Y. Masamizu, H. Yamamoto) ---
"The 3rd Symposium on Multicellular Neurobiocomputing”

[SS2-1 (Invited)] Learning and memory in stress circuits
T. Flzesi, N. P. Rasiah, D. G. Rosenegger, M. Rojas-Carvajal, T. Chomiak, N. Daviu, L. A.
Molina, K. Simone, T. L. Sterley, W. Nicola, J. S. Bains (Univ. Calgary, Canada)

[SS2-2] Reservoir-based predictive coding model for sensory signal processing
Y. Katori, Y. Yonemura (Future Univ. Hakodate, Japan)

[SS2-3] Stimulus-induced bursts of hippocampal mossy fibers
H. Kamiya (Hokkaido Univ., Japan)

Break (15min)

[SS2-4 (Invited)] Biomimetic spiking neural network and real-time closed-loop
bio-hybrid systems

T. Levi, R. Beaubois, J. Cheslet, P-M. Faure, G. N'kaoua, F. Poulletier de Gannes, P.
Branchereau, A. Tixier-Mita, Y. Ikeuchi (Univ. Bordeaux, France)

[SS2-5] Neuromorphic spatio-temporal spike pattern detection model with
biological plausibility

S. Furuichi, T. Kohno (Univ. Tokyo, Japan)

[SS2-6 (Invited)] Basic and translational applications for synthetic biological
intelligence: past findings and new tools

B. J. Kagan A. Azadi, D. Hogan, A. Doherty, A. Loeffler, J. Gritching, H. Forough, C.
Desouza, F. Doensen, G. Kirilow, J. Churchill, J. Bowkett, K. D. Abu-Bonsrah, B.
Watmuff, S. H. Byun, J. Stewart, H.W. Chong (Cortical Labs, Australia)
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16:10 - 18:10

--- Poster Session ---

[P-1] Plasticity and learning in a computational network model of dendritic
calcium-evoked bursting neurons
V. Sekulic, S. Dong, T. J. McHugh (RIKEN, Japan)

[P-2] Data-driven estimation framework for extracting nonlinear dynamics in
biophysical neuron models
H. Nakano, T. Omori (Kobe Univ., Japan)

[P-3] Machine learning algorithm for estimating neuronal network structure with
biologically plausible connectivity prior
T. Shoji, T. Omori (Kobe Univ., Japan)

[P-4] Data-driven online framework for estimation and feedback control of
neuronal dynamics by fully sequential Monte Carlo method
T. Omi, T. Omori (Kobe Univ., Japan)

[P-5] Parameter estimation of neuron-glia interactive dynamics with multiple
time scales
K. Fujiwara, T. Omori (Kobe Univ., Japan)

[P-6] Data-driven method for extracting latent neuronal systems from imaging
data
T. Watanabe, T. Omori (Kobe Univ., Japan)

[P-7] Time series prediction in reservoir neural network consists of heurons with
local temporal history
G. Ishii, Y. Horio (Tohoku Univ., Japan)

[P-8] Time-series prediction by neural network reservoir using output layer
neuron with temporal-history terms
T. Sano, Y. Horio, T. Orima, G. Ishii (Tohoku Univ., Japan)

[P-9] Multistage template matching evaluation technique for spatiotemporal
context learning network outputs
M. Furuya, T. Orima, Y. Horio, T. Tsuji (Tohoku Univ., Japan)

[P-10] Pattern recognition through synchronization to oscillatory inputs in
chaotic neural networks
K. Tokuda, N. Fujiwara (Juntendo Univ., Japan)

[P-11] Generation of Lorenz attractor by reservoir-based predictive coding in
cultured neurons with spiking neural network model

Y. Ishikawa, T. Shinkawa, T. Sumi, H. Kato, H. Yamamoto, Y. Katori (Future Univ.
Hakodate, Japan)

[P-12] A basic study of hierarchical reservoir computing for modeling Stroop
effect

H. Terakawa, H. Kato, Y. Yonemura, Y. Katori (Oita Univ., Japan)

[P-13] Contribution of AMPA and NMDA receptors to the synaptic weight of single
neurons in an autaptic culture

R. Onda, M. Yamazoe, S. Kishino, M. Ishida, H. Yamamoto, T. Tanii (Waseda Univ.,
Japan)

[P-14] Parameter analysis for biologically plausible learning algorithms for
recurrent SNNs: impact of dynamical and anatomical network properties

D. Nog, H. Yamamoto, S. Sato (Tohoku Univ., Japan)

[P-15] Simplified hierarchical reservoir computing model for multi-step ahead
time series prediction

Y. Wenkai, S. Moriya, H. Yamamoto, S. Sato (Tohoku Univ., Japan)
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Feb. 28

9:30 - 10:00

10:00 - 10:30

10:30 - 10:45

10:45 - 11:00

[P-16] Sparse binary neural networks: FPGA-based implementation

T. Okano, T. Saito (Hosei Univ., Japan)

[P-17] Physical reservoir made of gold-nanoparticle random arrays exhibiting
nonlinear characteristics due to the Coulomb blockade

Y. Hayashi, K. Kobayashi, M. Moriya, H. Shimada, Y. Mizugaki (Electro-Communications,
Japan)

[P-18] Analysis and circuit implementation of spatiotemporal contextual learning
and memory neural networks

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

[P-19] Analog circuit design of multiplicative spike-timing-dependent plasticity in
65-nm CMOS

S. Moriya, Y. Iida, H. Yamamoto, S. Sato (Tohoku Univ., Japan)

[P-20] Reservoir computing system with ultra-low power analog CMOS spiking
neural network LSIs

S. Ono, S. Moriya, H. Yamamoto, Y. Yuminaka, Y. Horio, S. Sato (Tohoku Univ., Japan)
[P-21] A hippocampus-inspired memory model with an accumulation function
through place representation planes for digital VLSI implementation

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

[P-22] Designing modular neuronal networks with directional connections to
enhance dynamical complexity

N. Monma, H. Yamamoto, H. Murota, S. Moriya, N. Fujiwara, A.Hirano-Iwata, S. Sato
(Tohoku Univ., Japan)

[P-23] Modulation of neuronal ensembles by optogenetic stimulation in biological
neuronal networks

H. Murota, H. Yamamoto, N. Monma, S. Sato, A. Hirano-Iwata (Tohoku Univ., Japan)
[P-24] Chitosan nanofibers as a substrate for neural stimulation

D. Ando, T. Teshima, F. Zurita, H. Peng, K. Ogura, K. Kondo, L. WeiB, A. Hirano-iwata,
M. Bechrer, J. Alexander, B. Wolfrum (Tohoku Univ., Japan)

[P-25] Recovery of neuronal activity in culture and numerical models through
functional connectivity reorganization

T. Sumi, A. M. Houben, A.-C. Hab, H. Yamamoto, H. Kato, Y. Katori, H. Chiba, J. Soriano,
A. Hirano-Iwata (Tohoku Univ., Japan)

[P-26] Exhibition

B.J. Kagan (Cortical Labs, Australia)

--- General Session 1 (Chair: S. Moriya) ---
[GS1-1 (Invited)] From quantum perceptrons to quantum reservoir computing
E. Prati (Univ. Milan, Italy)
[GS1-2 (Invited)] Mapping spiking neural applications on digital custom
hardware for efficient real-time execution
J. Madrenas, B. Vallejo-Mancero, M. Zapata, S. Moriya, S. Sato (Polytechn. Univ.
Catalonia, Spain)
[GS1-3] Spike pattern learning through STDP mechanisms with competitive
dynamics and axonal delays
Z. Hao, T. Kohno (Univ. Tokyo, Japan)

Break (15 min)

18



11:00 - 11:30
11:30 - 11:50
11:50 - 12:10
12:10-12:30
12:30 - 14:00

--- Special Session 3 (Chair: Y. Katori) ---

"The 3rd Symposium on Multicellular Neurobiocomputing"
[SS3-1 (Invited)] Stimulation in engineered neuronal cultures: from plasticity to
reservoir computing
A.-C. Haeb, A. Houben, M. Olives, J. Soriano (Univ. Barcelona, Spain)
[SS3-2] Brain-wide mapping of stimulus induced variability quenching reveals
modularity of cortical network
T. Matsui (Doshisha Univ., Japan)
[SS3-3] Development in technology for the production of new neural circuits in
the brain
Y. Masamizu, H. Osaki, K. Nishimura, M. Kato-Negishi, H. Onoe, S. Takeuchi, M.
Matsuzaki (Doshisha Univ., Japan)
[SS3-4] "Multicellular Neurobiocomputing"” and beyond
H. Yamamoto, Y. Katori, T. Matsui, Y. Masamizu (Tohoku Univ., Japan)
Lunch (90 min)

--- Special Session 4 (Chair: M. Kimura) ---

"Brain-Mimicking and Inspired Computing: Devices, Architectures, and Algorithms"

14:00 - 14:20
14:20 - 14:40
14:40 - 14:55
14:55 - 15:10
15:10 - 15:25
15:25 - 15:55
15:55 - 16:10
16:10 - 16:25
16:25 - 16:40
16:40 - 17:00
17:00 - 17:05

[SS4-1] Thin-film memdevices and neuromorphic systems
M. Kimura (NAIST, Ryukoku Univ., Japan)

[SS4-2] Oxide channel ferroelectric-gate transistors for nonvolatile memory and
computing applications

E. Tokumitsu (JAIST, Japan)

[SS4-3] Training efficient stochastic computing neural networks using one-bit
unipolar encoding

B. Golbabaei, Y. Kan, R. Zhang, Y. Nakashima (NAIST, Japan)

[SS4-4] A stochastic encoding approach for robust brain-inspired
hyperdimensional computing
H. Tang, Y. Kan, R. Zhang, Y. Nakashima (NAIST, Japan)

Break (15 min)
--- General Session 2 (Chair: Y. Horio) ---

[GS2-1] Context-dependent binding effects and retrieval of episodic memories in
cortical network models with Hebbian-like plasticity
P. Herman, N. Chrysanthidis, A. Lansner, F. Fiebig (KTH Royal Inst. Technol., Sweden)

[GS2-2] Parameter fitting approach for the piecewise quadratic neuron model
using improved particle swarm optimization framework

Z. Yang, T. Kohno (Univ. Tokyo, Japan)

[GS2-3] A proposal of fading channel prediction method based on spin-wave
reservoir computing

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

[GS2-4] Acquisition of physical kinetics of machines by reservoir computing and
its applications to anomaly detection

S. Kojima, K. Minagawa, T. Saito, K. Ando, T. Asai (Hokkaido Univ., Japan)

[GS2-5] Neuromorphic design of cortical visual prosthesis
T. Yaqi, Y. Hayashida, Y. Takeuchi (Osaka Univ., Japan)

Closing

S. Sato (Tohoku Univ., Japan)
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RIEC

¥ Research Institute of Electrical Communication
Tohoku University

14th International Workshop on
Nanostructures & Nanoelectronics

Online

March 5-6, 2024

Organized by

Research Institute of Electrical Communication
Tohoku University

Co-Organized by
Nano-Spin Engineering Seminar
Cooperative Research Projects

Information Biotronics Seminar

Cooperative Society

Division of Soft-Nanotechnology,
The Japan Society of Vacuum and Surface Science

22



14th 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.
Daisuke Tadaki, Tohoku Univ.

Kaoru Hiramoto, Tohoku Univ.
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Program

March 5 (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: Daisuke Tadaki)

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

17:50 ~ 18:20
8:50 ~ 9:20

18:20 ~ 18:45
9:20 ~ 9:45

18:45 ~ 19:05
9:45 ~ 10:05

Update on 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)

Back-contact perovskite solar cells based on self-assembly

Teng Ma'?, Daisuke Tadaki®, Michio Niwano®#, Ayumi Hirano-lwata??

(*School of Mechatronical Engineering, Beijing Institute of Technology, Beijing,
China, 2WPI-Advanced Institute for Materials Research, Tohoku University,
Sendai, Japan, ®Research Institute of Electrical Communication, Tohoku University,
Sendai, Japan, *Graduate School of Dentistry, Tohoku University, Sendai, Japan)

Preparation of scaffold with induced electromotive force composed of molecular
nanocoils and evaluation of cell proliferation

Yoko Tatewaki?, Tsuyoshi Minami?, Sadafumi Nishihara®, Tomoyuki Akutagawa®,
Takayoshi Nakamura®

(*Tokyo University of Agriculture and Technology, Koganei, Japan, 2The
University of Tokyo, Tokyo, Japan, *Hiroshima University, Hiroshima, Japan,
“Tohoku University, Sendai, Japan, *Hokkaido University, Sapporo, Japan)

Break
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(Chair: Kaoru Hiramoto)

19:05 ~ 19:35 Novel strategies in single molecule and single cell screening

10:05 ~ 10:35 Ren Ren, Shenglin Cai, Binoy Paulose Nadappuram, Xiaoyi Wang, Yaxian Liu,
Zoe Kwan, Caroline Koch, Benedict Reilly-O’Donnell, Joshua Edel, Aleksandar P. lvanov
(Molecular Science Research Hub, Department of Chemistry, Imperial College
London, London, United Kingdom)

19:35 ~ 20:05 Droplet nanopore microchip for single-molecule sensing

10:35 ~11:05 Yi-lun Ying
(State Key Laboratory of Analytical Chemistry for Life Science, School of
Chemistry and Chemical Engineering, Nanjing University, Nanjing, China)

March 6 (Wednesday)

Red: Local time in Japan (JST)

Blue: GMT

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

(Chair: Daisuke Tadaki)

17:00 ~ 17:45
8:00 ~ 8:45

17:45~18:10
8:45~9:10

18:10 ~ 18:35
9:10 ~ 9:35

Biosensing concepts using nanoimpact electrochemistry
Sebastian Freko, Lennart WeiR, Marta Nikic, Bernhard Wolfrum
(Neuroelectronics - ZEITlab, Munich Institute of Biomedical Engineering,

Department of Electrical Engineering, School of Computation, Information and
Technology, Technical University of Munich, Munich, Germany)

Microdomain formation in lipid bilayers induced by polyunsaturated lipids and
its function for membrane fusion

Ryugo Tero
(Toyohashi University of Technology, Toyohashi, Japan)

Lipid bilayers as nm-thick platforms for signal transduction
Ayumi Hirano-lwata'?3, Madoka Sato'?, Teng Ma?*, Maki Komiya?,

Daisuke Tadaki!, Hideaki Yamamoto!

(*Research Institute of Electrical Communication, Tohoku University, Sendai,
Japan, 2WPI-Advanced Institute for Materials Research, Tohoku University,
Sendai, Japan, 3Graduate School of Biomedical Engineering, Tohoku University,
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18:35 ~18:55
9:35~9:55

Sendai, Japan, “School of Mechatronical Engineering, Beijing Institute of
Technology, Beijing, China,)

Break

(Chair: Ryugo Tero)

18:55 ~ 19:25
9:55~10:25

19:25 ~ 19:50

10:25 ~ 10:50

19:50 ~ 20:10
10:50 ~ 11:10

Anodic TiO; nanostructures: nanotopography matters in cell interactions

Anca Mazare?, Patrik Schmuki®?

(!Department of Materials Science WW-4, LKO, Friedrich-Alexander University
of Erlangen-Nuremberg, Erlangen, Germany, Regional Centre of Advanced
Technologies and Materials, Olomouc, Czech Republic)

Nanothick thin film transistors for gas and UV sensing
Fumihiko Hirose

(‘YYamagata University, Yonezawa, Japan)

Coulomb-blockade-based nonlinear signal conversion in gold-nanoparticle random
arrays

Yoshinao Mizugaki, Kenta Fujikura, Hiroshi Shimada

(The University of Electro-Communications (UEC Tokyo), Chofu, Tokyo, Japan)
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Al F/RBETNAR - DRTL (EBERH - BEBX - IUARZER)

Nano-Integration Devices and Systems
(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
R R D 7 1 [ 2 A TN TR A T > T 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
Tz, Bfoma—n Rz LTEKHRET A XL ZOFET LAY XL DN T
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. BEEIVEIEARIEZIXDvILERO-OOBREBEERFEMATS AT CVD TOt
AICET 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 D201, B A— 2 TRE
ORIRIe~T v R A HEEE IV RFEREFEONT v X & 2 v VRRIZD
WTHIFE L TV 5D,

In order to realize nanometer-order thick high-quality heterostructure, heteroepitaxial growth of
highly strained group-I1V 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 B RIRT A A Si EE R~ DR RE S 572012, IV B8RS
EEEF~TeEomERM T oA LB ~T a7, ZA8YE - @R kic o
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. WMMMIREZEAVEEHRERROMEREICET MR
Bioengineering technologies for manipulating neuronal network functions
JRARR A1 3% oD FEAE £ 7 /LR ORI AT T, BR 2R R IR O & BERE 2 il 4~ 5 7=
D O N THIFIZ DOV THFZE 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—ODOHEETILICEAT HHE

Computational modeling of neuronal networks

ZHifRR Yy N U — 27 EORBFERLEROBE L TR0 4 B L. thsilaE g o 8 F8IEE),
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2.

3.

4,

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.
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Stacked SiC MOS Interfaces”, Symposium: CHO1: Advanced Characterization Methods of Energy
Material Applications, 2023 MRS Fall Meeting & Exhibit, Boston, USA, November 26-December
1,2023.
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WBRAARZ2—FILFY bT—=0 VHFNN—DHE

Extended chaotic neural network reservoir

NAA=Z 2= BT MIHEENLINERELHNEZBEFHIZT 4 — KNy 7 F5IH
(RISHEIR) OBY 5 HHEIPHZILR LIz JRBEI A A= a—a VBT VAR LT,
ZHIZEY, =a—umrAHIZTHNRIAFTITARAZEATLHZENTE T, Z
DYIEI F A= 2 —0 VT )V WA A=2—F /Ry kU —2 U H/3—(CNNR)
FOYHFAN—JgD=a—nm & L THWIEE CNNR(eCNNR)ZH#EE LT-, & 51T,
eCNNR %2 RiltT 5720, ma—x5— a5 o0 +55%t2E8H Lz, 20
eCNNR % B 7 > # LEERFIO BN — 7 PRI U7-fE 58, PRIMERE S RE kL
A3 ELLER ET D ZEEZHOMNC L, £0. MERER EOFEK A RERE RO
IRE R AU 33 2 PR IR R ISR 95 2 S A AL LT=, I, JER A A =
a—arEHABIIHWEHF LW PR~ —F LRy NU—T BRELT,
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IZBEETE MBI 2R TH 5,

We proposed an extended chaotic neuron model that extends the range of refractriness terms in the
chaotic neuron model that feed back internal states and outputs to itself. This allows us to introduce
local predictive dynamics into the neuron itself. We also proposed an extended chaotic neural
network reservoir (¢CNNR) in which the extended chaotic neurons are used as reservoir neurons.
In order to design the eCNNR, we derived sufficient conditions for the echo state property.
Furthermore, we applied the eCNNR to closed-loop prediction of periodic random time series and
found that the prediction performance is improved by a factor of three or more compared to the
conventional method. We also found that the performance improvement is due to the exponential
decay property of the memoery capacity with respect to the time delay. Next, we proposed a new
reservoir neural network using the extended chaotic neurons in the output layer. We used it for
one-step prediction of chaotic time series and found that a small reservoir layer network has good
prediction performance. This is a breakthrough achievement that can significantly improve
hardware cost.

BZEMRINIVDTIFRANEE - BERY FO—Y (BT MR

Spatiotemporal Sequence Context Learning and Memory Network

BEZERAa T % A M3 - Bl R Yy U= BT L& A X2 RERE A S F 0
T =ma—F) Ry NI =3B E AT LE L TEET L0, HEisRH - HEs
By « 2ol LTl Lz, & 52, 7 e J/7 X VRMRIEIKIC L D
7'a A T EEBE I KD S L RN @ﬁ%i%%wbtoit\ﬁﬁ
PR FEEETIIA T I ARBEME AT B L TR M5 Z EREETH D
728, BUARE/ R % > N U —27 OHE SIS EERE ?Mﬁiéﬁ%&Lﬂl/\iy
JHEBEE A N T AL ZOMER 2 Kot~ v TIEERE LT, ZAbIZhb | £
[FIEEEXFHREDRIEE N T A — X OFFHRED AIRE & IR o T,

We described the spatio-temporal context learning and memory network model as continuous-
time, continuous-valued differential and difference equations to implement it as an event-
driven spiking neural network learning circuit system. urthermore, a prototype of the proposed
circuit was implemented using a mixed analog/digital circuit with individual components, and
the effectiveness of the proposed circuit was confirmed. Because it is difficult to evaluate the
learning performance by extracting each synaptic weight value in the integrated circuit
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implementation, we proposed the Hamming distance histogram and its hierarchical 2-D map
method to evaluate the learning performance from the observable network outputs. These
methods enable us to pre-determine circuit parameters when designing integrated circuits.

EEARED Y
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222, pp. 478-487, August 31, 2023. DOI: 10.1016/j.procs.2023.08.186
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Spintronics
(S. Fukami and S. Kanai)

AEY FOZH RIZEAT TR

Spintronics

BEERFORE L EEMOBBELFESTZAT XL —DOREMEERAE L fr=7 R
FTOEBZDI LT, EEBERSCHEEME ICB T2 A VS, KUENLD ZF
U8 A RS REM B, BT A E Y br =7 AFFO/IRUCEE T 258 21T > T
5o £lo. EHEEBEHEEENO AT TAAL AL TN X > THREL 22 58 L\ an B
FEFIE S L OB ERE S 2T A% A UYMEEZHWTEBTHZ L2 BEE LT,
= DI AR 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.

) RE> bOZY RIZET R

Spintronics
ARy B TR ERRAWE A Y b =7 AREROREE O ERL, R v RKEEY
MO FEAM & BRAE,

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

2) ERHMKRE ZTORERFICAICEHT 48R
Magnetic metal functional devices and their application
Wi A ey b =7 ZF RIS L OB FINLEA OB SRS, /ER L7230l 2 & o
hr =2 ZAFRFORMEEH, £ L TAE Y bu=27 2FZF 2R L2 OEFRE
KERIEEZtED 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) FMBRHEMBMEVZEDS / ATOBEOYELICAICEYT R
Properties and application of new-class magnetic materials and their nanoheterostructures
SREEMEIR & REROHERR IR 72 & AL B DT LWE T 3 2 ORI 4
iTo T3,
Exploration of novel electron devices based on new magnetic structures is being carried out.

4) BHD b URVHESIERRFORRE
Magnetic tunnel junctions with high output voltage
W b RNAEAEMTHFEFOEMERE(EEZIT> T D,
Development of high-performance magnetic tunnel junctions (MTJs) consisting of
ferromagnetic metal electrodes is being carried out.

5) EBRAEL FOZH R T/INA AN
Metal-based spintronics devices
WM R ALY b= AT 3, ZADIERLL Z ORI, A AEY R
v 7 HARBIEHAEEZTT > TV D,

Fabrication of metal-based spintronic devices with small dimension and characterization of
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their properties and making basic spintronics-based circuits experimentally are carried out.

6) REY MILY L REERFDRSH

Spin torque memory and logic devices

REEIALBENCENT T2 A V7 AL ERIZEE 3 D92 24T > T\ B,

Characterizing spin torque switching toward reduction of writing power is being carried out.
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computing," (invited) 5th Polish — Japanese Workshop on Spintronics, Patac Staszica, Nowy Swiat
72, Warsaw, Poland, 2023/11/13-2023/11/14.

J.-Y. Yoon, P. Zhang, C.-T. Chou, Y. Takeuchi, T. Uchimura, J. T. Hou, J. Han, S. Kanai, H. Ohno,
S. Fukami, and L. Liu, "Electrical control of noncollinear antiferromagnetic Mn3Sn thin film,"
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(invited) 5th Polish — Japanese Workshop on Spintronics, Patac Staszica, Nowy Swiat 72, Warsaw,
Poland, 2023/11/13-2023/11/14.

S. Kanai, "Solid-state spin qubit in oxides," (invited) International Workshop of Spin/Quantum
Materials and Devices, Sendai, Japan, 2023/11/16-2023/11/17.

S. Kanai, "Probabilistic and quantum spin dynamics for unconventional electronics," (invited) The
7th Symposium for the Core Research Clusters for Materials Science and Spintronics and the 6th
Symposium on International Joint Graduate Program in Materials Science and Spintronics,
Tohoku Univ., Sendai, Japan, 2023/11/28.

N. Singh, K. Kobayashi, Q. Cao, K. Selcuk, T. Hu, S. Niazi, N. A. Aadit, S. Kanai, H. Ohno, S.
Fukami, and K. Y. Camsari, "Heterogeneous probabilistic computers for Boltzmann inference and
learning," (invited) 20th RIEC International Workshop on Spintronics, Tohoku Univ., Sendai,
Japan, 2023/11/30.

S. Kanai, "Investigation of probabilistic and quantum spin dynamics for unconventional
electronics," (invited) 20th RIEC International Workshop on Spintronics, Tohoku Univ., Sendai,
Japan, 2023/12/01.

S. Kanai, "Probabilistic spin dynamics in nanomagnetic tunnel junctions for unconventional
computing," (invited) GP-Spin/AIMR Mini Workshop on (Quantum) Magnonics, Tohoku Univ.,
Sendai, Japan, 2024/02/05.

J. Han, "Coherent antiferromagnetic spintronics: new opportunities for controlling the magnetic
states of antiferromagnets," (invited) GP-Spin/AIMR Mini Workshop on (Quantum) Magnonics,
Tohoku Univ., Sendai, Japan, 2024/02/05.

S. Fukami, "Electrical control of noncollinear antiferromagnetic Mn3Sn," (plenary) International
Symposium on Quantum Electronics, Ito International Research Center, The University of Tokyo,
Japan, 2024/02/13-2024/02/16.

S. Fukami, "Probabilistic spintronics - computing and device physics," (invited) [wate Spintronics
School, 2024 Winter, Iwate University and Amihari-onsen Kyukamura, Iwate, Japan, 2024/02/20-
2024/02/22.

S. Fukami, "Probabilistic computing with stochastic spintronics device," (plenary) ASPIRE 2024
HIROSHIMA, Hiroshima University, Hiroshima, Japan, 2024/03/05.

R. R. Chowdhury, C. Patra, S. Duttagupta, S. Fukami, R. P. Singh, "Unconventional Emergent
Hall Effect Phenomena and its Modification in a van der Waals Ferromagnet Fe3GeTe2," (poster)
IEEE International Magnetics Conference (Intermag 2023), Sendai, Japan, 2023/05/15-
2023/05/19.

S. Kanai, F. J. Heremans, H. Seo, G. Wolfowicz, C. P. Anderson, S. E. Sullivan, M. Onizhuk, G.
Galli, D. D. Awschalom, and H. Ohno, "Exploring qubit materials with generalized scaling of
electron spin coherence," (poster) International Workshop on the Quantum Spinoptics, WASEM
Monastery, Ingelheim, Germany, 2023/06/13-2023/06/15.

Yuichiro Abe, Shun Kanai, Manato Kawahara, Jun Ishihara, Yusuke Aoki, Makoto Kohda,
Shunsuke Fukami, "Polarization dependence of optical properties of Ce doped SiO2," (poster)

International Workshop on the Quantum Spinoptics, WASEM Monastery, Ingelheim, Germany,
2023/06/13-2023/06/15.

Manato Kawahara, Yuichiro Abe, Shun Kanai, Jun Ishihara, Yusuke Aoki, Makoto Kohda, and
Shunsuke Fukami, "Optical properties of Ce implanted MgO," (poster) International Workshop on
the Quantum Spinoptics, WASEM Monastery, Ingelheim, Germany, 2023/06/13-2023/06/15.

K.V. De Zoysa, S. DuttaGupta, B. Jinnai, H. Ohno, S. Fukami, "Memristive Spin-Orbit Torque
Switching in Nanocomposite CoPtCrB," (poster) Gordon Research Seminar “Spin Dynamics in
Nanostructures”, Les Diablerets, VD, Switzerland, 2023/07/08-2023/07/09.

S. Chiba, Y. Takeuchi, K. Vihanga De Zoysa, Y. Marui, H. Ohno, and S. Fukami, "Spin-orbit torque
in W/CoFeB/MgO deposited on different oxide materials," (poster) Gordon Research Seminar
“Spin Dynamics in Nanostructures”, Les Diablerets, VD, Switzerland, 2023/07/08-2023/07/09.
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T. Uchimura, J.-Y. Yoon, Y. Sato, Y. Takeuchi, S. Kanai, H. Ohno, and S. Fukami, "Domain
imaging in non-collinear antiferromagnetic Mn3Sn thin film by magneto-optical Kerr effect,”
(poster) Gordon Research Seminar “Spin Dynamics in Nanostructures”, Les Diablerets, VD,
Switzerland, 2023/07/08-2023/07/09.

K.V. De Zoysa, S. DuttaGupta, B. Jinnai, H. Ohno, S. Fukami, "Memristive Spin-Orbit Torque
Switching in Nanocomposite CoPtCrB," (poster) Gordon Research Conference “Spin Dynamics
in Nanostructures”, Les Diablerets, VD, Switzerland, 2023/07/09-2023/07/14.

S. Chiba, Y. Takeuchi, K. Vihanga De Zoysa, Y. Marui, H. Ohno, and S. Fukami, "Spin-orbit torque
in W/CoFeB/MgO deposited on different oxide materials," (poster) Gordon Research Conference
“Spin Dynamics in Nanostructures”, Les Diablerets, VD, Switzerland, 2023/07/09-2023/07/14.

T. Uchimura, J.-Y. Yoon, Y. Sato, Y. Takeuchi, S. Kanai, H. Ohno, and S. Fukami, "Domain
imaging in non-collinear antiferromagnetic Mn3Sn thin film by magneto-optical Kerr effect,”
(poster) Gordon Research Conference “Spin Dynamics in Nanostructures”, Les Diablerets, VD,
Switzerland, 2023/07/09-2023/07/14.

H. Kaneko, R. Ota, K. Kobayashi, S. Kanai, H. Ohno, and S. Fukami, "Relaxation Time of
Superparamagnetic Tunnel Junction at Various Temperatures," (poster) 13th Joint European
Magnetic Symposia (JEMS2023), Universidad Complutense de Madrid, Madrid, Spain,
2023/08/27-2023/09/01.

K. Gas, S. Wakabayashi, T. Uchimura, J.-Y. Yoon, Y. Takeuchi, S. Kanai, S. Fukami, H. Ohno, M.
Sawicki, "Experimental Methods of Quantifying Magnetism of Thin Antiferromagnetic Layers
Deposited on MgO Substrates," (poster) 13th Joint European Magnetic Symposia (JEMS2023),
Universidad Complutense de Madrid, Madrid, Spain, 2023/08/27-2023/09/01.

K. Gas, K.P. Kluczyk, P. Skupinski, M.J. Grzybowski, T. Fas, J. Suffczynski, M. Baj, J.Z.
Domagala, W. Wotkanowicz, E. Lusakowska, K. Grasza, A. Mycielski, M.A. Borysiewicz, K.
Vyborny, U. Ziilicke, R. Winkler, M. Sawicki, M. Gryglas-Borysiewicz, "Experimental Methods
of Quantifying Magnetism of Thin Antiferromagnetic Layers Deposited on MgO Substrates,"
(oral) 13th Joint European Magnetic Symposia (JEMS2023), Universidad Complutense de Madrid,
Madrid, Spain, 2023/08/27-2023/09/01.

M. Kawahara, Y. Abe, K. Takano, J. Ishihara, M. Kohda, S. Kanai, and S. Fukami, "Circularly
polarized photoluminescence spectroscopy of solid-states spin defects in oxides," (poster) 1st
Workshop on the Chicago-Tohoku Quantum Alliance, Tohoku Univ., Sendai, Japan, 2023/10/05-
2023/10/06.

S. Chiba, Y. Takeuchi, K. Vihanga De Zoysa, Y. Marui, H. Ohno, and S. Fukami, "Spin-orbit torque
in W/CoFeB/MgO deposited on different oxide materials," (poster) 1st Workshop on the Chicago-
Tohoku Quantum Alliance, Tohoku Univ., Sendai, Japan, 2023/10/05-2023/10/06.

S. Kanai, M. Elyasi, G. E. W. Bauer, H. Ohno, and S. Fukami, "Validation of the Néel-Arrhenius
law in nanomagnetic tunnel junctions," (oral) 68th Annual Conference on Magnetism and
Magnetic Materials, Hyatt Regency Dallas, Dallas, TX, USA, 2023/10/30-2023/11/03.

H. Kaneko, R. Ota, K. Kobayashi, S. Kanai, M. Elyasi, G. E. W. Bauer, H. Ohno, and S. Fukami,
"Switching Attempt Times of Superparamagnetic Tunnel Junctions as a Function of Diameter and
Temperature," (oral) 68th Annual Conference on Magnetism and Magnetic Materials (MMM2023),
Hyatt Regency Dallas, Dallas, TX, USA, 2023/10/30-2023/11/03.

S. Chiba, Y. Marui, H. Ohno, and S. Fukami, "Orbital torque in Cr/CoFeB/MgO stack compatible
with SOT-MRAM application,”" (oral) 68th Annual Conference on Magnetism and Magnetic
Materials (MMM2023), Hyatt Regency Dallas, Dallas, TX, USA, 2023/10/30-2023/11/03.

R. Ota, K. Kobayashi, K. Hayakawa, S. Kanai, K.Y. Camsari, H. Ohno, and S. Fukami, "Bias
voltage robustness in double-free-layer stochastic magnetic tunnel junction," (oral) 68th Annual
Conference on Magnetism and Magnetic Materials (MMM?2023), Hyatt Regency Dallas, Dallas,
TX, USA, 2023/10/30-2023/11/03.

S. Wakabayashi, J.-Y. Yoon, K. Gas, Y. Takeuchi, Y. Yamane, T. Uchimura, Y. Sato, K. Kishi, S.
Kanai, M. Sawicki, H. Ohno, and S. Fukami, "Comprehensive study of crystalline structure,
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54.

55.

56.

57.

58.

59.

magnetic and magnetotransport properties of Mn3Sn thin films with various thicknesses," (oral)
68th Annual Conference on Magnetism and Magnetic Materials (MMM2023), Hyatt Regency
Dallas, Dallas, TX, USA, 2023/10/30-2023/11/03.

T. Uchimura, Y. Yamane, T. Dohil, J. Han, J.-Y. Yoon, Y. Sato, S. Wakabayashi, Y. Takeuchi, S.
Kanai, J. Ieda, H. Ohno, and S. Fukami, "Interfacial Dzyaloshinskii-Moriya interaction in a non-
collinear antiferromagnet/heavy metal heterostructure," (oral) 68th Annual Conference on
Magnetism and Magnetic Materials (MMM2023), Hyatt Regency Dallas, Dallas, TX, USA,
2023/10/30-2023/11/03.

T. Shinoda, Y. Takeuchi, B. Jinnai, J. Igarashi, Y. Sato, S. Fukami, and H. Ohno, "Thermal Stability
Factor of L10-MnAl nanodot for STT-MRAM Applications," (oral) 68th Annual Conference on
Magnetism and Magnetic Materials (MMM2023), Hyatt Regency Dallas, Dallas, TX, USA,
2023/10/30-2023/11/03.

Y. Kurihara, Y. Marui, S. Chiba, Y. Takeuchi, S. Kanai, H. Ohno, and S. Fukami, "Spin-orbit torque
generated by W-Ta alloys with various compositions,” (poster) The 7th Symposium for the Core
Research Clusters for Materials Science and Spintronics and the 6th Symposium on International

Joint Graduate Program in Materials Science and Spintronics, Tohoku Univ., Sendai, Japan,
2023/11/28-2023/12/01.

H. Kubota, Y. Sato, Y. Takeuchi, Y. Yamane, J.-Y. Yoon, T. Uchimura, S. Wakabayashi, S. Kanai,
J. Ieda, H. Ohno, and S. Fukami, "Dot size dependence of thermal stability factor in polycrystalline
Mn3Sn," (poster) The 7th Symposium for the Core Research Clusters for Materials Science and
Spintronics and the 6th Symposium on International Joint Graduate Program in Materials Science
and Spintronics, Tohoku Univ., Sendai, Japan, 2023/11/28-2023/12/01.

K. Takano, Y. Abe, M. Kawahara, J. Ishihara, M. Kohda, S. Kanai, and S. Fukami, "Spin-dependent
optical properties of Eu implanted SiO2," (poster) The 7th Symposium for the Core Research
Clusters for Materials Science and Spintronics and the 6th Symposium on International Joint

Graduate Program in Materials Science and Spintronics, Tohoku Univ., Sendai, Japan, 2023/11/28-
2023/12/01.

M. Kawabhara, S. Kanai, Y. Abe, K. Takano, J. Ishihara, M. Kohda, and S. Fukami, "Polarization
and magnetic-field dependent photoluminescence of (MgO)x(AI203)1-x:Ce," (poster) The 7th
Symposium for the Core Research Clusters for Materials Science and Spintronics and the 6th
Symposium on International Joint Graduate Program in Materials Science and Spintronics,

Tohoku Univ., Sendai, Japan, 2023/11/28-2023/12/01.

H. Kaneko, R. Ota, K. Kobayashi, S. Kanai, M. Elyasi, G.E. W. Bauer, H. Ohno, and S. Fukami,
"Temperature and diameter dependence of the stochastic switching of superparamagnetic tunnel
junctions,” (poster) The 7th Symposium for the Core Research Clusters for Materials Science and
Spintronics and the 6th Symposium on International Joint Graduate Program in Materials Science

and Spintronics, Tohoku Univ., Sendai, Japan, 2023/11/28-2023/12/01.

K. Gas, S. Wakabayashi, T. Uchimura, J.-Y. Yoon, Y. Takeuchi, S. Kanai, M. Sawicki, H. Ohno,
and S. Fukami, "Studies of magnetic properties of epitaxial thin films of noncollinear Weyl
antiferromagnet Mn3Sn," (poster) The 7th Symposium for the Core Research Clusters for
Materials Science and Spintronics and the 6th Symposium on International Joint Graduate
Program in Materials Science and Spintronics, Tohoku Univ., Sendai, Japan, 2023/11/28-
2023/12/01.

S. Chiba, Y. Marui, H. Ohno, and S. Fukami, "Orbital torque in Cr/CoFeB/MgO stack compatible
with SOT-MRAM application," (poster) The 7th Symposium for the Core Research Clusters for
Materials Science and Spintronics and the 6th Symposium on International Joint Graduate

Program in Materials Science and Spintronics, Tohoku Univ., Sendai, Japan, 2023/11/28-
2023/12/01.

Y. Abe, M. Kawahara, J. Ishihara, M. Kohda, S. Fukami, and S. Kanai, "Polarization-Dependent
Optical Properties of Ce-Implanted Quartz," (oral) 2023 MRS Fall Meeting, Boston,
U.S.A./Online, 2023/12/07.
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70.

S. Kanai, Y. Abe, M. Kawahara, J. Ishihara, M. Kohda, and S. Fukami, "Optical Control of Spin
in Amorphous Si02:Ce3+," (oral) 2023 MRS Fall Meeting, Boston, U.S.A./Online, 2023/12/07.

N. S. Singh, S. Niazi, S. Chowdhury, K. Selcuk, H. Kaneko, K. Kobayashi, S. Kanai, H. Ohno, S.
Fukami, K. Camsari, "Hardware Demonstration of Feedforward Stochastic Neural Networks with
Fast MTJ-based pbits," (oral) 69th Annual IEEE International Electron Devices Meeting (IEDM
2023), San Francisco, CA, USA, 2023/12/09-2023/12/13.

Y. Marui, M. Kawaguchi, M. Hayashi, "The accuracy of the harmonic Hall measurements on spin
orbit torques in W/CoFeB," (poster) International Symposium on Quantum Electronics, Ito
International Research Center, The University of Tokyo, Japan, 2024/02/13-2024/02/16.

A. Sud, T. Dohi, M. Cubukcu, K. V. De Zoysa, Y. Yamane, S. Kanai and S. Fukam, "Spin-pumping
driven by non-linear harmonic generation,”" (poster) International Symposium on Quantum
Electronics, Ito International Research Center, The University of Tokyo, Japan, 2024/02/13-
2024/02/16.

S. Chiba, Y. Marui, H. Ohno, and S. Fukami, "Spin-orbit and orbital torque in (W or
Cr)/CoFeB/MgO stacks for SOT-MRAM application,”" (poster) International Symposium on

Quantum Electronics, Ito International Research Center, The University of Tokyo, Japan,
2024/02/13-2024/02/16.

K. Gas, S. Wakabayashi, T. Uchimura, J.-Y. Yoon, Y. Takeuchi, S. Kanai, M. Sawicki, H. Ohno,
and S. Fukami, "Magnetic studies of epitaxial thin films of noncollinear Weyl antiferromagnet
Mn3Sn," (poster) International Symposium on Quantum Electronics, Ito International Research
Center, The University of Tokyo, Japan, 2024/02/13-2024/02/16.

A. Kumar, T. Dohi, M. Zahedinejad, R. Khymyn, S. Kanai, S. Fukami and J. Akerman, "Magnetic
tunnel junction-based readout for spin Hall nano-oscillators," (oral) International Symposium on
Quantum Electronics, Ito International Research Center, The University of Tokyo, Japan,
2024/02/13-2024/02/16.

A. Kumar, T. Dohi, M. Zahedinejad, R. Khymyn, S. Kanai, S. Fukami, and J. Akerman, "Magnetic
tunnel junction-based readout for spin Hall nano-oscillators," (oral) Iwate Spintronics School,
2024 Winter, Iwate University and Amihari-onsen Kyukamura, Iwate, Japan, 2024/02/20-
2024/02/22.

T. Uchimura, J. Han, P. Tang, J.-Y. Yoon, Y. Takeuchi, Y. Yamane, S. Kanai, G. E. W. Bauer, H.
Ohno, and S. Fukami, "Unconventional spin Hall magnetoresistance in a non-collinear
antiferromagnet/heavy metal stack," (poster) Iwate Spintronics School, 2024 Winter, Iwate
University and Amihari-onsen Kyukamura, Iwate, Japan, 2024/02/20-2024/02/22.

Y. Sato, Y. Takeuchi, Y. Yamane, J.-Y. Yoon, S. Kanai, J. Ieda, H. Ohno, and S. Fukami, "Size
dependence of thermal stability factor in non-collinear antiferromagnet Mn3Sn annodot," (poster)
Iwate Spintronics School, 2024 Winter, Iwate University and Amihari-onsen Kyukamura, Iwate,
Japan, 2024/02/20-2024/02/22.

M. Kawabhara, Y. Abe, K. Takano, F. J. Heremans, J. Ishihara, E. Sullvan, C. Vorwerk, V. Somyjit,
C. P. Anderson, G. Wolfowicz, M. Kohda, S. Fukami, G. Galli, D. D. Awschalom, H. Ohno, and
S. Kanai, "Spin-dependent optical properties of Ce-implanted MgAI204," (oral) APS March
Meeting, Minneapolis, Minnesota, USA, 2024/03/03-2024/03/08.
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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
WELERBOBHIER THHI VI - 77~V (7 I V) OB 2 B,
FRT 272010, RERTEWET 28 LWEFT A AB L OEIE S AT ORI & |
D DIEHIE(E « FHY AT A~OISHIZBET 5 HERRE 21T > TV D, H—IZ,
AT n RGBT 2 "R T XE IR & S T LD EMEREIC S L
TR D a e — L BT T~ BRI AR BB T S A X ORFFERFE & 6 T
WD, BT NA R JFT A AR OBWERR Z FRFIC TR T 57 L —2 A—L
LTHEALTWDS, 02, Y7 EEFEBIZRE LTARRK T Y 7 XEF - O B2t
BFINCHET 2 Z LIZ K> T EIROIE BABRERE 2 RIZT -2 T T~ LY A X
~ 7 VT B AT AORIHICEDAA TN D, BT, Bk 79 7= (|
7775748 #HOCEHERET 7~y L—HF—72 5 ONTHBREE N7 > A XD
PR ZHEEL T D, SHIC, IO MRREHOBT m— R RF A - [ %
JEH LT, Bl ERGEE L B R D T2 O OF T 72 AN OB 2 D T\ 5,

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.

ESEAREDY!

1. Nikolay Zenchenko, Denis Lavrukhin, Rinat Galiev, Alexander Yachmenev, Rustam Khabibullin,
Yurii Goncharov, Irina Dolganova, Vladimir Kurlov, Taiichi Otsuji, Kirill Zaytsev, Dmitry
Ponomarev, "Enhanced terahertz emission in a large-area photoconductive antenna through an
array of tightly-packed sapphire fibers," Appl. Phys. Lett., vol. 124, pp. 121107-1-5, March 2024.
DOI: 10.1063/5.0194236

2. Victor Ryzhii, Chao Tang, Taiichi Otsuji, Maxim Ryzhii, and Michael S. Shur, "Terahertz
plasmonic resonances in coplanar graphene nanoribbon structures," J. Appl. Phys., vol. 135, pp.
114503-1-8, March 2024. DOI:10.1063/5.0202637

El Hadj Abidi, Atif Alam Khan, Juan antonio Delgado-Notario, Vito Cleric6, Jaime Calvo-
Gallego, Takashi Taniguchi, Kenji Watanabe, Taiichi Otsuji, Jesus Enrique Veldzquez Perez,
Yahya Moubarak Meziani, "Terahertz detection by asymmetric dual grating gate bilayer graphene
FETs with integrated bowtie antenna," Nanomaterials, vol. 14, no. 4, pp. 383-1-12, Feb. 2024.
DOI: 10.3390/nano14040383

W

>

Akira Satou, Takumi Negoro, Kenichi Narita, Tomotaka Hosotani, Koichi Tamura, Chao Tang,
Tsung-Tse Lin, Paul-Etienne Retaux, Yuma Takida, Hiroaki Minamide, Tetsuya Suemitsu, and
Taiichi Otsuji, "Gate-readout and a 3D rectification effect for giant responsivity enhancement of
asymmetric dual-grating-gate plasmonic terahertz detectors," Nanophotonics, vol. 12, no. 23, pp.
4283-4295, Nov. 2023. DOI: 10.1515/nanoph-2023-0256

5.  Ke Liu, Hirohito Yamada, Katsumi Iwatsuki, and Taiichi Otsuji, "Experimental verification and
simulation analysis of a battery directly connected DC-microgrid system," International Journal
of Electrical and Electronic Engineering & Telecommunications, vol. 12, No. 5, pp. 326-333, Sept.
2023. DOI: 10.18178/ijeetc.12.5.326-333
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6. M. Ryzhii, V. Ryzhii, M.S. Shur, V. Mitin, C. Tang, and T. Otsuji, "Terahertz bolometric detectors
based on graphene field-effect transistors with the composite h-BN/black-P/h-BN gate layers
using plasmonic resonances,” J. Appl. Phys., vol. 134, pp. 084501-1-9, Aug. 2023. DOI:
10.1063/5.0160899

7. V. Ryzhii, C. Tang, T. Otsuji, M. Ryzhii, S.G. Kalenkov, V. Mitin, and M.S.
Shur, "Micromechanical field-effect transistor terahertz detectors with optical interferometric
readout," AIP Advances, vol. 13, pp. 085301-1-7, Aug. 2023. DOI: 10.1063/5.0159610

8. "V. Ryzhii, C. Tang, T. Otsuji, M. Ryzhii, V. Mitin, and M.S. Shur, ""Resonant plasmonic
detectionof terahertz radiation in field-effect transistors with the graphene channel and the
black-AsxP1—x gate layer,"" Sci. Rep., vol. 13, pp. 9665-1-10, June 2023. DOI: 10.1038/s41598-
023-36802-0"

9. V. Ryzhii, C. Tang, T. Otsuji, M. Ryzhii, V. Mitin, and M. S. Shur, "Effect of electron thermal
conductivity on resonant plasmonic detection in terahertz hot-electron bolometers based on
metal/black-AsP/graphene FETs," Phys. Rev. Appl., vol. 19, pp. 064033-1-10, June 2023. DOI:
10.1103/PhysRevApplied.19.064033

10. Omnia Samy, Mohamed Belmoubarik, Taiichi Otsuji, and Amine El Moutaouakil, " A Voltage-
Tuned Terahertz Absorber based on MoS2/Graphene Nanoribbon Structure,”" Nanomaterials, vol.
13, pp. 1716-1-14, May 2023. DOI: 10.3390/nano13111716

11. V. Ryzhii, C. Tang, T. Otsuji, M. Ryzhii, V. Mitin, and M.S. Shur, "Hot-electron resonant terahertz
bolometric detection in the graphene/black-AsP field-effect transistors with a floating gate," J.
Appl. Phys., vol. 133, pp. 174501-1-8, May 2023. DOI: 10.1063/5.0150711

(EfRsERR]

1. T Otsuji, "R&D for converged network based on resilient energy and information communication
technology (R-EICT)," Tohoku University-ITRI-YRP R&D Workshop, ICL/ITRI Bldg. 51,
Room 3A, Chuntung, Hsinchu, Taiwan, March 19, 2024. (invited)

2. H. Kudo, H. Seki, S. Uchigasaki, K. Tamura, C. Tang, A. Satou, H. FUkidome, Y. Takida, H.
MiInamide, and T. Otsuji, "THz Detection based on a Novel 3D Rectification Effect in a Single
Gate Graphene Transistor," TeraTech 2024: the 11th International Workshop on Terahertz
Technology and Applications, Fraunhofer Center, Kaiserslautern, Germany, March 12-13, 2024.

S. Uchigasaki, K. Tamura, C. Tang, A. Satou, H. FUkidome, Y. Takida, H. Minamide, and T.
Otsuji, "Photon-electron Double Mixing at 1 THz Range Implemented With a Graphene Field
Effect Transistor,” TeraTech 2024: the 11th International Workshop on Terahertz Technology
annd Applications, Fraunhofer Center, Kaiserslautern, Germany, March 12-13, 2024.

w

4. T. Otsuji, "Terahertz plasmonic sources and detectors using graphene-based van der Waals 2D
heterostructures," Mat4QE: UK-JP Workshop on Materials for Quantum Electronics, Univ. of
Manchester, Manchester, UK, Feb. 28-March 1, 2024. (invited)

5. T. Otsuji, "Graphene-based van der Waals 2D heterostructures for plasmonic terahertz device
applications," NMDC: IEEE Nanotechnology Materials and Devices Conference 2023, Paestum,
Italy, Oct. 22-25, 2023. (invited)

6. K. Narita, T. Negoro, Y. Takida, H. Minamide, T. Suemitsu, T. Otsuji, and A. Satou, "Introduction
of Inverted-HEMT Structure in a Grating-Gate Plasmonic THz Detector for Drastic Improvement
of the Pulse Response," IRMMW-THz: the 48th International Conference on Infrared, Millimeter
and Terahertz Waves 2023, Montreal, Canada, Sept. 17-22, 2023.

7. Koichi Tamura, Shinnosuke Uchigasaki, Hironobu Seki, Chao Tang, Daichi Ogiura, Kento Suwa,
Hirokazu Fukidome, Yuma Takida, Hiroaki Minamide, Tetsuya Suemitsu, Taiichi Otsuji and
Akira Satou, "Fast THz Detection by an Asymmetric-Dual-Grating-Gate Gra-phene-Channel
FET Based on Plasmonic and Photothermoelectric Effects," IRMMW-THz: the 48th International
Conference on Infrared, Millimeter and Terahertz Waves 2023, Montreal, Canada, Sept. 17-22,
2023.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Taiichi Otsuji, Victor Ryzhii, Chao Tang, Maxim Ryzhii, Vladimir Mitin, and Michael S. Shur,
"Terahertz Hot-Electron Bolometric Detectors Based on Metal/Black-AsP/Graphene FETs:
Proposal and Evaluation,"” IRMMW-THz: the 48th International Conference on Infrared,
Millimeter and Terahertz Waves 2023, Montreal, Canada, Sept. 17-22, 2023.

Samy, O., Otsuji, T., Moutaouakil, A.E., "Near-Perfect THz Absorber with Wide Range
Tunability,” IRMMW-THz: the 48th International Conference on Infrared, Millimeter and
Terahertz Waves 2023, Montreal, Canada, Sept. 17-22, 2023. DOI: 10.1109/IRMMW-
THz57677.2023.10298957

T.-T. Lin, D. Nakajima, K. Nishimura, M. Watanabe, K. Kasai, M. Yoshida, T. Suemits, T. Otsuji,
and A. Satou, "Utilizing high-intensity optical subcarrier signal for conversion gain enhancement
of a UTC-PD-integrated HEMT photonic double-mxer,"” = IRMMW-THz: the 48th International
Conference on Infrared, Millimeter and Terahertz Waves 2023, Montreal, Canada, Sept. 17-22,
2023. (keynote, invited) DOI: 10.1109/IRMMW-THz57677.2023.10299383

R. Kohama, K. Yonekubo, H. Sugino, K. Suwa, K. Sugawara, C. Tang, T. Otsuji, and H.
Fukidome, "Heteroepitaxy of graphene on h-BN using SiC as a substrate," TeraTech 2023: the 10
International Symposium on Terahertz-Related Devices and Technology Tech. Dig., vol. 1, pp.
104-105, Aizuwakamatsu, Fukushima, Japan, Sept. 4-8, 2023.

H. Seki, C. Tang, K. Tamura, S. Uchigasaki, H. Fukidome, Y. Takida, H. Minamide, A. Satou,
and T. Otsuji, "Room temperature fast THz detection based on plasmonic rectification in an
asymmetric periodic gated graphene field effect transistor," TeraTech 2023: the 10 International
Symposium on Terahertz-Related Devices and Technology Tech. Dig., vol. 1, pp. 122-123,
Aizuwakamatsu, Fukushima, Japan, Sept. 4-8, 2023.

M. Watanabe, D. Nakajima, T.-T. Lin, K. Nishimura, T. Suemitsu, T. Otsuji, and A. Satou,
"Optical-to-MMW/THz Carrier Frequency Down-Conversion by UTC-PD-Integrated HEMT:
Optimization of UTC-PD Mesa Shape and Size," TeraTech 2023: the 10 International Symposium
on Terahertz-Related Devices and Technology Tech. Dig., vol. 1, pp. 12-13, Aizuwakamatsu,
Fukushima, Japan, Sept. 4-8, 2023.

K. Narita, T. Negoro, Y. Takida, H. Minamide, T. Suemitsu, T. Otsuji, and A. Satou, "Highly
sensitive and fast grating-gate plasmonic THz detector based on an inverted-HEMT structure,"
TeraTech 2023: the 10 International Symposium on Terahertz-Related Devices and Technology
Tech. Dig., vol. 1, pp. 130-131, Aizuwakamatsu, Fukushima, Japan, Sept. 4-8, 2024.

R. Kojima, T. Otsuji, and A. Satou, "Introduction of a Guided-Mode-Resonance Structure in the
Uni-Traveling-Carrier Photodiode for Enhancement of Photoabsorption Efficiency," TeraTech
2023: the 10 International Symposium on Terahertz-Related Devices and Technology Tech. Dig.,
vol. 1, pp. 132-133, Aizuwakamatsu, Fukushima, Japan, Sept. 4-8, 2023.

T. Otsuji, "Two-dimensional plasmonic terahertz devices using graphene-based 2D materials,"
IEEE-EDS Distinguished Lecturers Mini-Coloquium collocated with TeraTech 2023 Tech. Dig.,
vol. 1, pp. 34-35, Aizuwakamatsu, Fukushima, Japan, Sep. 6, 2023. [invited]

T. Otsuji, "Recent advances in the research of graphene-based plasmonic metamaterial for
terahertz laser transistors," SPIE Optics+Photonics, Conference on Terahertz Emitters, Receivers,
and Applications XIV (OP412), Paper 16283-39, San Diego, CA, USA, Aug. 20-24, 2023.
(invited)

A. Satou, "Photonic double-mixing by UTC-PD-integrated HEMT for optical-to-sub-THz/THz
carrier frequency down-conversion," SPIE Optics+Photonics, Conference on Terahertz Emitters,
Receivers, and Applications XIV (OP412), Paper 12683-34, San Diego, CA, USA, Aug. 20-24,
2023. (invited)

K. Tamura, C. Tang, D. Ogiura, K. Suwa, H. Fukidome, Y. Takida, H. Minamide, T. Suemitus, T.
Otsuji, and A. Satou, "Fast and sensitive THz detection by an asymmetric-dual-grating-gate
epitaxial-graphene-channel FET based on plasmonic and photothermoelectric rectification

effects," SPIE Optics+Photonics, Conference on Terahertz Emitters, Receivers, and Applications
XIV (OP412), Paper 12683-41, San Diego, CA, USA, Aug. 20-24, 2023. (invited)
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20.

21.

22.

23.

24.

25.

26.

27.

A. Satou, K. Narita, T. Negoro, Y. Takida, H. Minamide, T. Suemitsu, and T. Otsuji, "Grating-
Gate Plasmonic THz Detector Based on InGaAs-Channel Inverted-HEMT," URSI GASS: the
35th Union Radio-Scientifique Internationale General Assembly and Scientific Symposium, D04:
Microwave/millimeter-wave/THz and photonic systems for Beyond 5G/6G communications
(Isao Morohashi, Hwang-Seok Chung), Paper REC-D04-02, Sapporo Convention Center,
Sapporo, Hokkaido, Japan, Aug. 19-26, 2023.

T. Otsuji, S. Boubanga-Tombet, C. Tang, A. Satou, V. Ryzhii, W. Knap, D. Yadav, K. Narahara,
M. Ryzhii, V. Mitin, and M.S. Shur, "Graphene-based 2D Plasmonic Metamaterials for Terahertz
Laser Transistors,” META: the 13th International Conference on Metamaterials, Photonic
Crystals and Plasmonics Proc. [Symposium II: New trends in nanophotonics and advanced
materials], pp. 299-300, Paris, France, July 18-21, 2023. (invited)

T. Otsuji, "Physics of graphene Dirac plasmons and their terahertz device applications," AWAD:
the 30th Asia-Pacific Workshop on Advanced Semiconductor Devices Dig., pp. 27-28, Tokyo
Tech, Yokohama, Japan, July 10-11, 2023. (invited)

0. Samy, T. Otsuji, and A. Moutaouakil, "Terahertz Absorptance in MoS2/Graphene Nanoribbon
Heterostructures," PIERS: the 44th Photonlcs & Electromagnetics Research Symposium 2023,
Prague, Czech, July 3-6, 2023.

T. Otsuji, "Graphene-based van der Waals 2D heterostructures for plasmonic terahertz laser
transistors and detectors,” QUEST: International Conference on Quantum Engineered Sensing
and Information Technology, Paris, France, June 27-30, 2023. (invited)

T. Otsuji, "Graphene-based van der Waals 2D heterostructure materials and devices for terahertz
wireless communications," AES 2023: the 9th International Conference on Antennas and
Electromagnetic Systems will be held in the fascinating Spanish Costa del Sol, in the city of
Torremolinos, Spain, June 5-8, 2023. (invited, keynote)

K. Tamura, C. Tang, D. Ogiura, K. Suwa, H. Fukidome, Y. Takida, H. Minamide, T. Suemitsu, T.
Otsuji, and A. Satou, "Fast and Sensitive THz Detection by an Asymmetric-Dual-Grating-Gate
Epitaxial-Graphene-Channel FET Due to Plasmonic and Photothermoelectric Rectification
Effects," CLEO: Conference on Lasers and Electro-Optics 2023, SF11.3, San Jose McEnery
Convention Center, San Jose, CA, USA, May 7-12, 2023. DOI: 10.1364/CLEO_SI.2023.SF11.3

T. Otsuji, "Graphene plasmonic terahertz laser transistors," 2023 Korea-Japan Workshop on
Terahertz Science and Technology, International Science Innovation Bld., Kyoto Univ., Kyoto,
Japan, April 3, 2023. (invited)
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B3 EFT/NM R (KIFAE)
Quantum Devices
(T. Otsuka)

EkT/ BEOMERA L T/ AIEADHER

Electronic properties of nanostructures and device applications

B U EIALEE, @3 12 7 ARrge & LT, AN TTANCVERL, #i4 L 7= [EiR - fEis
WZBT MMERRH, BEXOT A RIEHOMREEED TN D, T/ A— FLVA T —LD
PR BT MG CIE E TR FE ORI YHEBILNEL, TN EIEHTLZ 81
KB LOHEREMNET A A 2RI 5 Z LR TE S, BT/ #ETORFTE FHIREED
TR 2R RS B IR 2 B L 7228 B ERT 2 M IS B T D BBl S % fR
L. F7ERT 2 MEEICB T 2E T EZIEH L8 LOBE 7351 20158, Bi%
EIToTC0W5h, ZHUWIEIVETFZLYZ hr=J A0 /b7 hr=J A %EEZBL T,
FUWEBRALE, EEHENCERT 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.

EEARED !

1. Y. Fyjiwara, M. Shinozaki, K. Matsumura, K. Noro, R. Tataka, S. Sato, T. Kumasaka, and T.
Otsuka “Wide dynamic range charge sensor operation by high-speed feedback control of radio-
frequency reflectometry”, Applied Physics Letters 123, 213502 (2023), DOI: 10.1063/5.0167212

2. K. Shibata, M. Yoshida, K. Hirakawa, T. Otsuka, S. Z. Bisri, and Y. Iwasa, “Single PbS colloidal
quantum dot transistors”, Nature Communications 14, 7486 (2023), DOL
10.6084/m9.figshare.24311608

3. T.Johmen, M. Shinozaki, Y. Fujiwara, T. Aizawa, and T. Otsuka, “Radio-frequency reflectometry
in bilayer graphene devices utilizing micro graphite back-gates”, Physical Review Applied 20,
014035 (2023), DOI: 10.1103/PhysRevApplied.20.014035

4. K. Matsumura*, T. Abe*, T. Kitada, T. Kumasaka, N. Ito, T. Tanaka, K. Nakahara, and T. Otsuka,
(*equal contribution). Channel length dependence of the formation of quantum dots in
GaN/AlGaN FETs”, Applied Physics Express 16, 075003 (2023), DOI: 10.35848/1882-
0786/ace415

(Eff=ERR]

1. T. Otsuka, “Semiconductor Qubits and New Materials”, UK-Japan-Swiss Workshop ‘Materials
for Quantum Electronics’, Manchester, Feb. 28, 2024 (invited).

2. 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,
“Improvement of Charge State Estimation in Quantum Dots by Machine Learning and
Visualization of the Model by Grad-CAM”, The 5th International Symposium on Al and
Electronics, Sendai, Feb. 20, 2024 (poster presentation).

3. M. Shinozaki, Y. Fujiwara, K. Matsumura, K. Noro, R. Tataka, S. Sato, T. Kumasaka, and T.
Otsuka, “Wide dynamic range charge sensing utilizing fast feedback control of radio-frequency
reflectometry” Symposium for the Core Research Clusters for Materials Science and Spintronics,
and International Joint Graduate Program in Materials Science and Spintronics, Sendai, Nov. 28,
2023 (poster).
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10.

11.

12.

Y. Muto, T. Nakaso, T. Aizawa, Mo. 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, “Improving the generalization performance of the machine learning model estimating
charge states in quantum dots”, Symposium for the Core Research Clusters for Materials Science
and Spintronics, and International Joint Graduate Program in Materials Science and Spintronics,
Sendai, Nov. 28, 2023 (poster).

K. Matsumura, T. Abe, T. Kitada, T. Kumasaka, N. Ito, T. Tanaka, K. Nakahara, and T. Otsuka,
“Transport Property of a Few Quantum Dots Formed in Short Channel GaN FETs”, Symposium
for the Core Research Clusters for Materials Science and Spintronics, and International Joint
Graduate Program in Materials Science and Spintronics, Sendai, Nov. 28, 2023 (poster).

T. Kato, M. Seo, T. Kitada, T. Otsuka, and T. Kato, “Controllable fabrication of graphene
nanoribbon-based quantum dot devices”, Symposium for the Core Research Clusters for Materials
Science and Spintronics, and International Joint Graduate Program in Materials Science and
Spintronics, Sendai, Nov. 28, 2023 (poster).

T. Johmen, M. Shinozaki, Y. Fujiwara, T. Aizawa, and T. Otsuka, “High-frequency measurement
in graphene nanostructures for quantum devices”, Workshop on Quantum and Classical Cryogenic
Devices, Circuits, and Systems, Superconducting SFQ VLSI Workshop, and International
Workshop of Spin/Quantum Materials and Devices, Sendai, Nov. 17, 2023 (Oral).

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, “Automatic state recognition of quantum dot hardware utilizing machine learning”,
International Conference on Machine Learning Physics, Kyoto, Nov. 15, 2023 (poster).

T. Johmen, . Shinozaki, Y. Fujiwara, R. Tataka, T. Aizawa, T. Kumasaka, and T. Otsuka,
“Radio-frequency reflectometry measurement in bilayer graphene microdevices”,
International Conference on Electronic Properties of Two-Dimensional Systems,
Grenoble, Jul. 11, 2023 (poster).

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, “Automatic charge state estimation in quantum dots by machine learning and visual
explanation of the model with Grad-CAM?”, International Conference on Electronic Properties of
Two-Dimensional Systems, Grenoble, Jul. 11, 2023 (poster).

K. Shibata, M. Yoshida, K. Hirakawa, T. Otsuka. S. Z. Bisri, and Y. Iwasa, “Gate-tunable carrier
transport through single PbS colloidal quantum dots”, International Conference on Electronic
Properties of Two-Dimensional Systems, Grenoble, Jul. 11, 2023 (poster).

T. Otsuka, “Semiconductor spin qubits and new materials”, Workshop: Emerging Platforms for
Quantum Computing, Sendai, Apr. 11, 2023 (invited).
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5C T/ « NAFBERDFT /N4 AERRITEE
Nano-Bio Hybrid Molecular Devices

Cl F/ - NAFREFFTNAR (FHER)
Nano-Bio Hybrid Molecular Devices (A. Hirano-Iwata)
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Cl F/ - NAFTREDFTNAR (ETHES)

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

1. AITHREBICEDIS TN RAORAFELIGAICET 2R

Development of artificial cell membrane sensors and their medical applications

AN LA HIR A S 2 5 U R a7 EDEZRA 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.

2. NAF - BRMBIZEICEF - 130T/ RORIRLICET 58K

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

FHE A TIE IO TR 2 79 25 7 /3 A 2 DV 2 OB O REAT 2 18
LT, FHREF - AT T A ZDRIZE B L TV 5,

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.

3. IEEMEMEEZAVEAIMERERAICEY 2R

Construction of artificial neuronal networks based on cultured neurons

FRON THM 2 P 721 A U AR & 7o 2 JR B 38 F- & L2 DET Vv AT
LDOAIRKZ BEE L TV 5,

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

[EFATERX]

1. K. Hiramoto, K. Komatsu, R. Shikuwa, A. Konno, Y. Sato, A. Hirano-Iwata, K. Ino, H. Shiku,
“Evaluation of respiratory and secretory activities of multicellular spheroids via
electrochemiluminescence imaging”, FElectrochim. Acta, 458, 142507 (2023). DOI:
10.1016/j.electacta.2023.142507

2. T. Sumi, H. Yamamoto, Y. Katori, S. Moriya, T. Konno, S. Sato, A. Hirano-Iwata, “Biological
neurons act as generalization filters in reservoir computing”, Proc. Natl. Acad. Sci. U.S.A., 120,
€2217008120 (2023). DOI: 10.1073/pnas.2217008120

3. H. Yamamoto, F.P. Spitzner, T. Takemuro, V. Buendia, H. Murota, C. Morante, T. Konno, S. Sato,
A. Hirano-Iwata, A. Levina, V. Priesemann, M.A. Mufioz, J. Zierenberg, J. Soriano, “Modular
architecture facilitates noise-driven control of synchrony in neuronal networks”, Sci. Adv., 9,
eadel755 (2023). DOI: 10.1126/sciadv.adel755

4. M. Sato, M. Hariyama, M. Komiya, K. Suzuki, Y. Tozawa, H. Yamamoto, A. Hirano-Iwata,
“Model-free idealization: Adaptive integrated approach for idealization of ion-channel currents”,
Biophys. J., 122, 3959-3975 (2023). DOI: 10.1016/j.bpj.2023.08.019

5. M. Niwano, T. Ma, K. Iwata, D. Tadaki, H. Yamamoto, Y. Kimura, A. Hirano-Iwata, “Two-
dimensional water-molecule-cluster layers at nanobubble interfaces”, J. Colloid Interface Sci., 652,
1175—-1183 (2023). DOI: 10.1016/.jcis.2023.08.173

6. M. Sakaibara, H. Yamamoto, H. Murota, N. Monma, S. Sato, A. Hirano-Iwata, “Enhanced
responses to inflammatory cytokine interleukin-6 in micropatterned networks of cultured cortical
neurons”,  Biochem.  Biophys. Res.  Commun., 695, 149379  (2024). DOLI
10.1016/j.bbrc.2023.149379
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1.

10.

11.

12.

13.

14.

H. Yamamoto, A. Hirano-Iwata, S. Sato, “In vitro neuroengineering technologies for reconstituting
and decoding neuronal network dynamics”, Tohoku NeuroTech Symposium (TNS) 2023, Tohoku
Universtiy, Sendai, Japan, July 31, 2023.

H. Kageyama, M. Sato, M. Komiya, T. Ma, A. Hirano-Iwata, “Construction of a novel evaluation
system for specific capacitance of artificial bilayer lipid membranes”, ACS Fall 2023, Online /
Sanfrancisco, U.S.A., August 14, 2023.

T. Sumi, H. Yamamoto, Y. Katori, K. Ito, S. Sato, A. Hirano-Iwata, “Physical reservoir computing
using dynamics of biological neuronal network with modular structure”, 10th International
Congress on Industrial and Applied Mathematics (ICIAM 2023), Waseda University, Tokyo, Japan,
August 24, 2023.

K. Hiramoto, K. Ino, A. Hirano-Iwata, and H. Shiku, “Developing electrochemiluminescence
imaging method for the study of supported lipid bilayers”, International Society of Electrochemistry
74th Annual Meeting, Lyon, France, September 5, 2023.

H. Yamamoto, T. Sumi, Y. Sato, S. Sato, A. Hirano-Iwata, “Bottom-up investigation of multicellular
computing within biological neuronal networks”, 2023 International Symposium on Nonlinear
Theory and Its Applications (NOLTA2023), Online / Catania, Itary, September 28, 2023.

T. Sumi, H. Yamamoto, Y. Katori, K. Ito, S. Sato, A. Hirano-Iwata, “Modular topology enhances
reservoir computing performance in biological neuronal networks”, 2023 International Symposium
on Nonlinear Theory and Its Applications (NOLTA2023), Online / Catania, Itary, September 29,
2023.

A. Hirano-Iwata, “New tools for the functional analysis of membrane proteins based on lipid bilayer
systems”, MNC 2023, Keio Plaza Hotel Sapporo, Sapporo, Japan, November 16, 2023.

K. Hiramoto, “On the use of Electrochemiluminescence Microscopy: keys to visualizing biological
phenomena”, International Virtual Nanopore Weekly Meeting, Online, November 20, 2023.

M. Sakaibara, H. Yamamoto, H. Murota, N. Monma, S. Sato, A. Hirano-Iwata, “Enhanced
modulation of spontaneous neural activity by interleukin-6 in micropatterned neuronal networks”,
16th International Symposium on Nanomedicine (ISNM2023), Osaka Metropolitan University,
Osaka, Japan, November 20, 2023.

H. Yamamoto, S. Sato, A. Hirano-Iwata, “Optogenetic perturbation of engineered neuronal
networks grown in vitro”, 16th International Symposium on Nanomedicine (ISNM2023), Osaka
Metropolitan University, Osaka, Japan, November 21, 2023.

N. Monma, H. Yamamoto, H. Murota, S. Moriya, N. Fujiwara, A.Hirano-Iwata, S. Sato, “Designing
modular neuronal networks with directional connections to enhance dynamical complexity”, The
12th RIEC International Symposium on Brain Functions and Brain Computer (BFBC 2024), Online
/ Tohoku Universtiy, Sendai, Japan, February 27, 2024.

H. Murota, H. Yamamoto, N. Monma, S. Sato, A. Hirano-Iwata, “Modulation of neuronal
ensembles by optogenetic stimulation in biological neuronal networks”, The 12th RIEC
International Symposium on Brain Functions and Brain Computer (BFBC 2024), Online / Tohoku
Universtiy, Sendai, Japan, February 27, 2024.

D. Ando, T. Teshima, F. Zurita, H. Peng, K. Ogura, K. Kondo, L. Weil}, A. Hirano-iwata, M. Bechrer,
J. Alexander, B. Wolfrum, “Chitosan nanofibers as a substrate for neural stimulation”, The 12th
RIEC International Symposium on Brain Functions and Brain Computer (BFBC 2024), Online /
Tohoku Universtiy, Sendai, Japan, February 27, 2024.

T. Sumi, A. M. Houben, A.-C. Hib, H. Yamamoto, H. Kato, Y. Katori, H. Chiba, J. Soriano, A.
Hirano-Iwata, “Recovery of neuronal activity in culture and numerical models through functional
connectivity reorganization”, The 12th RIEC International Symposium on Brain Functions and
Brain Computer (BFBC 2024), Online / Tohoku Universtiy, Sendai, Japan, February 27, 2024.
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15. A. Hirano-Iwata, M. Sato, T. Ma, M. Komiya, D. Tadaki, H. Yamamoto, “Lipid bilayers as nm-
thick platforms for signal transduction”, 14th International Workshop on Nanostructures &
Nanoelectronics (IWNN-14), Online, March 6, 2024.
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6. SEEH

Miscellaneous

FEEDRRIEEDHE

Facilities and Equipment

FEEXDFIARE (K5 FFE)

Statistics

F/ - REVIEHRR
Nano-Spin Seminar Series
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6—1 MHRORTXHNEEDEE

Facilities and Equipment

a-l) 7/ + A UEFE—b - VYT 5T BhE

O BF b —AHEEE HAE - IBX-8100FS
QxR K — A
@EE  JLEFEE : 100kV
74—V REEAREEE ¢ 220nm
FEREDOEIEE © +20nm
BIMIE - 12nm(AR Y RE—AZ AT FyNE— 588 2nm)
7 =N X 1 5 mm f~8inch ¢
O F/ « A UEFHEY AT L HAFE ¥ IBX-9300SA
| JEReS T R — )LD F— A
@EE  IWHEEE - 100kV
B/ VR : 20 nm
7 =N A X 5 mm f~300 mme
OREUTARAZHY V757 ¢ & INATIAYLT o A LA R JL R
> DWL66+
@iz 7 = NSOEHEER, 7+ v A7 {E
@HE  HyMEEHHE : HiRes Mode:300nmL&S,Mode IT:800nmL&S
A D HE S E:500nm
T2 A R SmmO~8 A U F ¢
VAT YA X 1 25~6 1 T
R UTNRAZHY VT 7 4 8 INATIrYLT o A A R JL R
> DWL200
OHiE T b RAIERL U = O E R
@MAE  FyMHEEHRE : 2um T A AR
VAT AKX 25~614 T
Tz YA X 3~6 A T @
O B ERE T EEE A7 SU8600
O/ RIS ST
@HE 2 RE TR fEE

NBHFELE 15KV @ 0.6nm

IkV YV #—F 4 7%F— K :0.7nm

fi53 1 x20~2,000,000

JIBHFEE : 0.5~30kV

FHiEs : Upper iHH#HEXB 7 /L% — : SE/BSE 155128550, Lower fitHgs.
Top FrHHER. FREARISE TR HER

AHEHERY A X1 K ¢ 150mm
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O A F > B —ANTfENEER (FIB-SEM) ZEISS NVisiond0 (A)
O/ EHAA L E—AIC L AMHINT. & SEM #ig2
@/5E Ga A 4> B — LB RNHEEIT : 30kV
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