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Highlights of Research in FY2019
FaRRAFZEER & FIFAF R E OB FTFE DO ERREDONA T4 F 2L LET,
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Nano Integration

® F/MBET/INAR - TOER (EHEEH - BEBK - ILAKER)

Nano-Integration Devices and Processing (S. Sato, M. Sakuraba, and H. Yamamoto)
(1) WEFHEN— Ry =7 ORRBEZER L LT, SRR SNV ZZF/E L, BIREE 1V TEE
THEANRA X = a—a  EROREET> 7. BRKERETEHIETS MOS 7 P27 40
EFREE TR S 57 7 1/ MOS EBIRRAS RAFHZEINEY 5 Z L 2BXMEIC LV B L7z,

(2) 7/ A—bNVEEDOE B EE Si HEEHERE Z L IE RAVX —Ar 77 AR EITO 2 LTk
D BRIEMLRE 75% % THWE IS Z LICRII L, ERIEMENT oK p B Si IR Z
EHR L=,

(G)SIC va v hF—nNY 7 F A F— FEYES BB ARREIT B = LICk V. ZORFKEES SR
DHEBBI KT LTRE ERTHDHREHB L, 0K SIC /R RMICET 5 @ %
WETE B L ERALMC LI,

(4) EIEHEICHFET2MREL A7 ARRRINEROERIZRIETHELALNCT 5720, Y
PR—a L Ea—T 4 I L) EEHBMNEZFEITL.TI46 EF T — 7y NOIEZERNLE DM
FEAFM L7, —MRIZ/ A ARLEFOELSEIIH L TEV AR MEEZAETHIEINSEV 2
F—Fy b= &V NR—L LTHY, 90%LIEDEERZER LT,

(5) MRHBEDOFEZERH L - EFEAREET LB T, B~y 7 - K~y 7FBRFICETR
FEANfafn T AR AEEI I 2L —2a il THRIEL., ZOBESBNREFF (T I XITH
ETAHALOTHAZEFHLNI L,

(1) Toward the development of neuromorphic computation hardware, we fabricated a spiking neuron circuit
that can reproduce various neuron pulses. We confirmed by electrical measurements that the analog MOS
circuit, which is composed of about 40 MOS ftransistors, successfully operates in the strong inversion
region.

(2) By low-energy Ar plasma irradiation at every nanometer-thick deposition of high B concentration Si
film, electrical activation ratio can be improved to 75% successfully, and low-resistive p-type Si film
formation without substrate heating can be realized.

(3) By development of fabrication process of SiC Schottky barrier diode, significant modulation effect in
the rectifying characteristics which was dependent on metal work function was confirmed. and it was
clarified that information on SiC crystal defect could be estimated from the characteristics.

(4) To investigate the effect of network structure-derived neural dynamics on time-series information
processing, speech recognition task was performed by reservoir computing and its performance was
evaluated from the correctness of the TI-46 sound dataset. Modular networks which generally possess
robustness to noise and device variations, were used as reservoirs and achieved over 90% correct answer
rate.

(5) We studied by numerical simulations on the saturation behavior in quantum Hebb / anti-Hebb learning
with our quantum associative memory model, which is inspired by neuromorphic computation, and
confirmed that this behavior is originated from quantum dynamics.
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Soft Computing Integrated System (Y. Horio)
(1) BAPBELIEAAA=2—F Ny hT—27 UHFNR—% BERFITH, TER#%2EITEH
L. TOEIEZHERTIH LI, R NIV XA FITRENVT S ) 7RI ML, KfET
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BIedODAE—Y—T A7V v 7RIEREZRE L., EBEEREEZZE L@ X
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BROBRICEREINT-FHFBRBIZOVWT, 4TI A0BAE = b o B —0BRN L Z Ofig
AT,

(1) We confirmed the ability of the proposed chaotic network reservoir using time-series prediction and
speech recognition. We also analyzed dynamics of the chaotic neural network reservoir using entropies,
Lyapunov spectrum, and mutual information. In addition, we proposed an interleave-cyclic circuit
architecture to embed the reservoir networks in a 3D VLSI.

(2) We proposed compact mathematical models for neuron-like and synapse-like spintronics devices based
on the temperature dynamics. We tuned the model parameters using experimental data, and showed that our
model can well reproduce device characteristics and dynamics. In addition, we confirmed through network
simulations using our models that the spintronics synapse-like device can be used in a STDP learning
neural network.

(3) We proposed an efficient method to implement small and high-speed cryptographic hardware based on
the augmented Lorenz-map, and validated it using FPGA experiments. Furthermore, we investigated the
performance and dynamics of the hardware system with truncated bit-lengths.

ZAEY hOZH R EMEHEEE

Spintronics and Information Technology

® XErrO=Z/R (RREH)
Spintronics (S. Fukami)
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BREh 2 EiE LTz, (7) /> 2V =7 REABEME MnsSn DO £ % % & v VR T O TR
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Our research activities focus on realizing low-power functional spintronic devices. The outcomes in the
last fiscal year are as follows: (1) Developing artificial neuron and synapse devices based on
antiferromagnet/ferromagnet heterostructure operated by spin-orbit torque, (2) putting forward a scheme to
reliably determine spin-orbit torque efficiency by means of ferromagnetic resonance free from spurious
effects, (3) developing new-concept spintronics that utilizes thermal fluctuation and demonstrating
proof-of-concept of probabilistic bit that has compatibility with quantum bit and probabilistic computers
that functions like quantum annealing machine, (4) measuring spin-transfer torque switching error rate
systematically and revealing unknown mechanism that governs the spin-transfer torque switching error rate,
(5) finding giant perpendicular magnetic anisotropy of Ir/Co/Pt multilayer and elucidating underlying
mechanism, (6) developing synthetic antiferromagnetically coupled skyrmions and demonstrating
current-induced motion without the skyrmion Hall effect which has been one of the biggest obstacle of
applications of magnetic skyrmions, (7) preparing successfully epitaxial thin films of noncollinear
antiferromagnet Mns;Sn and clarifying the relationship between the spin transport properties and crystalline
structure, (8) evaluating spin-orbit torque in PtMn/CoFeB heterostructures as a function of stack structure
and temperature and discussing the underlying mechanism of the generation of spin-orbit torque in this
material system.

® BJo— KU FEEBLR (BitZHk— kHkm)

Ultra-Broadband Signal Processing (T.Otsuji and A. Satou)

AFFRETIL, WEIERBAHRLEREERTHAIVE - T I~V EHEOEMZ B L.
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Lo T HROERUIVE - T 7~V YEETFT A ALER VAT AORIHEZBEEL TN
BT, ENLEGH LcBEEEREE AT A0K 0 fé@tb@%ﬁ-#%Hv/ﬁﬁm
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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 2019FSY.

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 dc-channel
current flow.

2. Development of plasmonic THz detectors

For future ultrahigh-speed wireless communications, we have developed plasmonic THz 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 experimentally demonstrated that the photovoltage readout from the gate electrode of a
plasmonic terahertz detector, instead of the conventional drain-readout, enables the impedance matching to
a 50-Q interconnection systems and the scaling of the photovoltage with the size of the active area, both of
which are impossible for the drain-readout.

® BFF/ 14X (KIZRAK)
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 2019 are the following.

(1) We developed the local electronic sensors which can directly access local electronic states in
nanostructures utilizing semiconductor quantum dots. We improved the performance by high-frequency
measurement techniques and data informatics approaches.

(2) We measured local electronic and spin states in semiconductor nanostructures. We revealed the detail of
local charge and spin dynamics induced by the movement of a single electron.

(3) We conducted semiconductor quantum bit experiments for future quantum information processing. We
demonstrated a reduction of nuclear-spin effects on quantum bit operations, simulations of quantum error
corrections, and quantum non-demolition measurements.

T/ - N ABERFT /A AR R E RS

Nano-Bio Hybrid Molecular Devices

® T/ - INAARESFTNAR (FHES)
Nano-Bio Hybrid Molecular Devices (A. Hirano-lwata)
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Soft Matter <> Advanced Biosystems 7z K12 H3E L7,

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. Development of a biosensor for evaluating drug side-effects on hERG channels based on artificial
bilayer lipid membranes
We developed a biosensor for quantitatively evaluating drug side-effects on hERG channels, to which
binding of drugs leads to lethal arrhythmia. The biosensor utilized a bilayer lipid membrane (BLM)
combined with a cell-free synthesized proteins. Using this system, we succeeded in quantifying drug
inhibition effects on the hERG channels in terms of 50% inhibitory concentration.

2. Novel “transistor-like” devices based on a bio/organic hybrid membrane

We fabricated an electrode-equipped Si chip, on which a fullerene-derivative-doped BLM was formed.
Using this system, we were able to modulate the photoresponse of the membrane using the lateral bias
applied from the electrodes on Si chip.

3. Biomimetic culture of primary neurons using an ultrasoft silicone gel

We developed a novel system for culturing primary neurons on an ultrasoft silicone gel with an elastic
modulus resembling that of the brain tissue. We showed that the hypersynchronous network activity could
be suppressed on the gel surface.
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Global Activities

4—1 @%%ﬁﬁf% COE of International Research Collaboration
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Academic Exchange Programs

[HP-Innovations for High Performance Microelectronics, Germany
Berlin Institute of Technology, Germany

The Interdisciplinary Center on Nanoscience of Marseille, CNRS, France
University of Vigo, Spain

University of Salamanca, Spain

The University of Kaiserslautern, Germany

Johannes Gutenberg University Mainz, Germany

University of Regensburg, Germany

Institute of Physics, Polish Academy of Sciences, Poland

Bauman Moscow State Technical University, Russia

Singapore Spintronics Consortium, Singapore

Institute of Semiconductors, Chinese Academy of Sciences, China
University of California, Santa Barbara (UCSB), USA

Purdue University, USA

Harvard University, USA

Moscow State University, Russia
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International Symposium Held in LNS,RIEC

RIEC Symposium on Spintronics
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3 - 20074E108318-11818 48 : 200851089-108

5[ - 20094E10H22-238 E6E : 2010828 5-68
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90 : 20124E5H8318H-682H H10E : 2013F1815-168
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130 : 20155115 18-208 %14 : 2016118 17-198 D
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$17E :2019%1283-68
International Workshop on Nanostructure & Nanoelectronics
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9@ : 20184E38 1-28 #10[E : 2019F386-78

RIEC-CNSI Workshop on Nano & Nanoelectronics, Spintronics
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Al F/&ERTNNAR - TotwRX (EEE# - BERX - ILEZEKHA)

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

1. BEHEN—FD7ICET AR
Brain computing hardware
AL E B D ERICMIT T, BMEFHERT A ZADOBF L 2 oEmEEEEREN. R
PRI B D T 1 N & A S HONWTHFFEEZIT-> TV 5,
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. WEEHHERAEFHRET NS RIETIHR

Intelligent quantum device for brain computing

MBUGHE L B FRITE LS LEBOMEL ERTL70D, BAV U OBEERZFIM L
7o, BF=a—unlRFL LTBSAMET A R LEZDOHET LI Y XAZHOWTHFE
ZiT-oTW5,

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. BEEIVEFEAIEZXDvILREO-OOEBEEEIRFENRTSXICVD 7Ot
AT SR
Low-damage plasma CVD process without substrate heating for epitaxial growth of highly
strained group IV semiconductors

F A=A —FEIORBERTF~T o ELEBRTH720I0, []RFA—F THEHE)
DRI~ T o REE AT HEEE IV FRFEEFEEEONT o= B F F v VREIZD
WTHFZEL TV 5,

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. IVEFERBEEEFATOEEOBRBEILTIOLRICET SR
Large-scale integration process of group IV semiconductor quantum heterostructures
IV R ETRT /A 2D Si BREEEA~OHFRE KRBT 57012, IV RFEEER
EERF~TulEORERELT o AL EF~T 0t/ T30 ZA8UE - mERE(kic o
WTHIZEL TV %,
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. WM IREZAV-EEREEEROMEETEICEYT SR
Bioengineering technologies for manipulating neuronal network functions
PR [E] 3% 0> FERARA T 7 /LS8 D AIRIC M) T, R EIRE OHhE L HREZ Hl#E 4 5 /o
D DREHAIMN TEHTIC OV THREIT> 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. MRy FO—0DOHEBETIVIZEAT MR

Computational modeling of neuronal networks

ZHaR v U —7 EOFRAEOEAE L THEMAE B L, MiRMEERE O B RIEE,
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ATGE ., (ERAER % R 3 2 EVRFEN LB ET MOV TIFEZ1T-> T 5,

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.

(EFAHRX]

1.
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in Cultured Cortical Neurons using an Ultrasoft Silicone Scaffold”, Soft Matter, vol. 16, pp.
3195-3202, 2020.
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M. Sakuraba and S. Sato, “Low-Energy Plasma Enhanced Chemical Vapor Deposition and
In-Situ Doping for Junction Formation in Group-IV Semiconductor Devices” (Invited Talk),
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S. Sato, Y. Tamura, S. Moriya, T. Kato, M. Sakuraba, Y. Horio, J. Madrenas, “A spiking neuron
MOS circuit for low-power neuromorphic computation,” Proc. 2019 International Symposium
on Nonlinear Theory and Its Applications (NOLTA 2019, Kuala Lumpur, Malaysia, Dec. 2-6,
2019), p. 80, 2019.

S. Moriya, H. Yamamoto, Z. Chen, K. Wakimura, A. Hirano-Iwata, S. Kubota, S. Satfo,
“Time-series information processing in cultured neuronal network models”, Proc. 2019
International Symposium on Nonlinear Theory and Its Applications (NOLTA 2019, Kuala
Lumpur, Malaysia, Dec. 2-6, 2019), pp. 86-88, 2019.

S. Moriya, H. Yamamoto, A. Hirano-Iwata, S. Kubota, S. Sato, “Reservoir computing
application of cultured neuronal network models”, International Workshop of Emerging
Technologies for Brainware LSI and its Applications (Honolulu, USA, Dec. 13-14, 2019), S2-2,
2019.

S. Sato, Y. Tamura, S. Moriya, T. Kato, H. Yamamoto, M. Sakuraba, Y. Horio, J. Madrenas,
“Analog neuron circuit for edge computing,” The 8th RIEC International Symposium on Brain
Functions and Brain Computer (Sendai, Japan, Feb. 13-15, 2020), SS1-1, 2020.

J. Madrenas, M. Zapata, J. A. Oltra, B. Vallejo, S. Moriya, S. Sato, “Design flow for
SIMD-based hardware implementation of spiking neural networks”, The 8th RIEC International
Symposium on Brain Functions and Brain Computer (Sendai, Japan, Feb. 13-15, 2020), GS1-1,
2020.

H. Yamamoto, K. Wakimura, Z. Chen, T. Sumi, T. Takemuro, A. Hirano-Iwata, S. Sato,
“Biointerface Engineering Technologies for Manipulating Neuronal Network Functions in
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16.

17.

18.

19.

Culture”, The 8th RIEC International Symposium on Brain Functions and Brain Computer
(Sendai, Japan, Feb. 13-15, 2020), GS4-3, 2020.

H. Yamamoto, K. Wakimura, Z. Chen, T. Sumi, T. Takemuro, A. Hirano-Iwata, S. Sato,
“Biointerface Engineering Technologies for Manipulating Neuronal Network Functions in
Culture”, The 8th RIEC International Symposium on Brain Functions and Brain Computer
(Sendai, Japan, Feb. 13-15, 2020), GS4-3, 2020.

K. Hattori, K. Sato, H. Takahashi, T. Hayakawa, S. Oguma, M. Ishida, H. Yamamoto, A.
Hirano-Iwata, T. Tanii, “An Experimental Study on the Spontaneous Firing of Single Isolated
Neurons in Autaptic Culture using Micropatterned Substrates”, The 8th RIEC International
Symposium on Brain Functions and Brain Computer (Sendai, Japan, Feb. 13-15, 2020), P-8,
2020.

J. Imai, K. Hattori, H. Kurakake, T. Hashimoto, K. Sato, H. Takahashi, S. Oguma, M. Ishida, H.
Yamamoto, A. Hirano-Iwata, T. Tanii, “Stimulation of Micropatterned Neurons with a Pair of
Needle Electrodes and the Activity Measurement”, The 8th RIEC International Symposium on
Brain Functions and Brain Computer (Sendai, Japan, Feb. 13-15, 2020), P-9, 2020.

K. Wakimura, H. Yamamoto, K. Ide, A. Hirano-Iwata, “Controlling Synchronized Bursting
Activity of Micropatterned Cortical Cultures by Electrical Field Noise”, The 8th RIEC
International Symposium on Brain Functions and Brain Computer (Sendai, Japan, Feb. 13-15,
2020), P-10, 2020.

T. Sumi, H. Yamamoto, A. Hirano-Iwata, “Soft Scaffolds Suppress Hypersynchronous Network
Activity in Cultured Cortical Neurons”, The 8th RIEC International Symposium on Brain
Functions and Brain Computer (Sendai, Japan, Feb. 13-15, 2020), P-11, 2020.

T. Takemuro, H. Yamamoto, K. Wakimura, S. Sato, A. Hirano-Iwata, “Patterning Neuronal
Networks in Modular Structure using Thin PDMS Microfluidics Films™, The 8th RIEC
International Symposium on Brain Functions and Brain Computer (Sendai, Japan, Feb. 13-15,
2020), P-12, 2020.

S. Moriya, H. Yamamoto, Z. Chen, K. Wakimura, A. Hirano-lwata, S. Kubota, S. Sato,
“Computational Modeling of Cultured Neuronal Networks and its Reservoir Computing
Applications”, The 8th RIEC International Symposium on Brain Functions and Brain Computer
(Sendai, Japan, Feb. 13-15, 2020), P-13, 2020.

Y. Tamura, S. Moriya, T. Kato, H. Yamamoto, M. Sakuraba, S. Sato, Y. Horio, J. Madrenas, “LSI
implementation and its evaluation of an Izhikevich neuron model,” The 8th RIEC International
Symposium on Brain Functions and Brain Computer (Sendai, Japan, Feb. 13-15, 2020), P-14,
2020.

Y. Dai, M. Sakuraba, S. Sato, “Reservoir network of biologically-plausible structure on pattern
recognition,” The 8th RIEC International Symposium on Brain Functions and Brain Computer
(Sendai, Japan, Feb. 13-15, 2020), P-15, 2020.

VI2bAVEL—TFTA VITERVRATL BEEE)
Soft Computing Integrated System (Y. Horio)

AFRZa—=F L%y bT=0 UHFN—DHR

Chaotic neural network reservoir

BAPRBLIEAARA=2 =TV y NT—=2 UPFR—% BERIITH, FFEHRE
ISR L. Z0OEIEEZHRBTDE®IC, XYy NIV—2FAFIT A2 VT T ) T AX
7 hv, By bt — MAFREZR S ZHAVWTEHE - i L7z, Sbiz, ZThz
SRITERBERICEET H2ODA L F—V—T - A7 Y vy 7 REREEZREL. W
EIRRFEEZ BB L@ mIc X 2RBRICLY . TORLEEZHRE LI

We confirmed the ability of the proposed chaotic network reservoir using time-series prediction
and speech recognition. We also analyzed dynamics of the chaotic neural network reservoir
using entropies, Lyapunov spectrum, and mutual information. In addition, we proposed an
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=)

interleave-cyclic circuit architecture to embed the reservoir networks in a 3D VLSL

RAEY FAZIRZa—0OVB LUV FTTRAT NS AOBEETILORS
Matematical models of neuron-like and synapse-like spintronics devices

AEVEE MV =2 —a U BRT N AB XYV T ATHRT N A& AT STDP A
RAX L T ma—F Ry NT—I =K =T 2HETEHD, ZHHDT A AD
a7 NRERETNVE, T RABEX A FI 7 AERAWTERR L, EbiT, E
BIZ L AMEBE AN NRTA—=EF 2a—=2 7 21T, ERERLZBE<BHRTESZ
EMER LT, £, BRELIZHEEET NV EHWE STDP R — B Xy hU—7 D
Vial—vavil&ih, VFTARTNAA ADFEE =2 —INVRy b U—IFRFLL
TORDMEER LI,

We proposed compact mathematical models for neuron-like and synapse-like spintronics devices
based on the temperature dynamics. We tuned the model parameters using experimental data, and
showed that our model can well reproduce device characteristics and dynamics. In addition, we

confirmed through network simulations using our models that the spintronics synapse-like device
can be used in a STDP learning neural network.

BRITAFARX M) —LESICEYT R

High-dimensional chaotic stream cryptography

BMIRTTH A AL AT I AOBEMEMEEZTER LI-REMERE BT A A2 EET L0,
ke — L Y B E AWM - @EEBERN— R =7 OMEFEZREL.
FPGA |2 X 2 EEERICL VREFIEOAIMEZHA L, 6, By FRIZHTD
B IELSAE M RE DRI EBR OIRIC R R SN HEHFBRRIZOWT, FAFI7 ZA0BR
Lx v b uE—DBHENDE DR ZRARI,

We proposed an efficient method to implement small and high-speed cryptographic hardware
based on the augmented Lorenz-map, and validated it using FPGA experiments. Furthermore, we
investigated the performance and dynamics of the hardware system with truncated bit-lengths.

[EFR]
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978-3-030-10891-5, Chapter 5, pp. 36-43, DOI: 10.1007/987-3-030-10892-2_5, 2019.
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network,” in Proc. NOLTA, pp. 81-84, 2019.

K. Miyauchi, Y. Horio, T. Miyano, and K. Cho, “Design method for nonlinear LUT in
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444-447,2019.

S. Sato, Y. Tamura, S. Moriya, T. Kato, M. Sakuraba, Y. Horio, and J. Madrenas, “A spiking
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neuron MOS circuit for low-power neuromorphic computation,” in in Proc. NOLTA, p. 80, 2019.
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Spintronics
(S. Fukami)

ZAFY FOZHS RIZBEETAHE

Spintronics

EEFORAL EEHOBHEZESTZHEZRAX—NOGBERAY  fa=7 X
FTOERZDI LT, ERBERSHIBEDEICBIT A AL VEE, RUENRD ZF]
A LUEFRA C U EEME, FifAE Y ho=7 2R FORIRIZET 282 1T> T
BHe F7-. EHEEEBEEEIDAFY T AL R EFNIZL > THEEE 72 58T L\ \inEREE
FEERE L OIS EENE L 2T L%, AV AAWCTERTAZLLZBEEL LT,
F ORI T 5,

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.

) REVFOZYRICET %R

Spintronics

ARy B Y s TEREERANWEAY Y b= AMEROEEOIER, X v HKED
P DR & HE,

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

2) ERHEMER ETDOHERFICAICET 4R
Magnetic metal functional devices and their application
20 nm U FOAE Y br=7 ZARTERB LORFMLTEATOBZE. 1ER L 7-H#
Ay br=7 ARFORMEE. £ L TAEY Y b= ARFFEZFHHLIEL D
ERERRFELED TV D,

Development of spintronic devices with the size of less than 20 nm 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) FHHEUEMERUOEFOS / ATOEEOYHLICHAICET 53R
Properties and application of new-class magnetic materials and their nanoheterostructures
SRRBEME(R L B R OME R R e LR BB DR T LWETFT /3 X DRI %
fToTW3%,
Exploration of novel electron devices based on new magnetic structures is being carried out.

4) BHEA U RIVEKIERRFORRE
Magnetic tunnel junctions with high output voltage
BER b RANVEAEMTHR T OEERELEZTT> TV 5,
Development of high-performance magnetic tunnel junctions (MTJs) consisting of
ferromagnetic metal electrodes is being carried out.

5) EBRAEY FOZI X T/IA ADFAK

Metal-based spintronics devices
MR EBRAE Y hu=27 ZAF (4 AOERLE Z Ol A 2E)ny
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v 7 BEARBEREEZIT> TV 5,
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) R EEARIL RERTF DR

Spin transfer torque memory and logic devices

EEZALBAICANT 72 A U EABHURERIZ BT 2BFE 21T T\ %,
Characterizing spin transfer torque switching toward reduction of writing power is being
carried out.
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Ultra-Broadband Signal Processing
(T. Otsuji and A. Satou)
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Novel millimeter-wave and terahertz-wave integrated microelectronic devices
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We are developing novel, integrated electron devices and circuit systems operating in the
millimeter-wave and terahertz regions. One example is the frequency-tunable plasmon-resonant
terahertz emitters, detectors, and modulators. Another example is unique electromagnetic
metamaterial circuit systems based on optoelectronic dispersion control of low-dimensional
plasmons. We are also pursuing graphene-based new materials to create new types of terahertz
lasers and ultrafast transistors, breaking through the limit on conventional fransistor/laser
operation. By making full use of these world-leading device/circuit technologies, we are
exploring future ultra-broadband  wireless communication systems as well as
spectroscopic/imaging systems for safety and security.
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(1 page), Hanwha Resorts Haeundae Tivoli, Busan, Korea, Sept. 30-Oct. 3, 2019.

T. Hosotani, T. Watanabe, A. Satou, and T. Otsuji, "Terahertz emission from an asymmetric
dual-grating-gate InGaAs high-electron-mobility transistor stimulated by plasmonic boom
instability," IRMMW-THz2019: International Conference on Infrared, Millimeter, and Terahertz
Waves Abstracts Book, Th-AM-6-3 (3 pages), Paris, France, Sept. 2-6, 2019.

S. Manabe, T. Otsuji, and A. Satou, "Optical-to-THz frequency down-conversion utilizing
two-dimensional plasmons," IRMMW-THz2019: International Conference on Infrared,
Millimeter, and Terahertz Waves Abstracts Book, We-PM2-3-2 (3 pages), Paris, France, Sept.
2-6,2019.

J. A. Delgado Notario, V. Clerico, E. Diez, J. E. Velazquez Perez, T. Otsuji, and Y. M. Meziani,
"Asymmetric dual grating gate graphene-based THz detectors,” IRMMW-THz2019:
International Conference on Infrared, Millimeter, and Terahertz Waves Abstracts Book,
We-AM-6-5 (3 pages), Paris, France, Sept. 2-6, 2019.

K. Nishimura, Y. Omori, T. Hosotani, T. Suemitsu, K. Iwatsuki, T. Otsuji, and A. Satou,
"Photonic Double-Mixing by UTC-PD-Integrated-HEMT for Optical to MMW Carrier
Frequency Down-Conversion," TWHM2019: 13th Topical Workshop on Heterostructure
Microelectronics Abstracts Book, 6.6-2 (2 pages), Hotel Grand Terrace Toyama, Toyama, Japan,
Aug. 26-29, 2019.

T. Watanabe, D. Yadav, S. Boubanga-Tombet, A. Satou, A. A. Dubinov, V. Ryzhii, and T. Otsuji,
"Graphene-based van der Waals heterostructures towards a new type of terahertz
quantum-cascade lasers," SPIE OPTICS+ Phootnics, Conf. OP412: Terahertz Emitters,
Receivers, and Applications X, San Diego Convention Center, San Diego, CA, USA, Aug.
11-15, 2019. (invited); Proc. SPIE, vol. 11124, pp. 1112406-1-7, Sept. 2019. (invited)

S. Boubanga-Tombet, D. Yadav, A. Satou, W. Knap, V.V. Popov, and T. Otsuji, "Current-driven
plasmonic instability in graphene metasurfaces for terahertz applications," AES2019: the 7th
Advanced Electromagnetics Symposium, 1A6-1, Lisbon, Portugal, July 23-26, 2019. (invited)

S. Boubanga-Tombet, D. Yadav, A. Satou, W. Knap, V. V. Popov, and T. Otsuji, "Current-driven
plasmonic instability in graphene metasurfaces for terahertz applications," META2019: the 10th
International Conference on Metamaterials, Photonic Crystals and Plasmonics, 2A36-6, Lisbon,
Portugal, July 23-26, 2019. (invited)

V. Ryzhii, T. Otsuji, and M. S. Shur, "Graphene-black Phosphorus/Arsenic heterostructures for
novel terahertz and infrared devices," METANANO2019: 9th International Conference on
Metamaterials and Nanophotonics, St. Petersburg, Russia, July 15-19, 2019. (keynote)

V. Ryzhii, T. Otsuji, M. Ryzhii, V. Leiman, V. E. Karasik, D. Ponomarev, P. P. Matsev, V. Mitin,
and M. S. Shur, "Graphene/black AsxP1-x heterostructures for terahertz and Infrared devices,"
RJUSE2019: 8th Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems
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20.

21.

22.

23.

24,

23.

26.

27.

28.

29.

of Terahertz Devices & Technologies, & GDR-I FIR-LAB Workshop, Wed-1-1, Nizhny
Novgorod, Russia, July 8-11, 2019. (plenary)

T. Otsuji, D. Yadav, S. Boubanga-Tombet, T. Watanabe, A. A. Dubinov, and V. Ryzhii,
"Graphene-based van der Waals heterostructures towards a new type of terahertz
quantum-cascade lasers,” RJUSE2019: 8th Russia-Japan-USA-Europe Symposium on
Fundamental & Applied Problems of Terahertz Devices & Technologies, & GDR-I FIR-LAB
Workshop, Tu-1-1, Nizhny Novgorod, Russia, July 8-11, 2019. (plenary)

K. Nishimura, Y. Omori, T. Hosotani, T. Suemitsu, K. Iwatsuki, T. Otsuji, and A. Satou,
"Integration of UTC-PD structure with InGaAs HEMT for optical-to-wireless carrier frequency
down-conversion," RJUSE2019: 8th Russia-Japan-USA-Europe Symposium on Fundamental &
Applied Problems of Terahertz Devices & Technologies, & GDR-I FIR-LAB Workshop, P-6,
Nizhny Novgorod, Russia, July 8-11, 2019.

V. V. Utochkin, S. V. Morozov, M. A. Fadeev, V. V. Rumyantsev, N. N. Mikhailov, S. A.
Dvoretsky, T. Komiyama, T. Watanabe, H. Fukidome, A. Satou, and T. Otsuj, "Terahertz
photoluminescence from narrow gap HgTe/CdHgTe heterostructures and multilayer graphene,"
RJUSE2019: 8th Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems
of Terahertz Devices & Technologies, & GDR-I FIR-LAB Workshop, P-13, Nizhny Novgorod,
Russia, July 8-11, 2019.

T. Otsuji, "Terahertz current-driven lasing and amplification in graphene-based vdW
heterostructures,"CCMR: 2019 Collaborative Conference on Materials Research, the Kintex,
Goyang Gyeonggi, South Korea, June 3-7, 2019. (invited)

S. Boubanga-Tombet, W. Knap, A. Satou, D. But, V. V. Popov, and T. Otsuji, "Terahertz light
amplification stimulated by current-driven plasmon instability in graphene-channel transistors,"
GSMM: the 12th Global Symposium onMillimeter Waves, Tohoku Univ., Sendai, Japan, May
22-24, 2019. (invited)

Y. Omori, T. Hosotani, T. Otsuji, K. Iwatsuki, and A. Satou, "Optical-to-millimeter-wave carrier
frequency down-conversion by UTC-PD-integrated HEMT," CSW: Compound Semiconductor
Week Dig., WeE2-4 (2 pages), Nara, Japan, May 19-23, 2019.

T. Otsuji, "Terahertz light emission and lasing in current-driven graphene-based 2D nano- and
plasmonic-structures," EuroSciCon Joint Event on Laser Optics, Quantum & Plasma Physics,
Stockholm, Sweden, May 5-10, 2019. (keynote)

P. Padmanabhan, S. Boubanga-Tombet, T. Otsuji, and R. Prasankumar, "Magnetoplasmonic
manipulation of THz transmission and Faraday rotation using graphene micro-ribbon arrays,"
CLEO: Int. Conf. on Lasers and Electro-Optics Dig., SW3F.2 (2 pages), Moscone Center, San
Jose, CA, USA, May 5-10, 2019. DOI: 10.1364/CLEO_SI.2019.SW3F.2

T. Otsuji , S. Boubanga-Tombet, D. Yadav, T. Watanabe, A. Satou, and V. Ryzhii, "Terahertz
light amplification of stimulated emission of radiation in current-injection graphene channel
transistor," SPIE International Conference on Defence+ Commercial Sensing, Conference
10982 on Micro- and Nanotechnology Sensors, Systems, and Applications XI, Baltimore
Convention Center, Baltimore, Maryland, USA, April 14-18, 2019. (invited)

S. Boubanga-Tombet, W. Knap, D. Yadav, A. Satou, D. But, V. V. Popov, and T. Otsuji,
"Terahertz light amplification stimulated by current-driven plasmon instability in grating-gate
graphene transistor structures," FGTC: French-German Terahertz Conference 2019,
Kaiserslautern, Germany, April 2-5, 2019. (invited)
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B3 BFT/NARX (KKK

Quantum Device
(T. Otsuka)

Bk T / mEDOMIERRA L T/ 1 RIEADOHZE

Electronic properties of nanostructures and device applications

B LWMESLE, SEE AR L LT, ATAIC/ERL, Sl L7zE&E T s
BT 2R, BLOT A ZAGHOMREEZED TWD, 7/ A—FVAT—LD
W EET ) EETIIRTHREORFRLMEERENEL, ThoZ2EMRTHZ LI
LV H LOVBEEMET A A Z RIS 2 Z LN TE S, BET) / #ES D RFTEFIRED
BRI KT m B R BN & BRE U e b BT 381 T 5 MR EL S A AR
L. £7@BEF /EicBi) 2B FHMEETER Lg LOREL 731 X085, B%
ZToTW5, CNIZEVEFILY b=/ A0 /=7 ba=/2AE%BLT,
FLWEELE, BEFCAERT 222 BT,

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.

[EFfFwRX]

Il

B

4

T. Nakajima, A. Noiri, K. Kawasaki, J. Yoneda, P. Stano, S. Amaha, T. Otsuka, K. Takeda, M. R.
Delbecq, G. Allison, A. Ludwig, A. D. Wieck, D. Loss, and S. Tarucha, “Coherence of a driven
electron spin qubit actively decoupled from quasistatic noise”, Physical Review X 10, 011060
(2020).

KFEE, [BTT A 2AOEERAERMT—EEEET Ny FRIZBT 2@ AR
WE—], BEFEHE 55, 69 (2020).

C. Baek, T. Otsuka, S. Tarucha, and B. Choi, “Density matrix simulation of quantum error
correction codes for near-term quantum devices”, Quantum Science and Technology 5, 015002
(2020).

T. Nakajima, A. Noiri, J. Yoneda, M. R. Delbecq, P. Stano, T. Otsuka, K. Takeda, S. Amaha, G.
Allison, K. Kawasaki, A. Ludwig, A. D. Wieck, D. Loss, and S. Tarucha, “Quantum
non-demolition measurement of an electron spin qubit”, Nature Nanotechnology 14, 555 (2019).

M. Marx, J. Yoneda, T. Otsuka, K. Takeda, Y. Yamaoka, T. Nakajima, S. Li, A. Noiri, T. Kodera,
and S. Tarucha, “Spin—orbit assisted spin funnels in DC transport through a physically defined
pMOS double quantum dot™, Japanese Journal of Applied Physics 58, SBBIO7 (2019).

[EREERR]
1.

T. Otsuka, T. Nakajima, M. R. Delbecq, P. Stano, S. Amaha, J. Yoneda, K. Takeda, G. Allison, S.
Li, A. Noiri, T. Ito, D. Loss, A. Ludwig, A. D. Wieck, and S. Tarucha, “Measurement and Control
of Single-electron Spins by Utilizing Semiconductor Quantum Dot”, Symposium for The Core
Research Clusters for Materials Science and Spintronics, Sendai, Japan, Feb. 10, 2020 (invited).

T. Abe, T. Kitada, N. Ito, T. Tanaka, K. Nakahara, and T. Otsuka, “Quantum dots formed in GaN
FETs”, Symposium for The Core Research Clusters for Materials Science and Spintronics,
Sendai, Japan, Feb. 10, 2020.

T. Otsuka, T. Nakajima, M. R. Delbecq, P. Stano, S. Amaha, J. Yoneda, K. Takeda, G. Allison, S.
Li, A. Noiri, T. Ito, D. Loss, A. Ludwig, A. D. Wieck, and S. Tarucha, “Spin and Charge
Dynamics in Nanostructures Probed by Quantum Dot Sensors”, New Perspective in Spin
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Conversion Science, Kashiwa, Japan, Feb. 3, 2020.

T. Otsuka, T. Nakajima, M. R. Delbecq, P. Stano, S. Amaha, J. Yoneda, K. Takeda, G. Allison, S.
Li, A. Noiri, T. Ito, D. Loss, A. Ludwig, A. D. Wieck, and S. Tarucha, “Spin Dynamics in
Nanostructures Probed by Quantum Dot Sensors”, Materials Research Meeting 2019, Yokohama,
Japan, Dec. 11, 2019.
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Cl F/ M ABERFTNARX (FHEB)
Nano-Bio Hybrid Molecular Devices
(A. Hirano-lwata)

1. ATHRRICESKTN\A ADOFRFERAICEYT SR

Development of artificial cell membrane sensors and their medical applications

A THY I HRREE 2 M5 L. FEMILE MR EDRBRR I Y —=7HEELTD
ICREZBELTWS,

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

2. NAF - ERMBICESCEF - 1 F 0T34 AORIKICET 58%K

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

B - A TR E W ToHTE 2 795 7 /31 2 DRI Z OB EHAS DR 2 @
LT, FRREF - A AT A ZAORAIREER LTS,

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. HEMBHERZAVAIMEEREICET SIMR

Construction of artificial neuronal networks based on cultured neurons

ERIN THAR 2 BRI A U, A & 7o iR Ml 2 R R T & LI DET VU 2T
LDRIRZ B LT\ %,

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

(EHfFRX]

1. X.Feng, T. Ma, D. Yamaura, D. Tadaki, and A. Hirano-Iwata. “Formation and characterization of
air-stable lipid bilayer membranes incorporated with phthalocyanine molecules”, J. Phys. Chem.
B, 123, 6515-6520 (2019).

2. H. Yamamoto, L. Grob, T. Sumi, K. Oiwa, A. Hirano-Iwata, and B. Wolfrum, “Ultrasoft silicone
gel as a biomimetic passivation layer in inkjet-printed 3D MEA devices”, Adv. Biosys., 3,
1900130 (2019).

3. L. Grob, H. Yamamoto, S. Zips, P. Rinklin, A. Hirano-Iwata, and B. Wolfrum, “Printed 3D
electrode arrays with micrometer-scale lateral resolution for extracellular recording of action
potentials”, Adv. Mater. Technol., 4, 1900517 (2019).

4. M.W.S. Goh, A. Hirano-Iwata, M. Niwano, and R. Tero, “Proteoliposome fusion to artificial lipid
bilayer promoted by domains of polyunsaturated phosphatidylethanolamine”, Jpn. J. Appl. Phys.,
58, SIIB13 (2019).

5. T. Yagai, K. Matsumoto, M. Moriyabashi, M. Moriya, H. Shimada, A. Hirano-Iwata, F. Hirose,
and Y. Mizugaki, “Evaluation of inter-particle distance of gold nanoparticles dispersed on
silane-treated substrates to fabricate dithiol-connected arrays”, Jpn. J. Appl. Phys., 58, SDDF09
(2019).

6. Y. Tomioka, S. Takashima, M. Moriya, H. Shimada, F. Hirose, A. Hirano-Iwata, and Y. Mizugaki,
“Equivalent circuit model modified for free-standing bilayer lipid membranes beyond 1 TQ”, Jpn.
J. Appl. Phys., 58, SDDKO02 (2019).

7. T. Ma, X. Feng, T. Deguchi, T. Ohori, D. Yamaura, R. Miyata, D. Tadaki, M. Komiya, K.
Kanomata, F. Hirose, M. Niwano, and A. Hirano-Iwata, “Modulation of photo-induced
transmembrane currents in a fullerene-doped free-standing lipid bilayer by a lateral bias using a
micro-fabricated Si chip with embedded metal electrodes”, ACS Omega, 4, 18299—18303 (2019).
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8.

10.

11.

12.

S. Moriya, H. Yamamoto, A. Hirano-Iwata, S. Kubota, and S. Sato, “Quantitative analysis of
dynamical complexity in cultured neuronal network models for reservoir computing applications”™,
Proceedings of the 2019 International Joint Conference on Neural Networks (IJCNN) 1-6 (2019).

T. Ma, Y. Kimura, D. Tadaki, A. Hirano-Iwata, and M. Niwano, “In-sifu infrared observation of
photo-decomposition process of organic contaminants on a TiO» nanotube film surface”, J.
Electrochem. Soc., 166, H842—H848 (2019).

Y. Mizugaki, M. Moribayashi, T. Yagai, M. Moriya, H. Shimada, A. Hirano-Iwata, and F. Hirose,
“Dielectrophoretic assembly of gold nanoparticle arrays evaluated in terms of room-temperature
resistance”, IEICE Transactions on Electronics, E103-C, 62—65 (2020).

T. Sumi, H. Yamamoto, A. Hirano-Iwata, “Suppression of hypersynchronous network activity in
cultured cortical neurons using an ultrasoft silicone scaffold”, Soft Matter, 16, 3195-3202 (2020).

Y. Tomioka, S. Takashima, M. Moriya, H. Shimada, F. Hirose, A. Hirano-Iwata, and Y. Mizugaki,
“Capacitance extraction method of a free-standing bilayer lipid membrane formed over an
aperture in a nanofabricated silicon chip”, Jpn. J. Appl. Phys., 59, SIIK02 (2020).

[Eff=ERR]

T. Ma, “Nanostructure modulation and opto-electronics devices”, The 9th Zijin High-Level
Forum for Foreign Young Scholars, Nanjing, China, April 1, 2019.

M.W.S. Goh, A. Hirano-Iwata, M. Niwano, and R. Tero, “Cholestrol-induced microdomains
formation in completely miscible lipid bilayers which promotes the fusion of proteoliposome”,
The 257th American Chemical Society (ACS) National Meeting, Orland, USA, April 4, 2019.

H. Yamamoto and A. Hirano-Iwata, “Engineering the structure and function of neuronal networks
in vitro”, 7th China-Japan Symposium on Nanomedicine, Xi'an, China, May 24-26, 2019.

T. Ma, D. Tadaki, M. Niwano, and A. Hirano-Iwata, “Lateral structure for stable and highly
efficient perovskite photovoltaics™, 2019 E-MRS Spring Meeting, Nice, France, May 28, 2019.

D. Tadaki, S. Yamamiya, T. Ma, Y. Imai, A. Hirano-Iwata, and M. Niwano, “A new approach for
the poling of piezoelectric PVDF thin films using surface chemical modification”, 2019 E-MRS
Spring Meeting, Nice, France, May 30, 2019.

M. Komiya, M. Kato, D. Yamaura, R. Yokota, Y. Tsuneta, M. Sato, D. Tadaki, H. Yamamoto, H.
Inoue, Y. Tozawa, M. Niwano, and A. Hirano-Iwata, “Development of a system for quantitative
evaluation of drug side-effects on hERG channels using artificial bilayer lipid membranes, 10th
International Conference on Molecular Electronics and Bioelectronics (M&BE10), Nara, Japan,
June 25, 2019.

K. Wakimura, H. Yamamoto, K. Ide, and A. Hirano-Iwata, “Acute and transient responses of
cultured cortical networks to electric-field noise”, 10th International Conference on Molecular
Electronics and Bioelectronics (M&BE10), Nara, Japan, June 25, 2019.

D. Tadaki, S. Yamamiya, T. Ma, Y. Imai, A. Hirano-Iwata, and M. Niwano, “A new method for
polarization control of piezoelectric PVDF thin films using surface chemical modification™, 10th
International Conference on Molecular Electronics and Bioelectronics (M&BE10), Nara, Japan,
June 26, 2019.

A. Hirano-Iwata, “Microfabrication methods for investigating ion channel functions”, RSC-Tokyo
International Conference 2019 (RSC-TIC2019), Chiba, Japan, September 5, 2019.

. Y. Tomioka, S. Takashima, M. Moriya, H. Shimada, A. Hirano-Iwata, F. Hirose, and Y. Mizugaki,

“Non-linear responses in AC characteristics of bilayer lipid membrane”, The Irago Conference
2019 (Interdisciplinary Research And Global Outlook), Chofu, Tokyo, Japan, October 29, 2019.

. T. Yagai, M. Moribayashi, M. Moriya, H. Shimada, A. Hirano-Iwata, F. Hirose, and Y. Mizugaki,

“Single-electron transistor made of arrays of carbon-coated cobalt nanoparticles assembled by
dielectrophoresis™, 32nd International Microprocesses and Nanotechnology Conference (MNC
2019), Hiroshima, Japan, October 30, 2019.
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12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24,

25.

26.

27.

Y. Tomioka, S. Takashima, M. Moriya, H. Shimada, F. Hirose, A. Hirano-Iwata, and Y. Mizugaki,
“Capacitance extraction method of a free-standing bilayer lipid membrane formed over an
aperture in a nanofabricated silicon chip”, 32nd International Microprocesses and
Nanotechnology Conference (MNC 2019), Hiroshima, Japan, October 31, 2019.

M. Sato, R. Yokota, Y. Tsuneta, M. Kato, D. Yamaura, D. Tadaki, M. Komiya, H. Yamamoto, M.
Niwano, A. Hirano-Iwata, “Analysis of ion channel functions using artificial bilayer lipid
membranes”, Okinawa Colloids 2019, Okinawa, Japan, November 6, 2019,

A. Hirano-Iwata, “Microfabricated lipid bilayer systems for the analysis of ion channel functions”,
Okinawa Colloids 2019, Okinawa, Japan, November 8, 2019.

H. Yamamoto, K. Wakimura, Z. Chen, T. Sumi, T. Takemuro, T. Tanii, and A. Hirano-Iwata,
“Controlling structure and function of neuronal networks in 2D using microcontact-printed
protein scaffolds”, Okinawa Colloids 2019, Okinawa, Japan, November 8, 2019.

S. Moriya, H. Yamamoto, Z. Chen, K. Wakimura, A. Hirano-Iwata, S. Kubota, and S. Sato,
“Time-series information processing in cultured neuronal network models”, The 2019
International Symposium on Nonlinear Theory and its Applications (NOLTA2019), Kuala
Lumpur, Malesia, December 3, 2019.

T. Ma and A. Hirano-Iwata, “Large single-crystal grains for highly efficient integrated
back-contact perovskite solar cells”, 2019 MRS Fall Meeting, Boston, USA, December 4, 2019.

.T. Sumi, H. Yamamoto, and A. Hirano-Iwata, “Impact of spontaneous activation of

stretch-activated channels on the generation and size of neuronal network activity”, 13th
International Symposium on Nanomedicine (ISNM2019), Kobe, Japan, December 4, 2019.

. X. Feng, T. Ma, D. Tadaki, and A. Hirano-Iwata, “Bio-hybrid membrane for solid-state devices”,

2019 MRS Fall Meeting, Boston, USA, December 5, 2019.

H. Yamamoto, T. Sumi, L. Grob, B. Wolfrum, and A. Hirano-Iwata, “Ultrasoft silicone gel as a
biomimetic culture scaffold for cortical neurons”, 13th International Symposium on
Nanomedicine (ISNM2019), Kobe, Japan, December 5, 2019.

T. Ma, “Self-assembled nanostructure and their applications”, The 8th International Donghu
Forum for Outstanding Young Scholars, Wuhan, China, December 27, 2019.

T. Ma and A. Hirano-Iwata, “Boosting the performance of back-contact perovskite solar cells by
enlarging crystal size”, International Conference on Perovskite and Organic Photovoltaics and
Optoelectronics (IPEROP20), Tsukuba, Japan, January 21, 2020.

A. Hirano-Iwata, “Microfabrication methods for the analysis of ion channel functions”, 8th RIEC
International Symposium on Brain Functions and Brain Computer, Sendai, Japan, February 13,
2020.

K. Hattori, K. Sato, H. Takahashi, T. Hayakawa, S. Oguma, M. Ishida, H. Yamamoto, A.
Hirano-Iwata, and T. Tanii, “An experimental study on the spontaneous firing of single isolated
neurons in autaptic culture using micropatterned substrates”, 8th RIEC International Symposium
on Brain Functions and Brain Computer, Sendai, Japan, February 14, 2020.

J. Imai, K. Hattori, H. Kurakake, T. Hashimoto, K. Sato, H. Takahashi, S. Oguma, M. Ishida, H.
Yamamoto, A. Hirano-Iwata, and T. Tanii, “Stimulation of micropatterned neurons with a pair of
needle electrodes and the activity measurement”, 8th RIEC International Symposium on Brain
Functions and Brain Computer, Sendai, Japan, February 14, 2020.

K. Wakimura, H. Yamamoto, K. Ide, A. Hirano-Iwata, “Controlling synchronized bursting activity
of micropatterned cortical cultures by electrical field noise”, 8th RIEC International Symposium
on Brain Functions and Brain Computer, Sendai, Japan, February 14, 2020.

T. Sumi, H. Yamamoto, and A. Hirano-Iwata, “Soft scaffolds suppress hypersynchronous network
activity in cultured cortical neurons”, 8th RIEC International Symposium on Brain Functions and
Brain Computer, Sendai, Japan, February 14, 2020.
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28.

29.

30.

T. Takemuro, H. Yamamoto, K. Wakimura, S. Sato, and A. Hirano-Iwata, “Patterning neuronal
networks in modular structure using thin PDMS microfluidics films”, 8th RIEC International
Symposium on Brain Functions and Brain Computer, Sendai, Japan, February 14, 2020.

S. Moriya, H. Yamamoto, Z. Chen, K. Wakimura, A. Hirano-Iwata, S. Kubota, and S. Sato,
“Computational modeling of cultured neuronal networks and its reservoir computing
applications”, 8th RIEC International Symposium on Brain Functions and Brain Computer,
Sendai, Japan, February 14, 2020.

H. Yamamoto, K. Wakimura, Z. Chen, T. Sumi, T. Takemuro, A. Hirano-Iwata, and S. Sato,
“Biointerface engineering technologies for manipulating neuronal network functions in culture”,
8th RIEC International Symposium on Brain Functions and Brain Computer, Sendai, Japan,
February 15, 2020.
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6—1 MEBORKFTREE DBLE Facilities and Equipments
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17th RIEC International Workshop on Spintronics
and
10th JSPS Core-to -Core Workshop on “New -Concept Spintronic Devices”

Program

@® December 4 (Tuesday)
page

13:15-13:25
Opening
13:25-14:05
Tu-1 M. Stiles (NIST) 16
Spintronics for neuromorphic computing
14:05-14:45
Tu-2 Y. Suzuki (Osaka University) 17
Unconventional computations using magnetic nano-dots and skyrmions
14:45-15:05
Break
15:05-15:35
Tu-3 S. Woo (IBM) 18
New materials and devices in skyrmionics
15:35-16:05
Tu-4 A. Kurenkov (Tohoku University) 19
Uniform artificial synapse and neuron based on spintronic devices
16:05-16:55
Tu-5 I. Kataeva (DENSOQ) 20

Neuromorphic computing using analog memristive crossbars for automotive

applications
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® December 4 (Wednesday)

9:00-9:30
We-1 J. Akerman (Gothenburg University)

2D mutually synchronized spin Hall nano-oscillator arrays for highly coherent

microwave signal generation and neuromorphic computing

9:30-10:00
We-2 P. Pirro (Technische Universitat Kaiserslautern)

Magnonics for neuromorphic applications

10:00-10:30
We-3 K. Oyanagi (Tohoku University)
Paramagnetic spintronics

10:30-10:50
Break

10:50-11:20
We-4 S. Mangin (Universite de Lorraine)
All-optical helicity dependent switching in ferromagnetic layers

11.20-11:50
We-5 S. Mizukami (Tohoku University)
Laser-induced magnetization dynamics in synthetic antiferromagnets

11:50-12:20
We-6 M. Aeschelimann (University of Kaiserslautern)

Laser-Induced intersite spin transfer

12:20-14:00
Group Photo
Lunch

14:00-14:30
We-7 Y. Ando (Tohoku University)

Application of highly sensitive magnetic field sensors with ferromagnetic tunnel

Junctions
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page

14:30-15:00

We-8 K. McKenna (University of York) 28
Understanding the role of extended defects in magnetic and resistive switching

memory materials |

15:00-15:30

We-9 G. Reiss (Bielefeld University) 29

Tuning superparamagnetism in perpendicular magnetic tunnel junctions

15:30-15:50
Break

15:50-16:20

We-10 W. Borders (Tohoku University) 30
Probabilistic computing with stochastic magnetic tunnel junctions

16:20-17:10
We-11 M. Ohzeki (Tohoku University) 31
Quantum annealing and its practical applications

Transfer

- 18:20-19:50
Banquet
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® December 5 (Thursday) page

9:10-9:40

Th-1 A. Hirotaha (University of York) 32
Development of antiferromagnetic and spin gapless semiconducting Heusler alloy
films

9:40-10:10

Th-2 R. Umetsu (Tohoku University) 33
SX-RIXS measurements under magnetic field for Heusler alloys with half-metallic
electronic state

10:10-10:40
Th-3 M. Shirai (Tohoku University) 34
Computational design of half-metallic quaternary Heusler alloys for magnetic tunnel

junctions

10:40-11:00
Break

11:00-11:30
Th-4 J. Chen (National University of Singapore) 35
Electric induced magnetization switching in all oxide structure and single metallic

layer

11.30-12:00
Th-5 T. Seki (Tohoku University) 36
Spin-Charge conversion in ferromagnetic materials

12:00-13:50
Lunch

13:50-14:30

Th-6 T. Ono (Kyoto University) 37
Ferrimagnetic spintronics
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page
14:30-15:00
Th-7 A. Hrabec (ETH Zurich) 38
Chirally coupled nanomagnets

156:00-15:30

Th-8 D. Pinna (Johannes Gutenberg University) 39

Reservoir computing with random magnetic textures

15:30-17:00
Poster Session: Room A401 (4F)
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® December 6 (Friday)

9:10-9:50
Fr-1 Y. Otani (University of Tokyo)
Novel functions observed in a topological antiferromagnet

9:50-10:20
Fr-2 Y. Mokrousov (Forschungszentrum Jiilich)
Spin “Chirotronics”: From antiferromagnets to 3D chiral particles

10:20-10:40
Break

10:40-11:10
Fr-3 J. Wunderlich (ASCR)
Electrically and thermally detected Néel vector switching in a collinear

antiferromagnet

11.10-11:40
Fr-4 T. Dietl (Polish Academy of Sciences)

Electric field effects in ferromagnetic (Ga,Mn)N and antiferromagnetic CuMnAs

Closing
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17th RIEC International Workshop on Spintronics
and
10th JSPS Core-to -Core Workshop on “New -Concept Spintronic Devices

Poster Program

page

P-1 S. Karube, N. Tezuka, M. Kohda and J. Nitta -
(Tohoku University) )

Spin-orbit field driven by Rashba-Edelstein effect at W/Pt interface

P-2 S. Ranjbar, M. Al-Mahdawi, M. Tsunoda, M. Oogane and Y. .
Ando (Tohoku University)

Films and use its potential for magnetic devices

P-3 K.V. De Zoysa, R. Itoh, Y. Takeuchi, S. DuttaGupta, S. -
Fukami and H. Ohno (Tohoku University)

Composition dependence of spin-orbit torques in antiferromagnetic Pti.<Mny (0 < x

<1)/CoFeB heterostructures

P-4 Y. Du, H. Gamou, S. Takahashi, S, Karube, M. Kohda and J. 5
Nitta (Tohoku University)

Disentanglement of spin-orbit torques in Pt/Co bilayers with the presence of spin Hall

effect and Rashba-Edelstein effect

P-5 K. Furuya, Y. Takeuchi, B. Jinnai, S. Fukami and H. Ohno o

(Tohoku University)

Large spin orbit torque in W/CoFeB/MgQO with high W resistivity

P-6

Y. Xu, J. Zhao and D. Wei (Chinese Academy of Sciences) 50

Spin polarization characterization by spin hall magnetoresistance in ferrimagnetic
Co1-xTbx/Pt bilayers

P-7

S. DuttaGupta, R. Itoh, S. Fukami and H. Ohno (Tohoku
University)

51

Antiferromagnet layer thickness dependence of spin-Hall magnetoresistance in
PtMn/Pt metallic heterostructures
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P-8 J. Yoon, Y. Takeuchi, R. Itoh, S. Kanai, S. Fukami and H.
Ohno (Tohoku University)

Anomalous Hall effect of sputter-deposited non-collinear antiferromagnetic MnzSn

thin films with controlled crystal orientation

P-9 M. Abe, H. Gamou, M. Kohda and J. Nitta (Tohoku University)

Spin relaxation mechanism in Cu/Bi bilayers

P-10 C. Zhang, Y. Takeuchi, S. Fukami and H. Ohno (Tohoku
University)

Magnetization reversal via the combination of spin-orbit torque and spin-transfer

torque in sub-ns region

P-11 C. A. Akosa, H. Li, G. Tatara and O. A. Tretiakov (RIKEN)
Tuning the skyrmion Hall e ffect via engineering of spin-orbit Interaction.

P-12 T. Dohi, S. DuttaGupta, S. Fukami and H. Ohno (Tohoku
University)

Current-induced motion of synthetic antiferromagnetic skyrmion bubbles free from the

skyrmion Hall effect

P-13 M. Ender, P. Pirro and B. Hillebrands (Technische Universitat
Kaiserslautern)
Controlling the transmission of spin waves in a directional-coupler via domain walls

P-14 Q. C. J.-M. Remy, J. Hohlfeld, J. Gorchon, M. Hehn, G.

Malinowski and S. Mangin (Université de Lorraine)
Importance of transport phenomena in ultrafast switching of magnetic multilayer thin
films

P-15 D. Breitbach, M. Schneider, T. Bracher, A. M, Friedel, P. Pirro,
V. S. Tiberkevich, A. N. Slavin, C. Dubs, B. Hillebrands and A.

V. Chumak (Technische Universitat Kaiserslautern)

Optical investigation of the magnon chemical potential in YIG/Pt systems

10
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57
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60



page
P-16 A. Houshang, R. Khymyn, H. Fulara, A. Gangwar, M. Haidar,
S. R. Etesami, R. Ferreira, P. P. Freitas, M. Dvornik, R. K. 61
Dumas and J. Akerman (University of Gothenburg)
Spin transfer torque driven higher-order propagating spin waves and their
synchronization in nano-contact magnetic tunnel junctions

P-17 T. Parvini, V. Bittencourt and S. Kusminskiy (Max

63
Planckinstitute for the Science of Light)
Antiferromagnetic cavity optomagnonics
P-18 T. B. Noack, V. I. Vasyuchka, D. A. Bozhko, B. Heinz, P. Frey,
- D. V. Slobodianiuk, O. V. Prokopenko, G. A. Melkov, P. e4
Kopietz, B. Hillebrands and A. A. Serga (Technische
Universitat Kaiserslautern)
Enhancement of the spin pumping effect by magnon confluence process
P-19 T. Roy, M. Tsujikawa, T. Kanemura and M. Shirai (Tohoku .
University)
Ab initio studies on equiatomic quaternary Heusler alloys ColrMnZ (Z = Al, Ga, Si,
Ge)
P-20 Y. Koike, S. lihama and S. Mizukami (Tohoku University) 66

Spin-torque ferromagnetic resonance in CoxFex/ Ti/ NiFe trilayers

P-21 L. Scheuer, D. Nenno, G. Torosyan, A. Brodyanski, R. H.
Binder, H. C. Schneider, R. Beigang and E. Th. Papaioannou 67
(Technische Universitidt Kaiserslautern)

Engineering the emission of spintronic terahertz emitters based on defect densities

P-22 W. Yu, J. Wang, H. Y. Yuan and J. Xiao (Fudan University) 68
Prediction of attractive level crossing via a dissipative mode

P-23 M. Bersweiler, P. Bender, L. G. Vivas, M. Albino, M. Petrecca,
S. Miihlbauer, S. Erokhin, D. Berkov, C. Sangregorio and A. 69

Michels (University of Luxembourg)
Size-dependent spatial magnetization profile of Manganese-Zinc ferrite nanoparticles

11
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P-24 P. Frey, D.A. Bhozko, V. Vasyuchka, A. A. Serga and B.

Hillebrands (Technische Universitidt Kaiserslautern)
Anisotropic transport of spontaneously accumulated magneto-elastic bosons in
Yittrium lron Garnet films

P-25 T. V. A, Nguyen, H. Sato, S. lkeda, T. Endoh and Y. Endo
(Tohoku University)

Influence of temperature on in-plane effective damping constant of amorphous

Co-Fe-B thin films

P-26 M. Shinozaki, J. lgarashi, J. Llandro1, H. Sato, S. Fukami and
H. Ohno (Tohoku University)

Ferromagnetic resonance and current induced magnetization switching in nanoscale

CoFeB/MgO magnetic tunnel junctions

P-27 H. Musiienko-Shmarova, V. S. Tyberkevych, A. N. Slavin, A.
A. Serga and B. Hillebrands (Technische Universitat
Kaiserslauten)

From nonlinear interacting magnon gas to magnon Bose-Einstein condensate and

Supercurrents

P-28 Z. Jin, Y. Wang, M. Oogane and Y. Ando (Tohoku University)
Investigation of junction-size dependence of TMR-sensor detectivity

P-29 T. Watakabe, M. Goto, H. Nomura, Y. Suzuki (Osaka
University)

Electric field modulation of magnetic anisotropy in Fe/Mn/MgO/Fe Magnetic tunnel

junction

P-30 Y. Ogasawara, K. Kunimatsu, T. Tsuchiya, S. lihama and S.

Mizukami (Tohoku University)
Gilbert damping constant of metastable bcc CoMn thin films

P-31 V. I. Vasyuchka, P. Frey, M. Ishibashi, A. A. Serga and B.
Hillebrands (Technische Universitdt Kaiserslautern)
Magnon condensation in the presence of magnetoelastic interaction

12
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71

73

76
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78



P-32 M. Al-Mahdawi, M. Oogane, Y. Ando (Tohoku University)
Approach to low-noise magnetic field TMR sensors by hybrid sensing layers and
Deep-Learning denoising

P-33 C. Ortiz-Pauyac, C. Akosa, G. Tatara and A. Kalitsov (RIKEN)
Thermal torque in double barrier tunnel junctions with magnetic insulators

P-34 A. J. E. Kreil, A. A. Serga and B. Hillebrands (Technische
Universitat Kaiserslautern)

Dynamics of a magnon Bose-Einstein condensate in inhomogeneous magnetic fields

P-35 T. Yamamoto, K. Kaminaga, D. Saito, D. Oka and T. Fukumura

(Tohoku University)
New ferromagnetic semiconductor: rare-earth monoxide GdO

13
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79
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The 8th RIEC International Symposium on

Brain Functions and Brain Computer

Date: February 13 - 15, 2020

Place: Laboratory for Nanoelectronics and Spintronics, Research

Institute of Electrical Communication, Tohoku University

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 Ltd.
Secretary

Shigeo Sato, Tohoku Univ.

Co-organized by
Research Institute of Electrical Communication (RIEC), Tohoku University
Tohoku Forum for Creativity Program 2020 "Designing the Human-Centric IoT Society

-Cooperative Industry-Academic Strategies for Creative Future Connection”
In association with
Center for Science, Technology and Well-being Research (Graduate School of Arts and Letters),

Tohoku University

In cooperation with
WISE Program for Al Electronics, Tohoku University
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Feb. 13
13:00 - 13:05

13:05-13:25

13:25-13:45

13:45 - 14:05

14:05 - 14:20

14:20 - 14:50

14:50 - 15:10

15:10 - 15:40

15:40 - 16:00

16:00 - 16:30

16:30 - 16:50

Program

Opening Remarks

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

--- Special Session 1 (Chair: S. Sato) ---

"Spintronics-based edge computing hardware fundamentals"
[SS1-1] Analog neuron circuit for edge computing

S. Sato, Y. Tamura, S. Moriya, T. Kato, H. Yamamoto, M. Sakuraba, Y. Horio, J.
Madrenas (Tohoku Univ., Japan)

[SS1-2] Tmpact of nonvolatile-logic design techniques for spintronics-based edge Al
computing

M. Natsui, T. Chiba, T. Hanyu (Tohoku Univ., Japan)

[SS1-3] Spintronics for uniform artificial synapse and neuron

A. Kurenkov, S. Fukami, Y. Horio, H. Ohno (Tohoku Univ., Japan)

Break (15 min)

--- General Session | (Chair: Y. Horio) ---

[GS1-1] Design flow for SIMD-based hardware implementation of spiking neural

networks

J. Madrenas, M. Zapata, J. A. Oltra, B. Vallejo, S. Moriya, S. Sato (Polytechn. Univ.
Catalonia, Spain)

[GS1-2] Analysis of temporal and mobility networks

N. Fujiwara (Tohoku Univ., Japan)

[GS1-3] Distributed correlates of working memory phenomena in a large-scale multi-

network model

P. Herman, F. Fiebig, A. Lansner (KTH Royal Inst. Technol., Sweden)

Break (20 min)

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

[GS2-1] Extracting image statistics by human and machine observers

C.-C. Chen (Natl. Taiwan Univ., Taiwan)

[GS2-2] Distal axon as a potential oscillator for network activities in the hippocampus

H. Kamiya (Hokkaido Univ., Japan)

272



16:50-17:10

17:10-17:30

Feb. 14

9:30 - 9:50

9:50 - 10:20

10:20 - 10:35

10:35 - 10:55

10:55-11:15

11:15-13:00

13:00-13:15

13:15-13:30

13:30 - 13:45

13:45 - 14:05

[GS2-3] Multi-scale calcium imaging in the visual cortex of marmoset monkeys

T. Matsui, T. Hashimoto, T. Murakami, M. Uemura, K. Kikuta, T. Kato, K. Ohki (Univ.

Tokyo, Japan)
[GS2-4] Microfabrication methods for the analysis of ion channel functions

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

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

"Brain-like Integrated System: Device, Circuit, System, etc."
[SS2-1] Brain-like integrated system using thin-film devices

M. Kimura (Ryukoku Univ., Japan)

[SS2-2] Memristor enabled future computing beyond CMOS

K. M. Kim (KAIST, Korea)

Break (15 min)

[SS2-3] Weightless neural network with high write error rate MRAM: Pattern
matching and recognition

H. Arai, H. Imamura (AIST, Japan)

[SS2-4] Elastic neural network on-chip

R. Zhang, M. Wu, Y. Kan, Y. Chen, Y. Nakashima (NAIST, Japan)
Lunch Break

--- Special Session 3 (Chair: S. Sato) ---

"Designing the Human-Centric IoT Society -Cooperative Industry-Academic

Strategies for Creative Future Connection"

[SS3-1] Introduction to the "Designing the Human-Centric ToT Society” Program

Y. Horio (Tohoku Univ., Japan)

[SS3-2] Technology Vision for Well-being Society

M. Morishima (Tokyo Electron Ltd., Japan)

[SS3-3] Towards large-scale cyber-physical-human systems - vision for one of KTH
Digitalisation projects

P. Herman (KTH Royal Inst. Technol., Sweden)

[SS3-4] Value-sensitive design and well-being
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14:05 - 14:15
14:15 - 14:35

14:35 - 15:05

15:05 - 15:10
15:10 - 16:00

16:00 - 17:30

K. Naoe (Tohoku Univ., Japan)

Break (10 min)

[SS3-5] The human aspect of technology and design thinking
H. Kanemitsu (Kanazawa Inst. Technol., Japan)

[SS3-6] Al ethics: An interdisciplinary approach

Y.-H. Weng (Tohoku Univ., Japan)

Break (5 min)

Panel Discussion: Al and well-being

Coordinator: Y. Horio

--- Poster Session -—-

[P-1] Data-driven approach for structure estimation of neural networks

R. Masahiro, T. Omori (Kobe Univ., Japan)

[P-2] Machine learning algorithm for estimating odor pleasantness by sparse modeling
method

M. Yokoi, T. Omori (Kobe Univ., Japan)

[P-3] Online statistical Algorithm for estimation and control of neuronal dynamics

S. Fukami, T. Omori (Kobe Univ., Japan)

[P-4] Input pattern discrimination depending on inputs frequency in hippocampal
granule cells

N. Nakajima, Y. Hosoya, H. Hayakawa, T. Aihara (Tamagawa Univ., Japan)

[P-5] Temporal development and dimensionality of figure-ground signals in monkey
V4

A. Kodama, K. Sakai (Univ. Tsukuba, Japan)

[P-6] A role of rhythmic oscillations in top-down influence of visual areas in

perceptual learning

R. Tani, Y. Kashimori (Univ. Electro-Commun., Japan)

[P-7] A neural network model for gustatory working memory in orbitofrontal cortex
L. C. Antaket, Y. Kashimori (Univ. Electro-Commun., Japan)

[P-8] An experimental study on the spontaneous firing of single isolated neurons in

autaptic culture using micropatterned substrates

K. Hattori, K. Sato, H. Takahashi, T. Hayakawa, S. Oguma, M. Ishida, H. Yamamoto,
A. Hirano-Iwata, T. Tanii (Waseda Univ., Japan)
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[P-9] Stimulation of micropatterned neurons with a pair of needle electrodes and the

activity measurement

J. Imai, K. Hattori, H. Kurakake, T. Hashimoto, K. Sato, H. Takahashi, S. Oguma, M.

Ishida, H. Yamamoto, A. Hirano-Iwata, T. Tanii (Waseda Univ., Japan)

[P-10] Controlling synchronized bursting activity of micropatterned cortical cultures

by electrical field noise
K. Wakimura, H. Yamamoto, K. Ide, A. Hirano-Iwata (Tohoku Univ., Japan)

[P-11] Soft scaffolds suppress hypersynchronous network activity in cultured cortical

neurons
T. Sumi, H. Yamamoto, A. Hirano-Twata (Tohoku Univ., Japan)

[P-12] Patterning neuronal networks in modular structure using thin PDMS
microfluidics films

T. Takemuro, H. Yamamoto, K. Wakimura, S. Sato. A. Hirano-Iwata (Tohoku Univ.,
Japan)

[P-13] Computational modeling of cultured neuronal networks and its reservoir
computing applications

S. Moriya, H. Yamamoto, Z. Chen, K. Wakimura, A. Hirano-Iwata, S. Kubota, S. Sato
(Tohoku Univ., Japan)

[P-14] LSI implementation and its evaluation of an [zhikevich neuron model

Y. Tamura, S. Moriya, T. Kato, H. Yamamoto, M. Sakuraba, S. Sato, Y. Horio, J.
Madrenas (Tohoku Univ., Japan)

[P-15] Reservoir network of biologically-plausible structure on pattern recognition
Y. Dai, M. Sakuraba, S. Sato (Tohoku Univ., Japan)

[P-16] Computing based on pseudo-billiard dynamics in hypercube

Y. Katori, M. Yamaguchi, H. Tamukoh, T. Morie (Future Univ. Hakodate, Japan)
[P-17] Bayesian slow feature analysis based on variational learning

M. Yashima, T. Omori (Kobe Univ., Japan)

[P-18] The Future of Meetings by Smart Technology

Y. Asakawa, J. Sakurai, Y. Kikuchi, Y. Koizumi, T. Sumi, K. Hanzawa, D. Shin
(Tohoku Univ., Japan)

[P-19] Human-Centric Design towards society without regional disparities

M. Sato, T. Mikami, T. Kato, T. Tanno, R. Sasaki, D. Yuxuan, S. Yamada (Tohoku
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9:30 - 9:50

9:50 - 10:20

10:20 - 10:40

10:40 - 11:10

11:10 - 11:20

11:20 - 11:40

11:40-12:10

12:10 - 12:30

12:30-12:35

Univ., Japan)
[P-20] The Role of <Human-Centered Technologies> in Society in 2040

T. Nara, D. Oguchi, V. De Zoysa, W. Suda, K. Takayama, K. Fukuda (Tohoku Univ.,
Japan)

--- General Session 3 (Chair: P. Herman) ---

[GS3-1] Improvements of two-photon microscopy techniques for understanding

intravital phenomena
K. Otomo, T. Nemoto (NTPS, Japan)

[GS3-2] Network interactions in the mouse visual cortex are predictive of perceptual

decisions

J. G. Orlandi, M. Abdolrahmani, R. Aoki, D. R. Lyamzin, A. Benucci (RTKEN, Japan)
[GS3-3] Data-driven approach for extracting neuronal nonlinear dynamics

T. Omori (Kobe Univ., Japan)

[GS3-4] FORCE training networks of spiking neurons to perform arbitrary dynamics
W. Nicola, C. Clopath (Univ. Calgary, Canada)

Break (10 min)

--- General Session 4 (Chair: A. Hirano-Iwata) ---

[GS4-1] Spin-wave reservoir computing chip: Ultra low power consumption neural

network hardware for sequential information learning and processing
A. Hirose, R. Nakane, G. Tanaka (Univ. Tokyo, Japan)

[GS4-2] Strategies to dictate connectivity and functional organization in 2D and 3D
neuronal cultures

M. Montala, E. Estévez-Priego. T. Fardet, S. Bottani, J. Soriano (Univ. Barcelona,
Spain)

[GS4-3] Biointerface engineering technologies for manipulating neuronal network
functions in culture

H. Yamamoto, K. Wakimura, Z. Chen, T. Sumi, T. Takemuro, A. Hirano-Iwata, S. Sato
(Tohoku Univ., Japan)

Closing Remarks

S. Sato {Tohoku Univ.)
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