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Nanoelectronics and Spintronics for Information Technology
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Highlights of Research in FY2021
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Nano Integration

® F/EBTNART0vR (et - BEBX - ILFXKHR)

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

() ARG AN— R =7 OBREEZ B E LT, SRSV A2 HEL L, KE) TEIfET %
ARA X T ma—arnbiElENA 2V ALy h=a2—F %y NU—27 LSI #8EL -,
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T L CE R b 2T 2 E 2 BRMEIC L VR LT,
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FIZER &Mz Lz,

(3) Bk E O—FH N TH LML FEOFEMNN— N U =7 OB EZ AR L LT OAREBER 2 HE=RI
REBEEEET VBT, Q FE 2T LM A L VA SR L~V TRGHL, B Y Y —
ADHIEE FEVEREOBRZI S L,

(1) Toward the development of neuromorphic computation hardware, we fabricated a recurrent neural
network LSI composed of spiking neurons that can reproduce various neuron pulses with ultra-low power
consumption. We confirmed by electrical measurements that our analog MOS circuit correctly operated in
the weak inversion region and that the network showed various responses depending on input signal.

(2) Low-energy plasma chemical vapor deposition method enables the formation of Si nitride film with a
composition close to stoichiometric ratio, and it is experimentally shown that a nanometer-thick Si nitride
film under the thermally oxidized SiO, dielectric film can suppress thermal oxidation of the substrate
surface.

(3) Toward the development of a dedicated hardware for reinforcement learning, we investigated the
relationship between the bit-length of floating-point operations and the learning performance of the
Q-learning algorithm.

® VIrIAVEA—TAVIRBVATL (BREE)

Soft Computing Integrated System (Y. Horio)
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(1) We implemented a proof-of-concept chip for a cyclic-updating chaotic neural network reservoir
(CNNR) integrated circuit using TSV/[Ibump three-dimensional stacked IC technology. The experimental
results from the chip confirmed the validity and efficiency of the proposed technique. We also developed a
full circuit level emulator based on the measurement results to evaluate learning CNNR networks.

(2) We improved our mathematical model of neuron-like and synapse-like spintronics devices to be
applicable to integrated circuit and learning neural network designs. Some novel spintronics-based neural
networks were proposed using the improved model.

(3) We proposed six online learning algorithms for real-time additional learning of reservoir neural
networks. Performances of these algorithms were compared through simulations on discrete word
recognition tasks.

(4) We clarified the effects of local memory (refractoriness) inside the neuron, and the maximum gain of
the neuronal output function in the CNNR on word recognition performance through simulations. As a
result, we found that suitable exponential decay of the internal state improves the performance.

AEY b=y R BB RS

Spintronics and Information Technology

® REYIOZHR (REKH)

Spintronics (S. Fukami)
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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) Summarizing physical properties and potential materials for qubit
applications with spin centers, (2) proposing double-free-layer stochastic magnetic tunnel junction for
probabilistic bit applications and clarifying the physical mechanism governing the time-domain and
time-averaged properties, (3) discovering a persistent rotation of chiral-spin structure in non-collinear
antiferromagnet driven by current-induced spin-orbit torque, (4) demonstrating the energy harvesting of
Wi-Fi band signal using series connected spintronic oscillators, (5) elucidating the critical factors that
govern the topological properties of non-collinear antiferromagnetic Mn3Sn thin film through a systematic
measurement of the crystalline structure, magnetic properties and magnetotransport properties, (6)
revealing a missing factor in the analysis of current-induced hysteresis loop measurement that is used to
quantify the Dzyaloshinskii-Moriya interaction, (7) clarifying the physical mechanism governing the
time-averaged response of the stochastic magnetic tunnel junction with respect to magnetic field and
current, (8) demonstrating a nonvolatile control of oscillation properties in an artificial structure consisting
of spin Hall nano-oscillators as an artificial neuron and memristors as an artificial synapse, (9) establishing
a device technology to extend nonvolatile magnetic tunnel junction to angstrom semiconductor generation
while keeping high performance, and (10) demonstrating Boltzmann machine learning using a probabilistic
bits with stochastic magnetic tunnel junctions.

@ EJO—FNAY FESRE (BiHR— &HkR)
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. III-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 2020FSY.
1. Creation of graphene-based current-injection terahertz lasers

Graphene, a monolayer sheet of honeycomb carbon crystal, exhibits unique carrier transport properties
owing to the massless and gapless energy spectra, which is expected to break through the limit on
conventional device operating speed/frequency performances. Towards the creation of novel
current-injection graphene THz laser-transistors, we developed a graphene laser-transistor featured with our
original asymmetric dual-grating gates demonstrating coherent amplification of THz radiation with the
maximal gain of 9% at room temperature promoted by graphene plasmon instabilities driven by de-channel
current flow (Press-released on July 2020).

2. Development of plasmonic THz detectors

Regarding the InGaAs-channel plasmonic THz detector, 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 photovoltage and succeeded in drastic enhancement of the detector
responsivity by one order of magnitude.

® EFT/NAR (KIFHE)

Quantum Device (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 2021 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 data
informatics approaches.

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

(3) We studied semiconductor quantum bits for future quantum information processing. We worked on
quantum bit operations and readout and developed techniques for scale-up of quantum systems.
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Nano-Bio Hybrid Molecular Devices

® F/ - NAFHMERTFTINMR (FHER)
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 various soft materials, such as
biomaterials and organic materials.

(1) We developed a new measurement system for artificial lipid bilayer membranes, in which a lateral
voltage was introduced as a new input in addition to the traditional transmembrane voltage. We
demonstrated that the new system could effectively modulate the ion-channel activity and the performance
of hybrid devices based on fullerene-doped bilayer membranes.

(2) In collaboration with a member of the newly launched Grant-in-Aid for Transformative Research Area



(B) “Multicellular Neurobiocomputing” (MEXT KAKENHI), we developed a novel microelectrode
technology to deliver localized stimulation to cultured neuronal networks grown on microfabricated
substrates.

(3) We developed a TiO> nanotube-based gas sensor for precisely detecting trace amounts of CO in a gas
mixture. We also confirmed the bactericidal activity of nanobubbles generated using porous alumina films.
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Global Activities

4—1 [EERHFEFHFZE COE of International Research Collaboration
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University of Salamanca, Spain
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The Technical University Dresden, Germany
Johannes Gutenberg University Mainz, Germany
University of Regensburg, Germany

The Technical University of Munich, Germany

IHP & Berlin Institute of Technology, Germany
Polish Academy of Sciences s, Poland
IUHFSE,RAS & GPI RAS, Russia

Moscow State University, Russia

Bauman Moscow State Technical University, Russia
Singapore Spintronics Consortium, Singapore
Chinese Academy of Sciences , China

University of California, USA

Purdue University, USA

Harvard University, USA
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International Symposium Held in LNS,RIEC

RIEC Symposium on Spintronics
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5[ 20094 10H22-238 FeE : 20108F2A5-68
E7E :20115%283-48 £8E : 201242A2-30
o[ : 201245A31H-6A2H 10 : 201351 815-168
gF11[E : 20135F18318H-2A1H 12 : 201456 H25-27H 7 International  Workshon  on
S13[E : 2015411 A18-208 14 : 2016511 A17-198 Nanostructures&Nanoelectrc?nics
F15E : 20175128 13-14H F16ME : 2019F1H9-108
#17E :2019%12H83-68 % 18E : 2021411 85-308

International Workshop on Nanostructure & Nanoelectronics
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%70 :2016%381-38 £8E : 20174386-78
%ol 2018538 1-2H E10[E : 2019%F3H6-78
F11ME : 2021438 1-2H F12E : 20224F3H14-158

RIEC-CNSI Workshop on Nano & Nanoelectronics, Spintronics
and Photonics
51 : 2009410822238

2nd RIEC Symposium on Spintronics-

MgO-based Magnetic Tunnel Junction-

RIEC International Symposium on Brain Functions and Brain Left: Albert Fert (received 2007 Nobel

Computer Prize in Physics); Right: Russel
F1E : 201248 11H15-168 FE2ME : 20145F2821-22H Cowburn

%30 : 2015828 18-19H $4[E : 201652H23-24H

5ME : 201782827288 FoE : 2018F2H1-28

%70 : 201982822-23H 8@ : 202052813-15H

%9 : 2020412858 £ 10E: 202242 818-198

4—2 EHRE 2RI LBME International Symposium
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1st Online RIEC International Workshop on Spintronics
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The 10th RIEC International Symposium on

Brain Functions and Brain Computer

Date: February 18-19th, 2022
Place: Virtual Symposium
Organizers:

Symposium Chair

Shigeo Sato, Tohoku Univ.

Program Committee

Takahiro Hanyu, Tohoku Univ., Yoshihiko Horio, Tohoku Univ.,

Ayumi Hirano-Iwata, Tohoku Univ., Hideaki Yamamoto, Tohoku Univ.,
Kiyotaka Naoe, Tohoku Univ., Yasunari Takaura, Tohoku Univ.,

Yasunori Yamanouchi, Tohoku Univ., Masato Morishima, Tokyo Electron.,
Secretary

Satoshi Moriya, Tohoku Univ.

Co-organized by

Research Institute of Electrical Communication (RIEC), Tohoku University
Tohoku Forum for Creativity Program 2020 "Designing the Human-Centric loT Society
-Cooperative Industry-Academic Strategies for Creative Future Connection"

Transformative Research Areas (B) "Multicellular Neurobiocomputing"

In cooperation with
WISE Program for Al Electronics, Tohoku University
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Feb. 18

9:30 - 9:35
9:35-9:55
9:55 -10:25
10:25 - 10:55
10:55-11:05
11:05-11:25
11:25-11:45
11:45-12:05
12:05 - 13:30
13:30 - 13:50
13:50 - 14:10

Program

Opening Remarks
A. Hirano-Iwata (Tohoku Univ., Japan)

---- Special Session 1 (Chairs: Y. Katori, H. Yamamoto) ----

""The 1st Symposium on Multicellular Neurobiocomputing (1)

[SS1-1] The launch of "Multicellular Neurobiocomputing"

H. Yamamoto, Y. Katori, T. Matsui, Y. Masamizu (Tohoku Univ., Japan)
[SS1-2 (Invited)] Modeling mean-field neuronal responses of the visual cortex
T. Netoff, A. Kiani, G. Ghose (Univ. Minnesota, U.S.A.)

[SS1-3 (Invited)] Perceptron-like learning rules mediate a plastic response to stressors

in corticotropin-releasing hormone neurons of the hypothalamus

W. Nicola, T. Fuzesi, J. Bains (Univ. Calgary, Canada)

Break (10 min)

[SS1-4] Reservoir based sensory and motor processing models for multicellular

neurobiocomputing

Y. Katori (Future Univ. Hakodate, Japan)

[SS1-5] Spatiotemporal activity in the biological neural network: properties,
functions, and potential applications

T. Matsui (Okayama Univ., Japan)

[SS1-6] Development of techniques to construct novel brain's neural circuits

Y. Masamizu, T. Ebina, Y. Tanaka, M. Negishi-Kato, H. Onoe, S. Takeuchi, M.
Matsuzaki (Doshisha Univ., Japan)

Lunch Break

--- Special Session 2 (Chair: M. Kimura) ---

"'"Brain-like Integrated System: Device, Circuit, System, etc."

[SS2-1 (Session Invited)] Demonstrations on synaptic operations of ferroelectric-gate
field-effect transistors

S.-M. Yoon (Kyung Hee Univ., Korea)

[SS2-2 (Session Invited)] IMAX2: A CGRA with interface to neuromorphic and
stochastic computing

Y. Nakashima (NAIST, Japan)
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14:10 - 14:25

14:25 - 14:45

14:45 - 15:00

15:00 - 15:30

15:30 - 15:50

15:50 - 16:10

16:10 - 16:30

16:30 - 16:50

16:50 - 17:00

17:00 - 17:20

17:20 - 17:50

17:50 - 18:20

[SS2-3] Multi-domain spiking neural network on analog neuromorphic hardware

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

[SS2-4] Neuromorphic systems using thin-film memcapacitors

M. Kimura (Ryukoku Univ., Japan)

[SS2-5] Analog memristor using amorphous metal-oxide thin-film devices

D. Makioka, S. Shiomi, E. Iwagi, Y. Ishisaki, T. Katagiri, M. Kimura (Ryukoku Univ.,
Japan)

Break (30 min)

---- Special Session 3 (Chairs: Y. Masamizu, T. Matsui) ----

""The 1st Symposium on Multicellular Neurobiocomputing (2)"*

[SS3-1 (Invited)] High-resolution intravital imaging based on novel two-photon
microscopic technologies

K. Otomo, T. Nemoto (Juntendo Univ., Japan)

[SS3-2] Nonlinear integration of synaptic inputs revealed by large-scale synapse
imaging without backpropagating action potentials

S. Kondo, K. Kikuta, K. Ohki (Univ. Tokyo, Japan)

[SS3-3] Modeling subthreshold voltage signaling along axon in the hippocampus

H. Kamiya (Hokkaido Univ., Japan)

[SS3-4] Glial assembly for the fine tuning of synaptic transmission

S. Katsurabayashi, K. Oyabu, K. Takeda, K. Kubota, T. Watanabe, K. Iwasaki

(Fukuoka Univ., Japan)
Break (10 min)

[SS3-5] A new lipid bilayer platform for analyzing ion channel functions

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

[SS3-6 (Invited)] Spiking Neural Network for bio-hybrid systems

T. Levi, R. Beaubois, F. Khoyratee (Univ. Bordeaux, France)

[SS3-7 (Invited)] Rich dynamics and functional organization on topographically
designed neuronal networks in vitro

M. Montala-Flaquer, C. F. Lopez-Leon, D. Tornero, T. Fardet, P. Monceau, S.

Bottani, J. Soriano (Univ. Barcelona, Spain)
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Feb. 19

10:00 - 10:30

10:30 - 10:50

10:50 - 11:05

11:05 - 14:00

14:00 - 14:15

14:15 - 14:30

14:30 - 14:45

14:45 - 15:00

15:00 - 15:15

--- Special Session 4 (Chair: S. Sato) ---
"'Spintronics-based edge computing hardware fundamentals*

[SS4-1 (Invited)] Massively parallel probabilistic computing through MRAM
K. Camsari, J. Kaiser, S. Datta, W. A. Borders, H. Ohno, S. Fukami (UC Santa
Barbara, U.S.A.)

[SS4-2] Spiking neuron circuit and efficient CMOS reservoir computing
S. Sato, S. Moriya, S. Ono, Y. Kanke, H. Yamamoto, Y. Horio, Y. Yuminaka, J.
Madrenas (Tohoku Univ., Japan)

[SS4-3] Design of an energy-efficient binarized CNN accelerator using an
appropriate schedule of intra-data life time

T. Oka, D. Suzuki, T. Hanyu (Tohoku Univ., Japan)
Lunch Break
--- General Session 1 (Chairs: Y. Horio, S. Moriya) ---

[GS1-1] Feasibility of neuromorphic wetware using configurable polymer networks
N. Hagiwara, Y. Amemiya, J. E. Ali, T. Asai, M. Akai-Kasaya (Hokkaido Univ.,
Japan)

[GS1-2] A co-design environment for computational models and circuits using
PyLTSpice and its application to circuit design for reinforcement learning using
reservoir computing

Y. Shishido, K. Kawazoe, K. Tamai, Y. Katori, H. Tamukoh, O. Nomura, T. Morie
(Kyushu Inst. Technol., Japan)

[GS1-3] Numerical simulation for VLSI implementation of reinforcement learning
using reservoir computing

K. Tamai, K. Kawazoe, Y. Shishido, Y. Katori, H. Tamukoh, O. Nomura, T. Morie
(Kyushu Inst. Technol., Japan)

[GS1-4] A situation-dependent navigation system by brain-inspired neural networks
with hippocampus, prefrontal cortex, and amygdala functions

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

[GS1-5] Artificial cerebellum implemented on an FPGA for real-time adaptive
motor control

Y. Shinji, O.Hirotsugu, Y. Hirata (Chubu Univ., Japan)
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15:15-15:30

15:30 - 15:45

15:45 - 16:00

16:00 - 16:15

16:15-16:35

16:35 - 16:55

16:55-17:15

17:15-17:45

17:45 - 17:50

[GS1-6] Development of a robot control system mimicking biological nervous
system functions

K. Morishita, Y. Takei, K. Saito (Nihon Univ., Japan)

[GS1-7] Controlling chaotic bipolar-disorder system by reduced-region-of-orbit
feedback method
H. Doho, S. Nobukawa, H. Nishimura, N. Wagatsuma (Kochi Univ., Japan)

[GS1-8] Extracting nonlinear latent dynamics of neurons using replica exchange
particle Markov chain Monte Carlo method

H. Inoue, T. Omori (Kobe Univ., Japan)

[GS1-9] Temporal modulations of neural sequential patterns in a multiple-timescale
network

T. Kurikawa (Kansai Medical Univ., Japan)

Break (20 min)

--- General Session 2 (Chair: S. Sato) ---

[GS2-1 (Invited)] Physical reservoir computing frameworks utilizing optical or spin-
wave dynamics

A. Hirose, H. Numata, J. B. Héroux, T. Yamane, D. Nakano, G. Tanaka, R. Nakane
(Univ. Tokyo, Japan)

[GS2-2 (Invited)] Flexible real-time display of SNN hardware architecture execution
B. Vallejo, C. Nader, J. Madrenas, M. Zapata, S. Moriya, S. Sato (Polytechn. Univ.
Catalonia, Spain)

[GS2-3 (Invited)] Unsupervised representation learning in brain-like neural networks
with Bayesian-Hebbian synaptic mechanisms

P. Herman, N. B. Ravichandran, A. Lansner (KTH Royal Inst. Technol., Sweden)

Closing Remarks

Y. Horio, S. Sato (Tohoku Univ., Japan)

17



N\ RIEG

' Research Institute of Electrical Communication
Tohoku University

12th International Workshop on
Nanostructures & Nanoelectronics

Online

March 14-15, 2022

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

18



12th International Workshop on Nanostructures & Nanoelectronics

[Online]

Germany China  Japan

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 14 (Monday)

Red: Local time in Japan (JST)

Blue: UTC

[ Germany: UTC+1, China: UTC+8 ]

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

(Chair: Teng Ma)
17:05 ~ 17:50
8:05 ~ 8:50

17:50 ~ 18:20

8:50 ~ 9:20

18:20 ~ 18:50

9:20 ~ 9:50

18:50 ~ 19:10
9:50 ~ 10:10

Opening Remarks

Ayumi Hirano-lwata'?

(*Research Institute of Electrical Communication, Tohoku University, Sendali,
Japan, 2Advanced Institute for Materials Research, Tohoku University, Sendai,
Japan)

Titania nanotubes in photocatalytic H, generation

Patrik Schmuki

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

The Scaffold of molecular nanocoils composed of organic conducting materials,
and its electromagnetic properties with AC magnetic field

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, SHokkaido University, Sapporo, Japan)

RT atomic layer deposition of aluminum silicate and SiO, multiple layers for ion
sorption
Fumihiko Hirose

(‘YYamagata University, Yonezawa, Japan)

Break
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(Chair: Ayumi Hirano-lwata)

19:10 ~ 19:40
10:10 ~ 10:40

19:40 ~ 20:10
10:40 ~ 11:10

20:10 ~ 20:40
11:10 ~ 11:40

Reconstitution of membrane proteins into a micropatterned model membrane
Fuko Kueda?, Fumio Hayashi?, Kenichi Morigaki?

(*Graduate School of Agricultural Science, Kobe University, Kobe, Japan,
2Graduate School of Science, Kobe University, Kobe, Japan, ®Biosignal Research
Center, Kobe University, Kobe, Japan)

Control of quenching efficiency in lipid bilayers on graphene oxide

Jocelyn Lau Min Yuan?, Kensaku Kanomata?, Fumihiko Hirose?, Ryugo Tero*
(*Toyohashi University of Technology, Toyohashi, Japan, 2Yamagata University,
Yonezawa, Japan)

Nanopore intelligent sensing towards single peptide sequencing

Yi-Lun Ying, 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)

March 15 (Tuesday)

Red: Local time in Japan (JST)

Blue: UTC

[ Germany: UTC+1, China: UTC+8 ]

(Chair: Daisuke Tadaki)

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

17:45 ~ 18:15
8:45~9:15

Shape-changing and conformable electrode arrays for peripheral nerve interfaces
Lukas Hiendlmeier?, Francisco Zurita®, Tetsuhiko Teshima?, Leroy Grob!, Fulvia
Del Duca?, Bernhard Wolfrum?

(*Neuroelectronics, ZEITlab, Munich Institute of Biomedical Engineering,

Department of Electrical and Computer Engineering, Technical University of
Munich, Munich, Germany, ?Medical & Health Informatics Laboratories, NTT
Research Incorporated, Sunnyvale, CA, USA)

Electrochemical nano-imaging of vascular model and stem cell differentiation

Hitoshi Shiku'?, Yuji Nashimoto®3, Kosuke Ino'?

(*Graduate School of Engineering, Tohoku University, Sendai, Japan, Graduate
School of Environmental Studies, Tohoku University, Sendai, Japan, *Frontier
Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai, Japan)
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18:15 ~ 18:45

9:15 ~ 9:45
18:45 ~ 19:05
9:45 ~ 10:05

Anodic TiO, nanotubes for biomedical applications

Anca Mazare®?, Patrik Schmuki®3#

(*Department of Materials Science WW-4, LKO, Friedrich-Alexander University
of Erlangen-Nuremberg, Erlangen, Germany, 2Advanced 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)

Break

(Chair: Ryugo Tero)

19:05 ~ 19:35
10:05 ~10:35

19:35 ~ 20:05
10:35 ~ 11:05

20:05 ~ 20:30
11:05 ~ 11:30

Acrtificial cell membrane systems for controlling intramembrane voltages

Ayumi Hirano-lwata'?

(*Research Institute of Electrical Communication, Tohoku University, Sendai,
Japan, 2Advanced Institute for Materials Research, Tohoku University, Sendai,
Japan)

Breakdown of the Nernst-Einstein relation in carbon nanotube porins

Zhongwu Li

(School of Mechatronic Engineering, China University of Mining and Technology,
Xuzhou, China)

Non-raft membrane domain formation in cholesterol-containing lipids bilayers:
polyunsaturated lipid domains
Mervin Wei Shern Goh, Ryugo Tero

(Toyohashi University of Technology, Toyohashi, Japan)
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5. ARAE (FF13 £

Research Abstracts

&1:;

5A F/ KIREBRTEE

Nano Integration

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

A2 Y7 havEBa—TaUTERVRATL (BREE)
Soft Computing Integrated System
(Y. Horio)
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Al F/EBTNAR - TOvR (s - BERBX - ILAZER)

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

1. BEHEN—FYT7IZET SR

Brain computing hardware

IR O AU T T IR R 7 3o XA DBESE & & D@ L. RO
PG R D 7 1 b 2 A TIZONTIFREEIT > 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

G & R R A A LIEBOMEEL BB T D720, AV OB EEEZFH L
o, Bf=a—n U FEFE LTHKHET A AL ZOFET LT Y ZLIZOWTHIE
ZAT> T2,

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. BEEIVEFEARIEIX I vIILERO-OOEREGEREMBRTS AT CVD TOt

AT SR
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 572010, B A — 2 TR
ORIRIe~T v R AT HEEE IV RFEREREONT v X & 2 v VRRIZD
WTHIFEL TV D,

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

highly strained group-1V semiconductor films with atomically flat and abrupt heterointerfaces is
being studied.

4. IVIEFERSEEEFATOBEOSERLTOLRICET 55K
Large-scale integration process of group IV semiconductor quantum heterostructures
IV R B RIRT A A0 Si EEREIE A~ DR 2 EE S 572012, IV RS
EEEF~T eEOmEMET R L B ~T T TN, ZA8YE - mfERg kiz 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. WMMMIREZEAV-EEHERROMEREICET MR
Bioengineering technologies for manipulating neuronal network functions
JRAfRR [E1 3% 0D S £ 7 /LR ORI AT T, BR 2R RN IR O & BRIt 4~ 5 7=
D O N T DOV TR ZAT > TV D,
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. MHEHRERY FT—ODHEBEETIVLICEAT HHE

Computational modeling of neuronal networks

ZHifR Yy N U — 2 EOBFRLEROBE L TS24 B L. thEsiiaE g o B FIEE),
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AN TG RALPR % 50k 3 5 A BIH R e BT T M DWW TR Z 1T > T D,

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.

EEAREDY!

1.

2.

3.

S. Moriya, T. Kato, D. Oguchi, H. Yamamoto, S. Sato, Y. Yuminaka, Y. Horio, J. Madrenas,
“Analog-circuit implementation of multiplicative spike-timing-dependent plasticity with linear
decay”. Nonlinear Theory and Its Applications, IEICE, Vol. 12, pp. 685-694, 2021.

K. Hattori, H. Kurakake, J. Imai, T. Hashimoto, M. Ishida, K. Sato, H. Takahashi, S. Oguma, H.
Yamamoto, A. Hirano-Iwata, T. Tanii, “Selective stimulation of a target neuron in
micropatterned neuronal circuits using a pair of needle electrodes”, Electrochemistry, vol.89,
pp.348-354, 2021.

R. Hasani, G. Ferrari, H. Yamamoto, T. Tanii, E. Prati, “Role of noise in spontaneous activity
of networks of neurons on patterned silicon emulated by noise—activated CMOS neural
nanoelectronic circuits”, Nano Express, Vol. 2, 020025, 2021.

(Eff=ERER]

1.

10.

J. A. Oltra-Oltra, J. Madrenas, M. Zapata, B. Vallejo, D. Mata-Hernandez and S. Sato,
“Hardware-software co-design for efficient and scalable real-time emulation of SNNs on the
edge”, Proc. 2021 IEEE International Symposium on Circuits and Systems (ISCAS 2021), 2021.

H. Yamamoto, T. Sumi, S. Sato, A. Hirano-Iwata, “Ultrasoft silicone elastomer as a biomimetic
scaffold for neuronal cultures”, European Materials Research Society (E-MRS) 2021 Spring
Meeting, 2021.

H. Yamamoto, T. Sumi, S. Sato, A. Hirano-Iwata, “Ultrasoft polydimethylsiloxane as a
biomimetic scaffold for neuronal cultures”, 8th Japan-China Nanomedicine Meeting, 2021.

S. Sato, S. Moriya, Y. Kanke, H. Yamamoto, Y. Horio, Y. Yuminaka, J. Madrenas, “A
subthreshold spiking neuron circuit based on the Izhikevich model”, Lecture Notes in Computer
Science (ICANN2021), Vol. 12895, pp. 177-181, 2021.

R. Miyata, D. Tadaki, D. Yamaura, S. Araki, M. Sato, M. Komiya, T. Ma, H. Yamamoto, M.
Niwano, A. Hirano-Iwata, “Development of solvent-free lipid bilayer microarray for parallel
recordings of transmembrane hERG channel activities”, The 9th International Symposium on
Surface Science, 2021.

H. Yamamoto, T. Takemuro, N. Monma, S. Sato, A. Hirano-Iwata, “Polydimethylsiloxane
microfluidic films for in vitro engineering of mesoscale neuronal networks”, 14th International
Symposium on Nanomedicine (ISNM2021), 2021.

S. Sato, S. Moriya, Y. Tamura, T. Kato, Y. Kanke, H. Yamamoto, M. Sakuraba, Y. Horio, Y.
Yuminaka, and J. Madrenas, “Spiking neural network hardware for reservoir computing”, Brain
Inspired Computing: Physics, Architectures, Materials and Applications, 2021.

M. Komiya, R. Yokota, M. Sato, D. Tadaki, H. Yamamoto, Y. Tozawa, M. Niwano, A.
Hirano-Iwata, “Development of a bio-device for the analysis of ion channel activities based on
artificial bilayer lipid membranes”, Pacifichem 2021, 2021.

R. Miyata, D. Tadaki, D. Yamaura, S. Araki, M. Sato, M. Komiya, T. Ma, H. Yamamoto, M.
Niwano, A. Hirano-Iwata, “Solvent-free lipid bilayer microarray for parallel recordings of
transmembrane hERG channel activities”, 2021 International Conference on Solid State Devices
and Materials (SSDM2021), 2021.

B. Vallejo, C. Nader, J. Madrenas, M. Zapata, S. Moriya, S. Sato, “Flexible real-time display of
SNN hardware architecture execution”, The 10th RIEC International Symposium on Brain
Functions and Brain Computer, 2022.
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11.

12.

13.

A2

S. Sato, S. Moriya, S. Ono, Y. Kanke, H. Yamamoto, Y. Horio, Y. Yuminaka, J. Madrenas,
“Spiking neuron circuit and efficient CMOS reservoir computing”, The 10th RIEC International
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AARZ2—=F IRy bDT—=9 ) HFN—DHFE

Chaotic neural network reservoir

ARSI TN A T IV AZHEONAA=Z2—F NV Ry NT—7 U N—%H 1
7V 7 REEHFAUCL Y 2= —TF VY NT—F 2 CRET HHIEEREL
7=, Z#V% . Through Silicon Via & Micro Bump % V7= 3 OuHEE LSI O ERET » 7 &
LCHEELEORMELZFERCTHER LI, SDICFERY MU —27 2R LT RFO R %
O N N S e S/ L 2 i A B

We implemented a proof-of-concept chip for a cyclic-updating chaotic neural network
reservoir (CNNR) integrated circuit using TSV// lbump three-dimensional stacked
IC technology. The experimental results from the chip confirmed the validity and

efficiency of the proposed technique. We also developed a full circuit level emulator
based on the measurement results to evaluate learning CNNR networks.

AEVFPAZIRZa—0OVEEVVFT TRATNA RAOBEBETIILOREFE
Matematical models of neuron-like and synapse-like spintronics devices

INFETICRE L, AT AT I 7 RAZESS AV VHLE MLy =2 —a VT A
AABIOVT T ATHET AN ZAOKBEET VA, EHERIRKE L THERET DI
VBB LVET VL BRIy NI 2R T HIDICHVWS Ry T —
7 LV ET LSRR LT,

We improved our mathematical model of neuron-like and synapse-like spintronics
devices to be applicable to integrated circuit and learning neural network designs.
Some novel spintronics-based neural networks were proposed using the improved
model.

JHNR—Za2—FILxy bT—=9DF T4 VEBRICET MR

Online learning rule for reservoir neural networks

VP NR—=a—F )Ry NT—7 ZRERTEBNFEE S04 T 14 58
Hl% 6 FREEIER L, TOAMMEEZ T I 2 b—1 3 T L el - FEf L 7=,

We proposed six online learning algorithms for real-time additional learning of

reservoir neural networks. Performances of these algorithms were compared
through simulations on discrete word recognition tasks.

AFRZa—=FNWFy bT—=D JHFN—DINFA—2FEHIET MR

Parameters design of chaotic neural network reservoirs

NAAZ 2= Fy bV =27 UPFAA—DRFPTRGEERE (RgtE) N7 A =2l
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We clarified the effects of local memory (refractoriness) inside the neuron, and the
maximum gain of the neuronal output function in the CNNR on word recognition
performance through simulations. As a result, we found that suitable exponential
decay of the internal state improves the performance.
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Bl REYFAZ=ZH R (RREH)
Spintronics
(S. Fukami)

AEY FAZH RIZEHT MK

Spintronics

ERFOAE S EEMOEBELEoTCE TRV —OoEMERAE fr=7 R
FLOEBZDI LT, BEBIERCHEEDE BT A VBG4, ROZELL EZF]
LA EEM B, BTllA Y Y be =7 AF ORI T 28 217> T\
b. Flo, EHEERIKHEEE DO AT TN AL ZIUT L > THHEE L 72 58T LW i BiE
FEFEIE S L OMHFRBERE S 2T A% AEUYMEEZHWTIHEBTHZ L2 BEE LT,
T DHAEEAINZ 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 FOZY RIZET %R

Spintronics
ARy B Y T EREERWE ALY b =7 ZAPEROEEOIERL, 2 v HHE
PEOFHM & B,

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

2) ERMIMEKE T DMERFICAICET SR
Magnetic metal functional devices and their application
W7z 2 ey b v =27 AFFIERE LOR AN TR OB, BRIz e
Fu =27 ZGF ORI, £ L TAEY Y br =27 ZFZF 28 L7242 OFERER
HAIEZED TV D,
Development of wultrasmall 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) FIRHMEMBMRUVZEDFT / ATOBEOYIELISAICEY 5%

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

SREEMENR & BB RMERR IR 722 & & ALA B DT LWETT /3 2D IERERIFE A
IT>TW5,
Exploration of novel electron devices based on new magnetic structures is being carried out.

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

s N RS MTHFE O EMEE(EZTT> T 5,
Development of high-performance magnetic tunnel junctions (MTJs) consisting of
ferromagnetic metal electrodes is being carried out.

5) EBRAEY FOZH AT/, ADRH

Metal-based spintronics devices

W72 & /AR A Y b= A7 ZAOMERE Z ORERIET, A AFY Yy
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v 7 BRI 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 MILY L REERF DR

Spin torque memory and logic devices

KEEIALBENCENT T2 A V7 AL ERIZE T D92 24T > T\ B,

Characterizing spin torque switching toward reduction of writing power is being carried out.
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Novel millimeter-wave and terahertz-wave integrated microelectronic devices
WE TSRS OE M&%WT%% VI« 7T~V (BT UK) H OB A B,
FRT 272012, RERTEMET 28 LWEFT A ZB L OEIE S AT LAORIH & |
%ﬂ%®%$@h T AT DD HIZE T 2 HFERE 21T > TV D, H—I,
%%“TE§A%L (ZHRIT D LT T X' G L D B LW ENEREIS I L
é%f"ﬂ‘”@ At — L M7 T BRI AR BT S A X OMFFERTE & 6 T
WD, BT NA R JFT A AR OEWERR % FRFIC TR T 57 L —2 A—L
LTHEALTWD, H IS, Y7 EEEBICRIE LTARR T T T XF » O 2t
BFHICHIE D Z LI iof IR DIE SIS RE & BT IHI2 70T T~V i A F
<7 VT B AT AORIZIRYAAATND, HEIS, bk 77 7= (B
7775748 #HOCEHERET 7~y L—HF—72 5 ONNTHBREE N7 > A XD
PR ZHEEL T D, 6T, IO MRREHOBT m— R RTF A 2 - [ %
IS LT, E O E 0 B RO T D ORI 23R OBR A 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.
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Electronic properties of nanostructures and device applications
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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.
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Science, Online, Oct. 27, 2021.

T. Abe, T. Kitada, N. Ito, T. Tanaka, K. Nakahara, and T. Otsuka, “Channel length dependence of
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Materials Science and Spintronics, and International Joint Graduate Program in Materials
Science, Online, Oct. 27, 2021.
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Nano-Bio Hybrid Molecular Devices
(A. Hirano-lwata)

ATHIRRIZE DS TN RORFELICAIZET 5#%
Development of artificial cell membrane sensors and their medical applications
N LHNS M E AL U, i MR EOmBEA 7 ) —= 7ELE LTO
JSHZBRL TV,
We are aiming to reconstitute artificial cell membrane structures as a platform for
high-throughput screening of new drug candidates.
NAF - BEMBHIEDICEF - 170 TA RADEIRLICET 5H%
Construction of electronic and ionic devices based on bio and organic materials
K A TIE DTS 2 79 5 7 /3 A 2 DV 2 OB O REAT 2 18
LT, FHREF - AT T A ZDRIZE B L TV,
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.
EEEHFMEEEAO - ATHZERAICET S80%E
Construction of artificial neuronal networks based on cultured neurons
SERON T AT BTS2 & T 2 RO R T & LT 7y A7
LDORIKZ BHE L TV,
We are investigating construction of a brain model system by utilizing living neuronal cells as
fundamental elements.
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generation”, Langmuir, 37, 9883-9891 (2021).
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“Application of neural network based regression model to gas concentration analysis of TiO;
nanotube-type gas sensors”, Sens. Act. B: Chemical, 361, 131732 (2022).
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H. Yamamoto, T. Sumi, S. Sato, A. Hirano-Iwata, “Ultrasoft silicone elastomer as a biomimetic

scaffold for neuronal cultures”, European Materials Research Society (E-MRS) 2021 Spring
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“Electrical characteristics of single-electron transistors made by dielectrophoresis of gold

nanoparticles with different diameters”, 34th International Microprocesses and Nanotechnology
Conference (MNC 2021), Online, October 26, 2021.
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A. Hirano-Iwata, “Lateral voltage as a new input for artificial lipid bilayer systems”, Next
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