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3. 30 FEDHARARDNASAH
Highlights of Research in FY2018
TRRAFFEHE & R A RFSE2E DAL 30 SEEEDMIFERMRDONA T 1 2R L KT

F/ SEE RS
Nano Integration

® F/EBBTNARTOER (EBEXHE - #EBX)

Nano-Integration Devices and Processing (S. Sato and M. Sakuraba)
(1) MBEHEOFEZEML ZHMBAMETHERN— RV 7O ZEAMELT.VatkTV >
BEAICIOEEINIBREBFMETE Y hxy NV 2R WREREEZBRIEL, FEITX
DHEAEGIBIEREZEE L D5 L2 BMEFEICI OSSN L.

() EMFEMBEL TS X< CVD XKD LIZP R—TRUB R—7Si TEY F v )L#EEF D
Fy ) TREOHERS FANMZRELER. REIZAN S THRZIZF v U VIBENENT 268
MNH DR LIz, To. REZFH L T—ERMO 7S XATBF 2T 2EI2XD. &
JEEEE, TO B ETOEBELAEELRN 50%BETHET D IENARERTHL I EE RN LT

) MEFEN—RY 7 ORFEZENE LT, SRV AZHBE L. BIRERE 1V TEE
ITHZa—0>2 MOS 7 FOJREEDHKEZIT0 . MR IREEK TEEYT 2 MOS F 5 2P A% 40
EREETHRINSGZa—0  REEN 200 W BEOEKIHEE I TRFICEET S &% SPICE
Ial—Ta itk DERLE.

(4) HHREIRE OREES, BB MRS A SMBIER G ONT > ANZER Y 1 F I 7 ACRIETHEE
BSMMCT RS, BV a—)EEZE T 2 MREREHOEB 25 EH I 2L —2a XD 5RN
2o WIHIHEREGD 20%EEENDED 2 T— %y hT—JIZBNWT, F1F 37 ZOEMEN
RAE2D ZEEZERBICHLNMIL .

(1) Toward the development of quantum adiabatic computation hardware inspired by brain computation, we
studied implementation using superconducting charge qubits. We successfully confirmed by numerical
simulations that associative memory function can be obtained by learning.

(2) In the depth profiles of P-doped or B-doped Si epitaxial films grown by using low-energy ECR plasma
CVD without substrate heating, gradual increasing tendency towards surface was observed. Additionally,
improvement for electrical activation of B atoms in the heavily doped film up to above 50% has been
demonstrated.

(3) Toward the development of neuromorphic computation hardware, we designed a neuron MOS analog
circuit that can reproduce various neuron pulses. We confirmed by SPICE simulations that the circuit,
which is composed of about 40 MOS transistors and operates in the strong inversion region, operates
successfully with only about 20 pW power consumption.

(4) To study influence of the structure of neuronal circuitry and the balance of excitatory and inhibitory
connections on spatiotemporal dynamics, we investigated the activity of neuronal circuitry having a
modular structure. It has been clarified quantitatively that dynamical complexity is maximized when the
modular network contains about 20% inhibitory connections.



® VIMIVEL-—TAVIKEIRT L BERER)

Soft Computing Integrated System (Y. Horio)
() FLVWHB A Ea—FXTF A LA THIM FEBEERI > Ea—T 4 T OBRERD—
DTHLBREAC T AT LIHEMAATRER A AU PN—Fy T =7 OERE - tHEZ. 14 Ak
REVERTIZ K D FHE L 7z,
(2) KBEE A ABEEN— R =7 2RET LDITBER, ATy Fh- ALY IAFAZ
a—O > EBEEEOT A NF Y 7 &, TSMC 65n1m CMOS 7OEALDEEL 7=,
(3) Spin-orbit torque 7 /N AL O STDPFE ANA F 27 Za—F )Ry hT—U ZHEET 57
O DEERNIREZR 2T o7z,
4) BRICHFAATAFITAOEMEEZFR LIZRA NETFAHEBRA N — ARG ZHBET S
728 YE8E Lorenz BARIZHED < BRRIELEERZR O m#E2N— R = 7 EEIT DN T O 2>
7Zo
(1) We examined performance and characteristic of the chaotic reservoir network composed of chaotic
neurons, which we proposed last year, through chaotic time-series predictions.

(2) For large-scale chaotic optimization hardware, we designed and fabricated a switched-current chaotic
neural network integrated circuit chip with TSMC 65 nm CMOS processes.

(3) We conducted basic study on the spiking neural network hardware using spin-orbit torque neuron and
STDP synaptic devices.

(4) We investigated fast hardware implementation of a random number generator based on the augmented
Lorenz map for post quantum computer stream cryptography.

RAE> bO= o A BT E

Spintronics and Information Technology

® RErhO=s R GEREH)
Spintronics (S. Fukami)

BEAPOBEBTFOAL Y EEBMOBHEZFE AR F—DDOEMEERAE O A&
FAOBHAZHNE L THZEZTTV. EICUTORREZHZ. (1) CoFeB/MgO HEFEICHBWNTHE
KGR BEAMHEEICE > THET 21 —Y—a— 2 REO I — > ANOERE R Z @i L E T
SN U7, 2) EikHIRY 7 AT > %4 L7z W/CoFeB/MgO N7 & DEIRAL A E >l
MLV ZN—FZw ZETHELAEEE NV AREORREEEZEZRLZ. 3)
CoFeB/MgO & B I DRI B I KX T EBRENEZ 7 —BEMEE TR, XK BRI ICE(T
5T & ROFNDKTEAT 4 TR AERDOELEBEEL TS ZEZASNIT L. (4) AT#
BRERMERG Y0y A C#E MV bR T OEER 1 S EEEZ ISR . (5)
MgO/CoFeB/Ta/CoFeB/MgO FEE it O ALK B A L BEZERDF v v TIRIKGEEZHRN, I
Wiz v v TEME - GG 2SN Lz, (6) RGRIENE PtMn EIERGME Pt £/ 3 W NS 7254
BREEAEZ AN, KREESEOBSIEIRZ MR THO THRAL, TNNEITAE K-
NS RICHREL TWS Z 25N Lz, (7) #iE 20 nm O AE > #uE bV 7 bR
i EF O KB & B ETE2-50CH 5 125°C O THN, SiREERR THWESAE T
NESN, NOBR COBMLKENTRETH D Z &R LTz, (8) HANMLESHMEGT 2 AL
BE NV MEREZETFOTNA ABEZ2E WA —T v N T TE 22 PG LM FiEz



MEST L. TINA ARGEIKTENE/R E 23 L7z, (9) W/CoFeB/MgO (F/z1d W/FeB/MgO) FaJE &
WBFsTry a0l AF— - SFAMEIER D CoFeB (771X FeB) BEMKEFEEZFAN, Py O
DAF—  SFRMHEERORESET TR ABEEITHNHRBEEREICL > TEHDD L2
5N L7,

Our research activities focus on realizing low-power functional spintronic devices. The outcomes in the
last fiscal year are as follows: (1) Revealing electric field effect on the cone angle of easy-cone state that
appears as a result of higher-order anisotropy term in CoFeB/MgO stacks by means of ferromagnetic
resonance, (2) achievement of world’s highest spin-orbit torque generation efficiency in
high-resistivity-W/CoFeB/MgO using extended harmonic Hall technique, (3) finding a non-linear variation
of domain period with electric-field application in CoFeB/MgO stacks, which is turned out to originate
from the change in exchange stiffness, (4) investigation of operation performance and reliability of analog
spin-orbit torque devices that are promising for artificial-neural-network applications, (5) revealing the
suitable cap-layer structure for MgO/CoFeB/Ta/CoFeB/MgO stack in terms of interfacial magnetic
anisotropy and thermal stability factor, (6) world’s first observation of magnetoresistance effect in
antiferromagnet/nonmagnetic metallic heterostructure and clarification of underlying dominant mechanism
for the magnetoresistance effect, (7) demonstration of high thermal stability factor and current-induced
switching in the temperature range from -50 to 125 oC in 20-nm-wide spin-orbit torque device consisting
of Co/Pt multilayer, (8) establishment of evaluation scheme for device properties of spin-orbit torque
switching devices with in-plane magnetization and clarification of the dependence of device properties on
the design of nanomagnet in the device, (9) demonstration of sign change of Dzyaloshinskii-Moriya
interaction with ferromagnetic-layer thickness in W/(Co)FeB/MgO heterostructures.

® B7O0— RNV RESAE (BALZR— ERE)
Ultra-Broadband Signal Processing (T.Otsuji and A. Satou)

AWFFEETIE, WEAERBRTARBERFEER THLI VU - T IV EHOEMZRHBL. K
AR DIEREE - FHUS AT ANSA TSI EEAME LT, TV BILEWHEARR S N RE
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ST, FROEBHI VY - TINVVEBFTNAAEEBE I AT LAORIMEZHEL TWDS,
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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 2017FSY.

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 photonics-electronics convergence mixers

To realize the carrier frequency down-conversion from optical to wireless data signals, which is one of
key technologies in future photonics-electronics convergence networks, we study the photonic
double-mixing functionality of InGaAs-channel high-electron mobility transistors (InGaAs-HEMTs). This
fiscal year, we introduced a unitraveling-carrier photodiode structure into an InGaAs-channel
high-electron-mobility transistor and successfully demonstrated the enhancement of the gain of the
frequency down-conversion from 1.5-um optical signal to millimeter-wave signal by more than three
orders of magnitude.

® EFTNAR (KIERE)
Quantum Device (T. Otsuka)

AWERETIE, H U VVIEHRALEE, @EICm 722 8Bmse s U T, ATRYIC/ERL, I L 7z EE
T/ BB BT 2MEERA. BIXOTNA ZABAOMEZED TS, EfET /SO RTE
FIRE OB /R E e, fEEfhzBEdT o 2 &IckD, Bk /i85
REMPAL., EAST ) BECBT2ETYEEZER L2H LWL TN Z0OBE. BREZT
2 TW5d,

(1) Bk /&R OB FUEEES RATETREBZ M 572012, W72 & REBICERER
7 7 A TESLI /7 nnBRM T 0—-TE2EB L. @BERRERN,. T—RETFEOER
ko, B EFREzERCHE CEsmEI /DT O—TERR L.
) \EI/OTO—TEEATLHIEICKD, PEEEFRY b EBMIEELZEEGRED
BT ERIC BT 2 RTER - AE KRB FI VAR E L. JORR, B—ETL
NIV TOER « AEAREBEAZBAL. TOFFMZ I 7 0B RN S HHL 2.
(3) FBHEETF Ry hPOBEBTAE T ETHRLEICAEGZE&T Ey bOffi & U THIFEE
DENTWS, FATETREBRBIEMEZERTSZEICED, EFEY FFNA ADHEZTTS
7zo BTEY MEMEOSRKE/LS, REETEY MHAHR, ZEET Ry F2EALLETHRO
WEEEITO 2.

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 utilizing
nanostructures. Our research activities in FY 2018 are the following.

(1) We improved the operation of the local electronic probes which can directly access local electronic



states in nanostructures utilizing high-frequency measurement techniques and data informatics approaches.

(2) We measured real-time changes of local electronic and spin states in a hybrid system which consists of a
semiconductor quantum dot and an electronic reservoir. We revealed the detail of local dynamics induced
by movement of a single electron.

(3) We applied the local measurement techniques to quantum bit experiments. We realized precise quantum
bit operations, conversion between different qubits and multiple quantum dot operations.

T/ - N FARERFT/NA ARG E
Nano-Bio Hybrid Molecular Devices

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

1. Stable lipid bilayers in microfabricated chips having amphiphobic surfaces

Mechanically stable lipid bilayers were formed on microfabricated silicon chips that had amphiphobic
surfaces through surface modification. We also succeeded in reconstitution of cardiac hERG channel
proteins into the lipid bilayers and recording their activities at the single-channel level.

2. Reconstitution of artificial neuronal networks

Surface engineering offers an effective solution to bridge the in vivo-in vitro gap in neuroscience. Our
recent work showed that by implementing modular organization to cultured cortical neurons, their network
can be tuned to generate much richer in dynamics both spatially and temporally.

3. Novel devices based on a hybrid of a phospholipid bilayer and organic semiconductor molecules

A hybrid membrane was formed by doping a lipid bilayer with organic semiconductor molecules. Using
these hybrid membranes, a photo-sensing device was formed on micro-fabricated silicon chips. It was
demonstrated that the device shows high performances owing to the ultra-thin thickness of the lipid bilayer
structure.
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Tr—F 2, ARA 2 TAUK, 7T A, BENS OBFFERERICK D 16 fROBRFREEICM
A 25 HDRAY —RENBEI Nz, TS EHEHFEICTEHE HAA MRS TR
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SEOT—r 2 ay T, BERKBHEEAE N OZ A, AE>F—EROZJ X, AE
RO ADMEERIEER & WS CCERODAE Y F O A TIEHENS N3 DD
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Nano Integration
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Nano-Integration Devices and Processing
(S. Sato and M. Sakuraba)

A2 V7 bhaAVEaA—T4UKEIRATL BEEER)
Soft Computing Integrated System
(Y. Horio)
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F/EBETNAR - TOER (EREXHE - BEBK)

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

MEHERTNA RADEBEREZINICHT MR

High-density implementation of devices for brain computing

fF3d Si-LSI OMHMEIR & R A, MAFTEEOERIICAT T, MEHERTN
A ADBFE L Z OB EREERN, FOKEAEEO T O YA TICDWTHEZTT-
Tns,

Foreseeing the miniaturization limit of Si-LSI in future and 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.

MBS EREFMEET /NA X ICET 5K

Intelligent quantum device for brain computing

ARG R EBETAEZME LRBOABEZER T 5720, AL PBIREKRZHFAL
7z, B a—0 R TFELTHSARETNA AL ZOHETIVTY XLIZDWTHFSE
2o Tn5,

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.

EEEIVEHXEAIESF O vIVBRED/-OOEEESERERIEMESE TS XY CVD 7Ot

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

F /A= F I EIOEBERTANT OIS EE T 2/2010, Fi4—5 THER
DRBIATORAZET SMER IV RFEREEOANTOIEY F 2 v VKD
WTHIFEL T3,

In order to realize nanometer-order thick high-quality heterostructure, heteroepitaxial growth of
highly strained group-IV semiconductor films with atomically flat and abrupt heterointerfaces is
being studied.

ViRt BASEEEFATOBEDSERILTOERICHT MR

Large-scale integration process of group 1V semiconductor quantum heterostructures

IV EHFEEARRTINRT NA AD Si RBEEANOHEHEEB T 572012, IV RFERS
EEETATBEOHEBLTOCALETFATOF /TN AEYE - mEREEIZD
WTHFEL TWa,

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.

Fef am L]

H. Yamamoto, S. Moriya, K. Ide, T. Hayakawa, H. Akima, S. Sato, S. Kubota, T. Tanii, M.
Niwano, S. Teller, J. Soriano, A. Hirano-Iwata, “Impact of modular organization on dynamical
richness in cortical networks,” Science Advances, vol. 4, eaau4914, 2018.

S. Moriya, H. Yamamoto, H. Akima, A. Hirano-Iwata, S. Kubota, S. Sato, “Mean-field analysis
of directed modular networks,” Chaos, vol. 29, 013142, 2019.
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Japan, Mar. 1-2, 2019), p. 6, 2019.

M. Sakuraba and S. Sato, “Epitaxy and In-Situ Doping in Low-Energy Plasma CVD Processing
for Group-IV Semiconductor Nanoelectronics” (Invited Lecture), Abs. 11th Int. Symp. on
Advanced Plasma Science and its Application for Nitrides and Nanomaterials / 12th Int. Conf.
on Plasma-Nano Technology & Science (ISPlasma/IC-PLANTS, Nagoya, Japan, Mar. 17-21,
2019), No.19aC061, 2019.

16



A2

V7 bhaAYEa—-T4 IEKERIRATLA BEEE)
Soft Computing Integrated System (Y. Horio)

TUVAVENT 4w o AVEa—T4 U ICHAT MR

Brainmorphic computing

FTNA ZOMEHY A 27 A= BEHICHA LT, MR 2 OBl kX2,
ERITCEMER Y NI 2RO 70 AL U THBETS, T 22BN T4v7aVE
=T A TN RI LT AT LEERT L0 DL I2ERZTo T,

We examined several aspects for hardware implementation of the brainmorphic computing
systems. The brainmorphic hardware processes information through emerged brain-specific
functions as a whole “process” of a high-dimensional complex network dynamics. The “process”
and dynamics are directly realized through physical characteristics and dynamics of the
constituent devices.

i - BERERIVEL—T 4 VU ICHETHHA

Brain-body whole organism computing

BADREL TNBIN - B EEI > Ea—T 4 2V OEELGHBRERD —DOTHD
(BHRHAC) AT LEEETLOICELBNA A 2a—F)xy hT—=F UIN—%

REL. TOERNEE NI ARERIICE S ERBIR RO FRIC K > THER L7z,

We proposed a chaotic neural network reservoir, which is suitable for the “reference-self” system

in the brain-body whole organism computing paradigm, which we proposed. We confirmed

consistency in the responses of the proposed chaotic reservoir network through chaotic

time-series and composed sinusoidal time-series predictions.

AEVHBE RN OITNARICEZ 22— AOV8LVOLFTREFICET MR

Spin orbit-truque neuron and synaptic devices

TULAENT 4w A Ea—T 4 YIN— RO 7 2EET 2720 DAL R
FELT, AESHE MVT TNA ZADRBEFRIEAA v F > TRIEET A FI U A%
EH Uiz, BARKI 2 — 0> EXNA 754 2 2 JRETBESTDP) 2T 22 )
TARTDEEITHEI LTz,

We fabricated novel integrated-and-fire neuron and synapse with spike timing dependent
plasticity (STDP), which are good candidates for the basic constructing devices of the
brainmorphic computing hardware, using nonvolatile spin orbit-torque (SOT) switching and
thermal dynamics of semiconductor substrate.

i3 Lorenz BARICE DO RUBSER/N— R 7 ICEAT MR

BRTEANAATAF I AOEMERETEA LR A FETFFTEEA MY — LAKSZ2H
B 5720, HAE Lorenz FARITHED < BEEMERBOSHAT O F N— R LT
FEZ DN TORE 2T o7z, FRICIERBIEDOEEFEITDONT, SIKRDOEDIMITE
H L T Look-up Table Z{Epkd 2 FiEkZzRE L7z,

We researched on fast digital circuit implementation of the quasi-random number generator
based on the augmented Lorenz map to contribute to post-quantum computer cryptography. In
particular, we proposed a design method of look-up tables for the nonlinearities in the map by
employing the distribution characteristics of argument variables of the nonlinear functions.

(FFefdim ]

1

2

Y. Horio, N. Ichinose and M. Ogawa, "Experimental verification of quasi-periodic-orbit
stabilization using a switched-capacitor chaotic neural network circuit," J Nonlinear Theory and
Its Applications, IEICE, vol. 9, no. 2, pp. 218-230, DOL: 10.1587/nolta.9.218, 2018.

N. Ichinose, Y. Horio and M. Ogawa, "Statistical test of quasiperiodicity in the presence of
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dynamical noise," J Nonlinear Theory and Its Applications, IEICE, vol. 9, no. 2, pp. 231-242,
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Quantum Device
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B1 REYIMAZSR (RREH)
Spintronics
(S. Fukami)

EEFOETFCAL > ORBEZHIE L TENISAT 27201, HILWMEORZE,. &1
HEDOEREEEOEMR, KTNSO AEY MO AR TFEERERTAOBHIZET S
W7EaiTo T, S5, FAEREICKD, SEENDEEEENMLIHFINLAE Y
hNOZJ AFF. KOAE Y Oy ZAERBREIEEROMFERFEZIT> Tho,

Our research activities cover the areas of preparation, characterization, and application of new
classes of solid-state materials as well as their quantum structures, in which electronic and spin states
can be controlled. Furthermore, we are working on research and development of advanced technology
for spintronics-based devices and integrated circuits, which are expected to realize high performance
and low power consumption owing to their nonvolatility.

1. REZ FAZI RICEATHHR
Spintronics

BEAFOZAE > EEBROBHEZFE > ZETXIVFNDOEEEERAE hOZ I ART
DEBEEDI LT, BUEECHEENEICBITLAEVEHR, RUOTNS5ZFAL
TeHRAE HEREMEL, FIRAE Y bO o AR TFORIBEICEET 25t 2172 T D,
Tz, BHEREHEEENDOATY TNA X ETIUTK > THIREEL /2 58T L Wim BRI R
BBIOERREUES AT LE, AECHEZAWTERTSZLEZAELLT, R
E2ARY /OYy 7 EBICMT BN ZRET 5.

We are working on spin-related phenomena in magnetic metals and new-functional maters as well
as novel functional spin materials and devices, in order to realize low-power functional spintronic
devices. To realize high-performance low-power consumption spin memory and logic devices, we
are developing technologies to realize advanced spin memory and logic devices using magnetic
tunnel junctions (MTJs) consisting of ferromagnetic metal electrodes and insulating barriers.

) 2> hOz=y XIZBET 558

Spintronics
ZINwF ) o TEREERWEAE Y O AMECREDIERL, A Y KRR
1k D R & AR,

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

2) ®BIER &2 OWRER TISAICBET 25T
Magnetic metal functional devices and their application
20 nm AFOAE > O AR TFEEBIOETF M LM OMTE, ER L 7256
A NOZY AR FORERHE,. L TAE OV AETZRALZEL D
EREEAEZED TS,
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) FRWIEME R OZ DT/ AT OEOYYE L ISR ICEET 2058

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

SRRLMER &SRB OHRIA R E 2 A B DR LWETT N1 A ORI Z
ToTnb,
Exploration of novel electron devices based on new magnetic structures is being carried out.

4) @ b RIS R T OB
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Magnetic tunnel junctions with high output voltage
S~ IV EEMTINET OEERILZTTo T o,

Development of high-performance magnetic tunnel junctions (MTJs) consisting of

ferromagnetic metal electrodes is being carried out.

5) @BRAE L MO AT INA ADBZE

Metal-based spintronics devices

Wl E&BRAE Y b0 AT NA ADIER &2 OREFHME. AEAEY DY

v 7 BEARREEIEZTO TV,

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) AEAEARAL KRR T DB
Spin transfer torque memory and logic devices

KFZRABEINTANT T2 A B AEABMERERIZBE T 205t 2170 T o,

Characterizing spin transfer torque switching toward reduction of writing power is being

carried out.

2. RAE FOZ S REBERKICEAT SR

(

1.

Research and Development of distributed IT system using Spintronics based integrated

circuits

NER TMERETCEIMMER TE 28O0 IT #IROER | OEFEMFETHS (R
Erho=y 2&@EEE) 702z MIBWT, SEREESEEL TI)FO—N\—
RAT A4 2T THWET 2 AE > hO=J ZEREEETHE - BT ORFENMTHON,
Spintronics materials and devices for spintronics based integrated circuits that can be driven by
energy-harvesting were studied in Research activities in "Achieving ultimate Green IT
Devices with long usage times without charging" program under Impulsing

Paradigm Change through Disruptive Technologies Program.

1) TFP—=N—RAT 1 7 THET2AE > bo=y ZERBREERGAE - FFIC

B9 S 5%

Developments of spintronics materials and devices for spintronics based integrated circuits

that can be driven by energy-harvesting

ITF O N—ARAT 4 T THEHT LAY b=y ZEBREERT ORI >
INBEZEABEL TS WM TAEY Y POV AE T, MOEHRTFAE Oz

O ARTEERL ., EREEZFN.

Two terminal and three terimanl devices based on magnetic tunnel junction for spintronics
based integrated circuits that can be drived by energy-harvesting were fabricated and

studied.
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A. Okada, S. Kanai, S. Fukami, H. Sato, and H. Ohno, "Electric-field effect on the easy cone
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Conference on Physics and Applications of Spin Phenomena in Solids — PASPS10, Linz, Austria,
2018/08/05-2018/08/09.

W. A. Borders, S. Fukami, and H. Ohno, "Antiferromagnet/Ferromagnet Based Spin-Orbit
Torque Devices for Hopfield Network Applications (Invited)," Explorative Workshop: Spintronic
Perspectives on Neuromorphic Computing, Jiilich, Germany, 2018/08/13-2018/08/15.

S. Fukami, W. A. Borders, A. Kurenkov, C. Zhang, S. DuttaGupta, and H. Ohno, "Analog
spintronics device for artificial neural networks (Invited)," The 2018 International Symposium
on Nonlinear Theory and Its Applications (NOLTA2018), Tarragona, Spain,
2018/09/02-2018/09/06.

C. Zhang, Y. Takeuchi, S. Fukami, and H. Ohno, "Spin-orbit torque switching in nanoscale
devices — physics and material engineering (Invited)," KITS Workshop 2018, Beijing, China,
2018/10/01-2018/10/19.

S. Fukami, W. A. Borders, A. Kurenkov, C. Zhang, S. DuttaGupta, and H. Ohno, "Associative
memory operation using analog spin-orbit torque device (Invited)," SPICE Workshop -
Spintronics meets Neuromorphics, Mainz, Germany, 2018/10/08-2018/10/12.

H. Ohno, "Spintronics Nanodevices (Plenary Lecture)," 14th International Conference on
Atomically Controlled Surfaces, Interfaces and Nanostructures & 26th International Colloquium
on Scanning Probe Microscopy (ACSIN-14 & ICSPM26), Sendai, Japan,
2018/10/21-2018/10/25.

S. Fukami and H. Ohno, "Spin-Orbit Torque Switching in Nanoscale Devices: Material and
Device Engineering (Invited)," 16th RIEC International Workshop on Spintronics and 8th JSPS
Core-to-Core Workshop on “New-Concept Spintronic Devices” , Laboratory for Nanoelectronics
and Spintronics, Research Institute of Electrical Communication, Tohoku University,
2019/01/09-2019/01/12.

M. Shinozaki, J. Igarashi, J. Llandro (*Speaker), S. Fukami, H. Sato and H. Ohno, "Size
Dependence of the Influence of Edge Effects in Nanoscale Perpendicular-Anisotropy Magnetic
Tunnel Junctions (Invited)," The 2nd Symposium for World Leading Research Centers, Sendai
International Center, Sendai, 2019/02/15-2019/02/17.

K. Watanabe, B. Jinnai, S. Fukami, H. Sato and H. Ohno, "1X and X nm Perpendicular-easy-axis
Magnetic Tunnel Junctions utilizing Shape Anisotropy (Invited)," The 2nd Symposium for World
Leading Research Centers, Sendai International Center, Sendai, 2019/02/15-2019/02/17.

S. Fukami and H. Ohno, "Spin orbitronics for high-speed memory and artificial neural network
(Invited)," 2nd Tohoku/SG-SPIN Workshop in Spintronics, National University of Singapore,
Singapore, 2019/02/22-2019/02/23.

S. Fukami, "Spintronic Devices for Neural Networks (Invited)," APS March Meeting 2019,
Boston, Massachusetts, USA, 2019/03/03-2019/03/07.
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33.

34.
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37.

B. Jinnai, H. Sato, S. Fukami, and H. Ohno, "Nanoscale spin-orbit torque devices with Co/Pt
multilayers for wide-temperature range applications," IEEE International Magnetics Conference
(INTERMAG 2018), Singapore, 2018/04/23-2018/04/28.

Y. Takeuchi, C. Zhang, A. Okada, H. Sato, S. Fukami, and H. Ohno, "Harmonic measurement of
current induced spin-orbit torques in high-resistivity-W/CoFeB/MgO," IEEE International
Magnetics Conference (INTERMAG 2018), Singapore, 2018/04/23-2018/04/28.

K. Watanabe, B. Jinnai, S. Fukami, H. Sato, and H. Ohno, "X nm Magnetic Tunnel Junctions
with Perpendicular Anisotropy," IEEE International Magnetics Conference (INTERMAG 2018),
Singapore, 2018/04/23-2018/04/28.

N. Ichikawa, T. Dohi (*Speaker), A. Okada, H. Sato, S. Fukami, and H. Ohno, "Electric-field
effect on the exchange stiffness in CoFeB/MgO stacks," IEEE International Magnetics
Conference (INTERMAG 2018), Singapore, 2018/04/23-2018/04/28.

M. Shinozaki, J. Igarashi (*Speaker), H. Sato, and H. Ohno, "Effect of free-layer size on
magnetic properties in nanoscale magnetic tunnel junctions," IEEE International Magnetics
Conference (INTERMAG 2018), Singapore, 2018/04/23-2018/04/28.

K. Watanabe, B. Jinnai, H. Sato, S. Fukami, and H. Ohno, "Shape-anisotropy magnetic tunnel
junctions," 7th Workshop of the Core-to-Core Project Tohoku-York-Kaiserslautern,
Kaiserslautern, Germany, 2018/05/28-2018/05/30.

Y. Takeuchi, C. Zhang, A. Okada, H. Sato, S. Fukami, and H. Ohno, "Extended harmonic Hall
measurement of spin-orbit torques in high-resistivity-W/CoFeB/MgO," 7th Workshop of the
Core-to-Core Project Tohoku-York-Kaiserslautern, Kaiserslautern, Germany,
2018/05/28-2018/05/30.

J. Igarashi, M. Shinozaki, J. Llandro, H. Sato, and H. Ohno, "Dependence of magnetic
anisotropy on free-layer size in nanoscale magnetic tunnel junctions," 7th Workshop of the
Core-to-Core Project Tohoku-York-Kaiserslautern, Kaiserslautern, Germany,
2018/05/28-2018/05/30.

E. Jackson, J. Kim, S. DuttaGupta, S. Fukami, H. Ohno, M. Sun, T. Kubota, K. Takanashi, and A.
Hirohata, "Non-Destructive Imaging of Buried Junctions Using Scanning Electron Microscopy,"
The 5th International Conference of Asian Union of Magnetics Societies (ICAUMS 2018), Jeju,
Korea, 2018/06/03-2018/06/07.

Y. Takeuchi, K. Furuya, Y. Takahashi, C Zhang, A. Okada, B. Jinnai, H. Sato, S. Fukami and H.
Ohno, "Spin-orbit torque in W/CoFeB/MgO heterostructures — Wide-range W resistivity
dependence," The 21st International Conference on Magnetism (ICM2018), San Francisco, CA,
USA, 2018/07/16-2018/07/20.

A. Kurenkov, M. Baumgartner, G. Sala, G. Krishnaswamy, F. Maccherozzi, S. Fukami, P.
Gambardella and H. Ohno, "Observation of domains during spin-orbit torque induced
memristive switching in antiferromagnet/ferromagnet heterostructures," The 21st International
Conference on Magnetism (ICM2018), San Francisco, CA, USA, 2018/07/16-2018/07/20.

S. DuttaGupta, A. Kurenkov, R. Itoh, A. Okada, S. Fukami, and H. Ohno, "Angular dependence
of magnetoresistance in asymmetric and symmetric nonmagnet/antiferromagnet metallic
heterostructures," The 21st International Conference on Magnetism (ICM2018), San Francisco,
CA, USA, 2018/07/16-2018/07/20.

R. Itoh, Y. Takeuchi, S. DuttaGupta, S. Fukami and H. Ohno, "Spin-orbit torque of PtMn/CoFeB
evaluated by extended harmonic Hall measurement," The 21st International Conference on
Magnetism (ICM2018), San Francisco, CA, USA, 2018/07/16-2018/07/20.

K. Watanabe, B. Jinnai, S. Fukami, H. Sato, and H. Ohno, "Magnetization reversal mechanism of
shape-anisotropy magnetic tunnel junctions," The 21st International Conference on Magnetism
(ICM2018), San Francisco, CA, USA, 2018/07/16-2018/07/20.

Y. Takahashi, Y. Takeuchi, C Zhang, B. Jinnai, S. Fukami and H. Ohno, "Spin-orbit torque
induced switching of in-plane nanomagnet arrays evaluated through differential planar Hall

69



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

effect," The 21st International Conference on Magnetism (ICM2018), San Francisco, CA, USA,
2018/07/16-2018/07/20.

K. Watanabe, B. Jinnai (*Speaker), S. Fukami, H. Sato, and H. Ohno, "Magnetic tunnel junction
scaling into the single-digit nanometer regime," 10th International School and Conference on
Physics and Applications of Spin Phenomena in Solids (PASPS10), Linz, Austria,
2018/08/05-2018/08/09.

J. Igarashi, J. Llandro (*Presenter), M. Shinozaki, H. Sato, S. Fukami, and H. Ohno, "Influence
on magnetization switching of edge effects in nano-scale perpendicular-anisotropy CoFeB/MgO
magnetic tunnel junctions," 10th International School and Conference on Physics and
Applications of Spin Phenomena in Solids (PASPS10), Linz, Austria, 2018/08/05-2018/08/09.

G. Krishnaswamy, A. Kurenkov, G. Sala, M. Baumgartner, F. Maccherozzi, S. Fukami, P.
Gambardella, and H. Ohno, "Spin-orbit torque induced domain switching in antiferromagnet /
ferromagnet heterostructures," Annual Meeting of the Swiss Physical Society (SPS), Lausanne,
Switzerland, 2018/08/28-2018/08/31.

G. Krishnaswamy, A. Kurenkov, G. Sala, M. Baumgartner, F. Maccherozzi, S. Fukami, P.
Gambardella, and H. Ohno, "Spin-orbit torque induced domain switching in antiferromagnet /
ferromagnet heterostructures," Joint European Magnetic Symposia, Mainz, Germany,
2018/09/03-2018/09/07.

S. DuttaGupta, R. Itoh, S. Fukami, and H. Ohno, "Angle dependent magnetoresistance in
nonmagnet/antiferromagnet metallic heterostructures," Joint European Magnetic Symposia,
Mainz, Germany, 2018/09/03-2018/09/07.

B. Jinnai, C. Zhang, A. Kurenkov, M. Bersweiler, H. Sato, S. Fukami, and H. Ohno, "Spin-orbit
torque switching in perpendicular-magnetized Co/Pt multilayers," NIMS Academic Symposium,
Tokyo, Japan, 2018/10/15.

Y. Takahashi, Y. Takeuchi, C. Zhang, B. Jinnai (*Presenter), S. Fukami, and H. Ohno,
"Spin-orbit torque switching in in-plane nanomagnets characterized by planar Hall effect,"
NIMS Academic Symposium, Tokyo, Japan, 2018/10/15.

S. Kanai, Y. Nakatani, F. Matsukura, and H. Ohno, "Thermal effect in magnetization dynamics
induced by electric-field in a magnetic tunnel junction," CSRN-Osaka Annual Workshop 2018,
Nambu Yoichiro Hall, Osaka University, 2018/12/13-2018/12/15.

B. Jinnai, H. Sato, S. Fukami and H. Ohno , "Wide-temperature spin-orbit torque switching
operation in high-thermal-stability Co/Pt-multilayer nanowire device ," 16th RIEC International
Workshop on Spintronics and 8th JSPS Core-to-Core Workshop on “New-Concept Spintronic
Devices” , Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, 2019/01/09-2019/01/12.

S. DuttaGupta, R. Itoh, S. Fukami and H. Ohno, "Angular dependence of longitudinal and
transverse magnetoresistance in antiferromagnet/nonmagnet metallic heterostructures ," 16th
RIEC International Workshop on Spintronics and 8th JSPS Core-to-Core Workshop on
“New-Concept Spintronic Devices” , Laboratory for Nanoelectronics and Spintronics, Research
Institute of Electrical Communication, Tohoku University, 2019/01/09-2019/01/12.

C. Zhang, S. Fukami, S. DuttaGupta, H. Sato and H. Ohno , "Time and spatial evolution of
spin-orbit torque-induced switching in W/CoFeB/MgO ," 16th RIEC International Workshop on
Spintronics and 8th JSPS Core-to-Core Workshop on “New-Concept Spintronic Devices” ,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical Communication,
Tohoku University, 2019/01/09-2019/01/12.

K. Watanabe, B. Jinnai, S. Fukami, H. Sato and H. Ohno, "Magnetization Reversal of a 1X/X nm
Perpendicular Shape-Anisotropy MTJ ," 16th RIEC International Workshop on Spintronics and
8th JSPS Core-to-Core Workshop on “New-Concept Spintronic Devices” , Laboratory for
Nanoelectronics and Spintronics, Research Institute of Electrical Communication, Tohoku
University, 2019/01/09-2019/01/12.
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59.

60.
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62.

T. Dohi, S. DuttaGupta, S. Fukami, and H. Ohno, "Ferromagnet thickness dependence of
effective Dzyaloshinskii-Moriya field in W/(Co)FeB/MgO systems," 16th RIEC International
Workshop on Spintronics and 8th JSPS Core-to-Core Workshop on “New-Concept Spintronic
Devices”, Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University, 2019/01/09-2019/01/12.

J. Igarashi, M. Shinozaki, J. Llandro, H. Sato, S. Fukami and H. Ohno, "Effects of free layer size
on magnetic properties and current induced magnetization switching in nanoscale CoFeB/MgO
magnetic tunnel junctions," 16th RIEC International Workshop on Spintronics and 8th JSPS
Core-to-Core Workshop on “New-Concept Spintronic Devices” , Laboratory for Nanoelectronics
and Spintronics, Research Institute of Electrical Communication, Tohoku University,
2019/01/09-2019/01/12.

W. A. Borders, S. Fukami and H. Ohno, "Analogue Spin-Orbit Torque Devices for Artificial
Neural Network Applications ," 16th RIEC International Workshop on Spintronics and 8th JSPS
Core-to-Core Workshop on “New-Concept Spintronic Devices” , Laboratory for Nanoelectronics
and Spintronics, Research Institute of Electrical Communication, Tohoku University,
2019/01/09-2019/01/12.

Y. Takahashi, Y. Takeuchi, C. Zhang, B. Jinnai, S. Fukami and H. Ohno, "Spin-orbit
torque-induced switching of in-plane magnetized elliptic nanodots detected using planar Hall
effect ," 16th RIEC International Workshop on Spintronics and 8th JSPS Core-to-Core Workshop
on “New-Concept Spintronic Devices” , Laboratory for Nanoelectronics and Spintronics,
Research Institute of Electrical Communication, Tohoku University, 2019/01/09-2019/01/12.

R. Itoh, Y. Takeuchi, S. DuttaGupta, S. Fukami, and H. Ohno, "Antiferromagnet layer thickness
dependence of spin-orbit torque in PtMn/CoFeB structures," 16th RIEC International Workshop
on Spintronics and 8th JSPS Core-to-Core Workshop on “New-Concept Spintronic Devices”,
Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical Communication,
Tohoku University, 2019/01/09-2019/01/12.

M. Shinozaki, T. Dohi, J. Igarashi, J. Llandro, S. Kanai, S. Fukami, H. Sato, and H. Ohno, "Edge
state of nanoscale magnetic tunnel junctions proved by spin-wave resonance," 2019 Joint
MMM-Intermag Conference, Washington, DC, USA, 2019/01/14-2019/01/18.

C. Zhang, Y. Takeuchi, Y. Takahashi, S. Fukami and H. Ohno, "Sub-ns and low-power
magnetization switching by combination of spin-orbit torque and spin-transfer torque," 2019
Joint MMM-Intermag Conference, Washington, DC, USA, 2019/01/14-2019/01/18.

K. Furuya, Y. Takeuchi, C. Zhang, B. Jinnai, S. Fukami, and H. Ohno, "Relationship between
spin-orbit torque switching efficiency and W resistivity in W/CoFeB/MgO," 2019 Joint
MMM-Intermag Conference, Washington, DC, USA, 2019/01/14-2019/01/18.

T. Dohi, S. Duttagupta, Y. Takeuchi, S. Fukami, and H. Ohno, "Sign reversal of
Dzyaloshinskii-Moriya effective field with ferromagnetic layer thickness in W/(Co)FeB/MgO
heterostructures," 2019 Joint MMM-Intermag Conference, Washington, DC, USA,
2019/01/14-2019/01/18.

M. Bersweiler, H. Sato, and H. Ohno, "Magnetic and free-layer properties of
MgO/(Co)FeB/MgO  structure: Dependence on CoFeB composition," 2019 Joint
MMM-Intermag Conference, Washington, DC, USA, 2019/01/14-2019/01/18.

J. Igarashi, S. Kanai, M. Shinozaki, J. Llandro, H. Sato, S. Fukami, and H. Ohno, "Asymmetric
distortion of astroid curve with current bias in nanoscale magnetic tunnel junction," 2019 Joint
MMM-Intermag Conference, Washington, DC, USA, 2019/01/14-2019/01/18.

S. Kanai, Y. Nakatani, F. Matsukura, and H. Ohno, "Magnetization Dynamics Induced by
Electric-field in a Nanoscale Magnetic Tunnel Junction," The 2nd Symposium for World
Leading Research Centers, Sendai International Center, Sendai, 2019/02/15-2019/02/17.

S. DuttaGupta, R. Itoh, S. Fukami and H. Ohno, "Spin Hall Magnetoresistance in
antiferromagnet/non-magnet metallic heterostructures," The 2nd Symposium for World Leading
Research Centers, Sendai International Center, Sendai, 2019/02/15-2019/02/17.
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64.

65.

66.

67.

B. Jinnai, H. Sato, S. Fukami, and H. Ohno, "Magnetization switching induced by spin-orbit
torques in Co/Pt multilayer nanowire device over a wide range of temperatures," The 2nd
Symposium for World Leading Research Centers, Sendai International Center, Sendai,
2019/02/15-2019/02/17.

A. Kurenkov, M. Baumgartner, G. Sala, G. Krishnaswamy, F. Maccherozzi, S. Fukami, P.
Gambardella and H. Ohno, "Observation of domains during spin-orbit torque induced
memristive switching in antiferromagnet/ferromagnet heterostructures," The 2nd Symposium for
World Leading Research Centers, Sendai International Center, Sendai, 2019/02/15-2019/02/17.

C. Zhang, Y. Takeuchi, Y. Takahashi, S. Fukami, and H. Ohno, "Sub-ns switching by combining
SOT and STT in MTJ devices," The 2nd Symposium for World Leading Research Centers,
Sendai International Center, Sendai, 2019/02/15-2019/02/17.

T. Dohi, S. Duttagupta, S. Fukami, and H. Ohno, "Sign change of effective
Dyaloshinskii-Moriya field with varying ferromagnet thickness in W/(Co)FeB/MgO systems,"
2nd Tohoku/SG-SPIN Workshop in Spintronics, National University of Singapore, Singapore,
2019/02/22-2019/02/23.

Y. Takeuchi, K. Furuya, Y. Takahashi, B. Jinnai, C. Zhang, S. Fukami, and H. Ohno,
"Engineering of spin-orbit torques in W/CoFeB/MgO heterostructures for efficient control of
magnetization," 2nd Tohoku/SG-SPIN Workshop in Spintronics, National University of
Singapore, Singapore, 2019/02/22-2019/02/23.
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Ultra-Broadband Signal Processing
(T. Otsuji and A. Satou)

MEREI VKR - TINIVYEHFERETFT /N ADHAR

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 examplé 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.

EocTANE DO

1.

V. Ryzhii, D.S. Ponomarev, M. Ryzhii, V. Mitin, M.S. Shur, and T. Otsuji, "Negative and
positive terahertz and infrared photoconductivity in uncooled graphene," Opt. Mat. Exp., vol. 9,
no. 2, pp- 585-597, 2019. DOI: 10.1364/OME.9.000585

D.V. Lavrukhin, A.E. Yachmenev, L.A. Glinskiy, R.A. Khabibullin, Y.G. Goncharov, M. Ryzhii,
T. Otsuji, LE. Spector, M. Shur, M. Skorobogatiy, K.I. Zaytsev, and D. Ponomarev, "Terahertz
photoconductive emitter with dielectric-embedded high-aspect-ratio plasmonic grating for
operation with low-power optical pumps," AIP Advances, vol. 9, pp. 015112-1-5, 2019. DOL:
10.1063/1.5081119

V. Ryzhii, T. Otsuji, M. Ryzhii, D.S. Ponomarev, V.E. Karasik, V. G .Leiman, V. Mitin and M.S.
Shur, "Electrical modulation of terahertz radiation using graphene-phosphorene
heterostructures," Semicond. Sci. Technol., vol. 33, pp. 124010-1-8, Nov. 2018.
DOI:10.1088/1361-6641/aae9b2

V. Ryzhii, M. Ryzhii, D: Svintsov, V.G. Leiman, P.P. Maltsev, D.S. Ponomarev, V. Mitin, M.S
Shur, and T. Otsuji, "Real-space-transfer mechanism of negative differential conductivity in

gated graphene-phosphorene hybrid structures: Phenomenological heating model," J. Appl.
Phys., vol. 124, iss. 114501, pp. 114501-1-9, Sept. 2018. DOI: 10.1063/1.5046135

V. Aleshkin, A. Dubinov, S. Morozov, M. Ryzhii, T. Otsuji, V. Mitin, M. Shur, and V. Ryzhii,
"Interband infrared photodetectors based on HgTe-CdHgTe quantum-well heterostructures,"
Opt. Mat. Exp., vol. 8, no. 5, pp. 1349-1358, Apr. 2018. DOI: 10.1364/OME.8.001349

I. Gayduchenko, G. Fedorov, M. Moskotin, D. Yagodkin, S. Seliverstov, G. Gol'tsman, A.
Kuntsevich, M. Rybin, E. Obraztsova, V. Leiman, M. Shur, T. Otsuji, V. Ryzhii, "Manifestation
of plasmonic response in the detection of sub-terahertz radiation by graphene based devices,"
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Nanotechnology, vol. 29, no. 24, pp. 245204-1-8, April 2018. DOI: 10.1088/1361-6528/aab7a5

7. M. Ryzhii, T. Otsuji, V. Karasik, V. Leiman, M.S. Shur, V. Ryzhii, and V. Mitin, "Characteristics
of vertically stacked graphene-layer infrared photodetectors," Solid State Electron., vol. 155, pp.
123-128,2019. DOI: 10.1016/j.ss¢.2019.03.021

(EpREER]

1. T. Otsuji, "Terahertz light emission and lasing in current-driven graphenebased 2D
nano-structures,” ISPlasma2019: 11th Int. Symp. on Advanced Plasma Science and its
Applications for Nitrides and Nanomaterials, 18pC041 (2 pages), Nagoya Institute of
Technology, Nagoya, Japan, March 18, 2019. (Invited)

2. A. Satou, Y. Omori, S. Manabe, T. Hosotani, K. Iwatsuki, and T. Otsuji, "Millimeter-wave
photonic double-mixing by InGaAs-HEMTs for optical to wireless carrier frequency
down-conversion," The 23rd International Symposium on Nanophysics and Nanoelectronics,
Nizhny Novgorod, Russia, March 11-14, 2019. (Invited)

3. P. Padmanabhan, S. Boubanga-Tombet, T. Otsuji, and R. Prasankumar, "Magnetoplasmonic
manipulation of THz transmission and Faraday rotation using graphene micro-ribbon arrays,"
OTST: Optical Terahertz Science and Technology Dig., Tu-P-27 (1 page), Eldrado Hotel&Spa,
Santa Fe, NM, USA, March 12, 2019.

4. M. Suzuki, T. Hosotani, T. Suemitsu, Y. Takida, H. Ito, H. Minamide, T. Otsuji, and A. Satou,
"Introduction of 2D nanoantennas to grating-gate plasmonic THz detector for controlling Its
polarization characteristics," OTST: Optical Terahertz Science and Technology Dig., Tu-P-13 (1
page), Eldrado Hotel&Spa, Santa Fe, NM, USA, March 12, 2019.

5. Y. Omori, T. Hosotani, T. Otsuji, K. Iwatsuki, and A. Satou, "UTC-PD-integrated HEMT for
optical-to-millimeter-wave carrier frequency down-conversion," OFC: Optical Fiber
Conference Dig., Th3B.5, pp. Th3B.5-1-3, San Diego, CA, USA, March 6, 2019.

6. D.V. Lavrukhin, A.E. Yachmenev, [.A. Glinskiy, R.A. Khabibullin, Y.G. Goncharov, M. Ryzhii,
T. Otsuji, LE. Spector, M. Shur, M. Skorobogatiy, K.I. Zaytsev, a and D.S. Ponomareyv,
"Terahertz photoconductive emitter with dielectricembedded high-aspect-ratio plasmonic
grating for operation with low-power optical pumps," iWAT: the International Workshop on
Antenna Technology 2019, Florida International University (FIU) at the Graham Center, Miami,
FL, USA, March 3, 2019.

7. V. Ryzhii and T. Otsuji, "Vertical Injection in black phophorus-graphene heterostructures for
terahertz lasing," 1&2DM Conference and Exhibition, Tokyo Big-Site, Tokyo, Japan, Feb. 28,
2019.

8. Deepika Yadav, Stephane Boubanga-Tombet, Alexander Dubinov, Victor Ryzhii, and Taiichi
Otsuji, "Graphene-based van der Waals heterostructures towards a new type of
quantum-cascade terahertz lasers," 1&2DM Conference and Exhibition, Tokyo Big-Site, Tokyo,
Japan, Feb. 28, 2019. (Invited, Keynote)

9. T. Watanabe, "Terahertz light emitting and lasing operation in graphene-based haterostructure
2D material systems," The 2nd Internatioal Workshop on 2D Materials A3 Foresight Program
Abstracts Book, P-1, Nanjing University, Nanging, China, Feb. 21-23, 2019.

10. T. Otsuji, "Graphene optoelectronics and plasmonics for terahertz device applications," The 2nd
Internatioal Workshop on 2D Materials A3 Foresight Program Abstracts Book, PL-1, Nanjing
University, Nanging, China, Feb. 21-23, 2019. (Invited, Lecture)

11. T. Otsuji, "Graphene-based 2D-heterostructures for terahertz lasers and amplifiers," SPIE
Photonics West, Conference 10917: Terahertz, RF, Millimeter, and Submillimeter-Wave
Technology and Applications XII, 10917-15, San Fransisco, CA, USA, Feb. 5, 2019. (Invited):
[D. Yadav, S. Boubanga-Tombet, A. Satou, T. Tamamushi, T. Watanabe, T. Suemitsu, H.
Fukidome, M. Suemitsu, A. A. Dubinov, V. V. Popov, M. Ryzhii, V. Mitin, M. S. Shur, V. Ryzhii,
T. Otsuji, Proc. SPIE, vol. 10917, pp. 109170G-1-10, 2019. DOIL: 10.1117/12.2516494]
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

D. Yadav, S. Boubanga-Tombet, G. Tamamushi, T. Watanabe, A. Satou, A. Dubinov, M. Ryzhii,
V. Ryzhii, and T. Otsuji, "Terahertz current-driven plasmonic lasing and amplification," WINDS
18: International Workshop on Innovative Nanoscale Devices and Systems Book of Abstracts, p.
72, Westin Hapuna Beach Resort, Hawaii, USA, Nov. 25-29, 2018. (Invited)

T. Uchino, K. Shiga, K. Sugawara, H. Fukidome, A. Satou, and T. Otsuji, “Fabrication of Gate
Tunable Graphene Lateral Tunnel Diodes,” 2018 MRS Fall Meeting Dig., NM01.07.16, Hynes
Convention Center, Boston, MA, USA, Nov. 27, 2018.

T. Otsuji, "Emission and detection of terahertz radiation in graphene-based 2D electron
devices," 12th Spanish Conference on Electron Devices Abstracts, pp. 69-70, Hospederia
Fonseca,Univ. Salamanca, Salamanca, Spain, Nov. 14-16, 2018. (Invited, Plenary)

T. Otsuji, "Recent advances in 2D electronic and plasmonic terahertz devices utilizing
graphenebased 2D materials," IEEE EDS Mini-Colloquium, Distinguished Lecture, IEEE
Electron Device Society Spain Chapter, Hospederia Fonseca, Univ. Salamanca, Salamanca,
Spain, Nov. 13, 2018. (Invited)

T. Otsuji, "Plasmon resonances in 2DEG and their applications to high-speed electron devices,"
IEEE EDS DL Public Lecture, IEEE EDS Japan Council Chapter, Ito Campus, Kyushu
University, Fukuoka, Nov. 8, 2018. (Invited)

T. Otsuji, "Recent advances in 2D electronic terahertz devices based on graphene-based 2D
materials," IEEE Distinguished Lecturer Programme, UniMAP, Perlis, Malaysia, Oct. 11, 2018.
(Invited)

T. Otsuji, "Recent advances in 2D electronic and plasmonic terahertz devices based on
graphene-based 2D materials," IMESS: IEEE International Microwave, Electron Devices, &
Solid-State Circuit Symposium 2018, PSDC, Penang, Malaysia, Oct. 9-10, 2018. (Invited)

A. Yachmenev, D. Lavrukhin, L. Glinskiy, R. Khabibullin, R. Galiev, A. Pavlov, Yu. Goncharov,
L. Spektor, M. Ryzhii, T. Otsuji, K. Zaytsev, and D. Ponomarev, "Plasmonic terahertz emitters
with high-aspect raio metal gratings," ICMNE-2018: International Conference on Nano- and
Micro-Electronics Book of Abstracts, O2-16, p. 61, the Park-Hotel “Ershovo” in Zvenigorod,
Moscow Region, Russia, 1-5 Oct. 2018. (Invited)

A. Satou, Y. Omori, S. Manabe, T. Hosotani, T. Suemitsu, and T. Otsuji, "Photonic
double-mixing by InGas-HEMTs for optical to MMW-THz carrier frequency
down-conversion," ICMNE-2018: International Conference on Nano- and Micro-Electronics
Book of Abstracts, L.2-03, p. 44, the Park-Hotel “Ershovo” in Zvenigorod, Moscow Region,
Russia, 1-5 Oct. 2018. (Invited)

V. Ryzhii, T. Otsuji, M. Ryzhii, V. Leiman, D. Ponomarev, P.P. Maltsev, D. Svintsov, V. Mitin,
and M.S. Shur, "Graphene-phosphorene hybrid structures and their applications,"
ICMNE-2018: International Conference on Nano- and Micro-Electronics Book of Abstracts,
L.2-02, p. 43, the Park-Hotel “Ershovo” in Zvenigorod, Moscow Region, Russia, 1-5 Oct. 2018.
(Invited)

D. Yadav, T. Watanabe, S. Boubanga-Tombet, A. Satou, V. Ryzhii, M. Ryzhii, A.A. Dubinov, W.
Knap, V.V. Popov, T. Otsuji, "Graphene-based 2D heterostructures for terahertz photonic and
plasmonic light-sources applications," ICMNE-2018: International Conference on Nano- and
Micro-Electronics Book of Abstracts, L2-01, p. 42, the Park-Hotel “Ershovo” in Zvenigorod,
Moscow Region, Russia, 1-5 Oct. 2018. (Invited)

D.V. Lavrukhin, A.E. Yachmenev, L.A. Glinskiy, R.A. Khavibullin, Yu G. Goncharov, M. Ryzhii,
T. Otsuji, K.I. Zaytsev, and D.S. Ponomarev, "Terahertz photoconductive emitters with
plasmonic gratings: modeling and experiment," RJUSE: the 7th Russia-Japan-USA-Europe
Symposium on Fundamental & Applied Problems of Terahertz Devices & Technologies Book
of Abstracts, Fri-3-2, p. 136, CBF Nowy Swiat, Warsaw, Poland, 17-21 Sept. 2018. (Invited)

M. Suzuki, T. Hosotani, T. Otsuji, T. Suemitsu, Y. Takida, H. Ito, H. Minamide, and A. Satou,
"2D diffraction grating for controlling polarization characteristics of grating-gate plasmonic
THz detector," RJUSE: the 7th Russia-Japan-USA-Europe Symposium on Fundamental &
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Applied Problems of Terahertz Devices & Technologies Book of Abstracts, Fri-2-4, pp.
130-131, CBF Nowy Swiat, Warsaw, Poland, 17-21 Sept. 2018.

T. Otsuji, D. Yadav, S. Boubanta-Tombet, T. Watanabe, A. Satou, A.A. Dubinov, M. Ryzhii, V.V.
Popov, W. Knap, V. Mitin, M.S. Shur, and V. Ryzhii, "Emission and amplification of terahertz
radiation using Dirac fermions and plasmons in graphene," RJUSE: the 7th
Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz
Devices & Technologies Book of Abstracts, Fri-2-3, pp. 128-129, CBF Nowy Swiat, Warsaw,
Poland, 17-21 Sept. 2018. (Invited)

J.A. Delgado Notario, V. Clerico, Y.M. Meziani, E. Diez, J.E. velazquez, T. Taniguchi, K.
Watanabe, D. Yadav, and T. Otsuji, "Terahertz detection by bilayer graphene multifinger field
effect transistor," RJUSE: the 7th Russia-Japan-USA-Europe Symposium on Fundamental &
Applied Problems of Terahertz Devices & Technologies Book of Abstracts, Fri-2-1, pp.
124-125, CBF Nowy Swiat, Warsaw, Poland, 17-21 Sept. 2018. (Invited)

A.A. Dubinov, V.Ya. Aleshkin, S.V. Morozov, V. Ryzhii, and T. Otsuji, "Terahertz
plasmon-emitting graphene-channel transistor," RJUSE: the 7th Russia-Japan-USA-Europe
Symposium on Fundamental & Applied Problems of Terahertz Devices & Technologies Book
of Abstracts, Fri-1-4, pp. 122-123, CBF Nowy Swiat, Warsaw, Poland, 17-21 Sept. 2018.

A. Satou, Y. Ohmori, S. Manabe, T. Hosotani, T. Suemitsu, and T. Otsuji, "Carrier frequency
down-conversion from optical to MMW/THz data signal using InGaAs-HEMT," RJUSE: the
7th Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz
Devices & Technologies Book of Abstracts, Wed-2-2, pp. 70-72, CBF Nowy Swiat, Warsaw,
Poland, 17-21 Sept. 2018. (Invited)

M. Ryzhii, T. Otsuji, V. Ryzhii, V. Aleshkin, A. Dubinov, V.E. Karasik, V. Leiman, V. Mitin, and
M.S. Shur, "Concepts of infrared and terahertz photodetectors based on vertical graphene and
HgTe-CdHgTe heterotructures," RJUSE: the 7th Russia-Japan-USA-Europe Symposium on
Fundamental & Applied Problems of Terahertz Devices & Technologies Book of Abstracts,
Tue-4-3, pp. 51-53, CBF Nowy Swiat, Warsaw, Poland, 17-21 Sept. 2018. (Invited)

S. Boubanga-Tombet, D. Yadav, W. Knap, V. Popov, and T. Otsuji, "Terahertz light
amplification by instability-driven stimulated emission of graphene plasmon polaritons,"
IRMMW-THz: the 43rd International Conference on Infrared, Millimeter and Terahertz Waves
Dig., Tu-A2-R2-5, Nagoya, Aichi, Japan, 9-14 Sept. 2018. DOI:
10.1109/IRMMW-THz.2018.8510241

M. Suzuki, T. Hosotani, T. Otsuji, T. Suemitsu, Y. Takida, H. Ito, H. Minamide, and A. Satou,
"Coupling of 2D plasmons in grating-gate plasmonic THz detector to THz wave with lateral
polarization," IRMMW-THz: the 43rd International Conference on Infrared, Millimeter and
Terahertz Waves Dig., Tu-A2-la-2, Nagoya, Aichi, Japan, 9-14 Sept. 2018. DOI:
10.1109/IRMMW-THz.2018.8510281

A. Satou, M. Suzuki, T. hosotani, Y. Takida, H. Ito, H. Minamide, T. Suemitsu, and T. Otsuji,
"THz devices based on transistors incorporated with 2D plasmonic metamaterial structures," A3
Metamaterials Forum 2018, I18, POSTECH, Korea, 12-15 Aug. 2018. (Invited)

V. Ryzhii, T. Otsuji, M. Ryzhii, V.E. Karasik, V.G. Leiman, V. Mitin, M.S. Shur, V. Ya. Aleshkin,
A.A. Dubinov, and S.V. Morozov, "Comparison of infrared and terahertz photodetectors based
on graphene, CdHgTe, and A3B5 quantumwell heterostructures," PIERS: Progress in
Electromagnetics Research Symposium, 4P14a-21, Toyama, japan, 1-4 Aug. 2018. (Invited)

Juan Antonio Delgado Notario, Vito Cleric, Yahya Moubarak Meziani, Enrique Diez, Jesus
Enrique Velazquez-Perez, Takashi Taniguchi, Kenji Watanabe, Deepika Yadav, Taiichi Otsuji,
"Terahertz detection with asymmetric dual grating gate bilayer graphene field-effect-transistor,"
PIERS: Progress in Electromagnetics Research Symposium, 4A14-51, Toyama, japan, 1-4 Aug.
2018. (Invited)

W. Knap, S. Boubanga-Tombet, D. Yadav, V. Popov, T. Otsuji, "Frequency-tunable terahertz
light amplification by current-driven plasmon instabilities in graphene metamaterials," ICPS:
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36.

37.

38.

39.

40.

41.

42.

43.

44,

34th International Conference on the Physics of Semiconductors Dig., P1 114, Le Corum
Palais des Congrés, Montpellier, France, 29 July - 3 Aug., 2018.

T. Otsuji, "Terahertz light emission and lasing in graphene under current-injection pumping,"
European Conf. on Lasers, Optics and Photonics, Dig., p. 18, Prague, Czech Republic, July
16-17,2018. DOI: 10.21767/2349-3917-C1-001

M. Suzuki, T. Hosotani, T. Otsujil, T. Suemitsu, Y. Takida, H. Ito, H. Minamide, and A. Satou,
“Introduction of 2D Diffraction Grating into Grating-Gate Plasmonic THz Detector for
Controlling Its Polarization Characteristics,” AWAD 2018: the 26th Asia-Pacific Workshop on
Fundamentals and Applications of Advanced Semiconductor Devices Dig., Kitakyushu, Japan,
Jul. 2-4, 2018.

S. Boubanga-Tombet, D. Yadav, W. Knap, V.V. Popov, and T. Otsuji,
"Graphene-channel-transistor terahertz amplifier," DRC: the 76th Annual Device Research
Conference Dig., pp. 1-2, UCSB, CA, USA, June 24-27, 2018. DOL
10.1109/DRC.2018.8442272

J.A. Delgado-Notario, V. Clerico, E. Diez, J.E. Velazquez-Perez, T. Taniguchi, K. Watanabe, D.
Yadav, T. Otsuji, and Y.M. Meziani, "Grating-gated graphene-based heterostructures for
detection of Terahertz radiation," Graphene2018 Dig., p. 197, Dresden, Germany, June 27,
2018. '

Kenta Sugawara, Norifumi Endo, Takayuki Watanabe, Takahiro Komiyama, Yoshiki Fuse,
Hirokazu Fukidome, Maki Suemitsu, and Taiichi Otsuji, "Improved crystallographic high
quality of thermally decomposed epitaxial graphene on 6H-SiC," Graphene 2018 Dig., POI,
Dresden, Germany, June 27, 2018.

T. Otsuji, "Graphene-based 2D heterostructure materials for terahertz photonics and plasmonics
light-sources applications," 2nd Global Summit & Expo on Laser Optics & Photonics 2018 Dig.,
pp. 1-2, Rome, Italy, June 14-16, 2018. (Invited)

S. Boubanga-Tombet, D. Yadav, W. Knap. V.V. Papov, and T. Otsuji, "Terahertz light
amplification by current-driven plasmon instabilities in graphene," CLEO: Int. Conf. on Lasers
and Electro-Optics Dig., SW4D.4, San Jose, CA, USA, May 13-18, 2017. DOL
10.1364/CLEO_S1.2018.SW4D 4

T. Otsuji, "Terahertz light emission and lasing in graphene-based vdW 2D heterostructures,"
Journal of Nanomaterials & Molecular Nanotechnology [Proc. of the 24th World Nano
Conference, Black Hotel Rome, Rome, Italy, May 7-8, 2018.], vol. 7, pp. 59-60, May 2018.
(Invited) DOL: 10.4172/2324-8777-C2-023

D. Yadav, T. Watanabe, A. Satou, M. Ryzhii, V. Ryzhii, and T. Otsuji, "Terahertz light emission
and lasing in current-injection graphene-channel transistors," 2nd Edition of Graphene &
Semiconductors | Diamond, Graphite & Carbon Materials Conference Abstracts, p. 43, Las
Vegas, NV, USA, April 16-17, 2018. (Invited) DOI: 10.4172/2169-0022-C3-097
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B3

BFTNAR (KEFIARE)

Quantum Device
(T. Otsuka)

BT/ EEDOYIERE L TN RICADHF

Electronic properties of nanostructures and device applications

FUWEMALEE, WEICM 8RS LT, AR, S8 U7cEET
BIZBUT2WHEMRA. BEXOTNA AAOMEZED TS, 7/ A=KV AT—)b
DWUNZEER T/ BEE TR TIREOREGYEBRZNEL, INLZ2ERTLIL
WK OH L EREET N Z 2RI 5 2 &ENTE S, ERT /G O RATETRE
OEBLKM R ERER, HEENeBRET 2 2k, EiES/ BEICBT o
HRZEMAL., FLEET / BECBILETFYEEERLZHLWMEL TINAAD
W5, BFEZEITOTW5S, ZHUWCXDEFIL Y O XSS /T Oy A%
ZELUT, HUWERLE, @EHENCEmRT S L2 ET.

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
utilizing nanostructures. We will contribute to new information processing and communication
technologies through quantum and nanoelectronics.

(e foam )

1.

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, SBBI0O7 (2019).

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, “Difference in charge and
spin dynamics in a quantum dot-lead coupled system”, Physical Review B 99, 085402 (2019).

A. Noiri, T. Nakajima, J. Yoneda, M. R. Delbecq, P. Stano, T. Otsuka, K. Takeda, S. Amaha, G
Allison, K. Kawasaki, A. Ludwig, A. D. Wieck, and S. Tarucha, “A fast quantum interface
between different spin qubit encodings™, Nature Communications 9, 5066 (2018).

K. Takeda, J. Yoneda, T. Otsuka, T. Nakajima, M. R. Delbecq, G. Allison, Y. Hoshi, N. Usami, K.
M. Itoh, S. Oda, T. Kodera, and S. Tarucha, “Optimized electrical control of a Si/SiGe spin qubit
in the presence of an induced frequency shift”, npj Quantum Information 4, 54 (2018).

T. Ito, T. Otsuka, T. Nakajima, M. R. Delbecq, S Amaha, J. Yoneda, K. Takeda, A. Noiri, G
Allison, A. Ludwig, A. D. Wieck, and S. Tarucha, “Four single-spin Rabi oscillations in a
quadruple quantum dot”, Applied Physics Letters 113, 093102 (2018).

T. Nakajima, M. R. Delbecq, T. Otsuka, S. Amaha, J. Yoneda, A. Noiri, K. Takeda, G. Allison, A.

Ludwig, A. D. Wieck, X. Hu, F. Nori, and S. Tarucha, “Coherent transfer of electron spin
correlations assisted by dephasing noise”, Nature Communications 9, 2133 (2018).

(EpEER]

1.

2.

T. Otsuka, S. Nagayasu, T. Nakajima, M. R. Delbecq, J. Yoneda, K. Takeda, A. Noiri, S. Li, T. Ito,
S. Tarucha, “Speed up of quantum dot sensors utilizing Bayesian estimation”, International
Symposium on Materials Informatics, Tokyo, Japan, February 10, 2019.

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, “Probing Spin Dynamics
in Nanostructures Utilizing Quantum Dot Sensors”, One-Day Symposium on Spintronic
Properties of Graphene and Related 2D Materials, Kashiwa, Japan, Nov. 22, 2018.
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10.

M. Marx, J. Yoneda, P. Stano, T. Otsuka, K. Takeda, S. Li, Y. Yamaoka, T. Nakajima, A. Noiri, D.
Loss, T. Kodera, and S. Tarucha, ‘“Determination of the direction of the spin-orbit field in a
physically-defined p-type MOS silicon double quantum dot”, Silicon Quantum Electronics
Workshop 2018, Sydney, Australia, Nov. 13, 2018.

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, “Charge and Spin
Dynamics in a Quantum Dot-Lead Hybrid System”, International Symposium on Frontiers of
Quantum Transport in Nano Science, Kashiwa, Japan, Nov. 9, 2018.

M. Marx, J. Yoneda, T. Otsuka, K. Takeda, Y. Yamaoka, T. Nakajima, S. Li, A. Noiri, T. Kodera,
and S. Tarucha, “Angle dependent spin-orbit interaction in a physically defined silicon double

quan-tum dot”, International Conference on Solid State Devices and Materials, Tokyo, Japan,
Sep. 13, 2018.

K. Takeda, J. Yoneda, T. Otsuka, T. Nakajima, M. R. Delbecq, G. Allison, A. Noiri, Y. Hoshi, N.
Usami, K. M. Itoh, S. Oda, T. Kodera, and S. Tarucha, “Control fidelities in isotopically natural
and enriched silicon quantum dot qubits”, International Conference on Solid State Devices and
Materials, Tokyo, Japan, Sep. 13, 2018.

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 control of
spin qubits in different encodings in a triple quantum dot”, QTech2018 workshop, Hefei, China,
Aug. 23-26, 2018.

T. Otsuka, S. Nagayasu, T. Nakajima, M. R. Delbecq, J. Yoneda, K. Takeda, A. Noiri, S. Li, T. Ito,
S. Tarucha, “Speed up of quantum dot charge sensing utilizing Bayesian estimation”,
International Conference on the Physics of Semiconductors, Montpellier, France, Jul. 30, 2018.

A. Noiri, T. Nakajima, 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, “Coherent coupling
between spin qubits of different codes”, International Conference on Superlattices,
Nanostructures and Nanodevices, Madrid, Spain, Jul. 23, 2018.

T. Nakajima, K. Kawasaki, A. Noiri, J. Yoneda, P. Stano, T. Otsuka, K. Takeda, M. R. Delbecq, S.
Amaha, G. Allison, A. Ludwig, A. D. Wieck, D. Loss, and S. Tarucha, “Coherent control of a
spin qubit in a frequency-locked loop”, International Conference on Superlattices,
Nanostructures and Nanodevices, Madrid, Spain, Jul. 23, 2018.
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C1 F/ - NAABERFTNAR (FHES)

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

ATHRRICEDS TNA RORRECAICET MR

Development of artificial cell membrane sensors and their medical applications

ANTHNCHITOERE Z MR L, SR LEY/REDEIEA I —Z 0 JHRELTO
JICAZHEIEL TS,

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

2. BFEWEMRZRAVCAIHREERECET SR

Construction of artificial neuronal networks based on cultured neurons

HEARN THAN ZWBFEIR A U SRz RENE T & LERMOET IV AT
LORkZBEL TV 5,

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

3. NAF - BRMBICEDSETF - A F T NA ADEIRKRICET 2R

1.

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

FHE - INA I E AW TR 2 H 9 27 /N1 A DYEBLS 2 O BIERRE O 77T 2 i@
LT, FiRRET - A3 >TNA ADORIEZHIEL TS,

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.

ECARE DS
D

. Yamaura, D. Tadaki, S. Araki, M. Yoshida, K. Arata, T. Ohori, K. Ishibashi, Miki Kato, Teng Ma,

R. Miyata, H. Yamamoto, R. Tero, T. Ogino, M. Niwano, and A. Hirano-Iwata,”“Amphiphobic septa
enhance the mechanical stability of free-standing bilayer lipid membranes”, Langmuir., 34, 5615-5622
(2018).
K. Ito, Y. Ogawa, K. Yokota, S. Matsumura, T. Minamisawa, K. Suga, K. Shiba, Y. Kimura, A.
Hirano-Iwata, Y. Takamura, and T. Ogino, “68. Host Cell Prediction of Exosomes Using
Morphological Features on Solid Surfaces Analyzed by Machine Learning”, J. Phys. Chem. B, 122,
6224-6235 (2018).

. R. Matsumura, H. Yamamoto, T. Hayakawa, S. Katsurabayashi, M. Niwano, and A. Hirano-Iwata,

“Dependence and homeostasis of membrane impedance on cell morphology in cultured hippocampal
neurons”, Sci. Rep., 8, 9905 (2018).

H. Yamamoto, T. Hayakawa, T. I. Netoff, and A. Hirano-Iwata, “A single-cell based hybrid neuronal
network configured by integration of cell micropatterning and dynamic patch-clamp”, Appl. Phys. Lett.,
113, 133703 (2018).

Y. Mizugaki, K. Matsumoto, M. Moriya, H. Shimada, A. Hirano-Iwata, and F. Hirose,
“One-dimensional array of small tunnel junctions fabricated using 30-nm-diameter gold nanoparticles
placed in a 140-nm-wide resist groove”, Jpn. J. Appl. Phys., 57, 098006 (2018).

Y. Mizugaki, H. Shimada, A. Hirano-Iwata, and F. Hirose, “Numerical simulation of single-electron
tunneling in random arrays of small tunnel junctions formed by percolation of conductive
nanoparticles”, IEICE Trans. Electron., E101-C, 836-839 (2018).

H. Yamamoto, S. Moriya, K. Ide, T. Hayakawa, H. Akima, S. Sato, S. Kubota, T. Tanii, M. Niwano, S.
Teller, J. Soriano, and A. Hirano-Iwata, “Impact of modular organization on dynamical richness in
cortical networks”, Sci. Adv., 4, eaaud914 (2018).

K. Kanomata, T. Deguchi, T. Ma, T. Haseyama, M. Miura, D. Yamaura, D. Tadaki, M. Niwano, A.
Hirano-Iwata, and F. Hirose, “Photomodulation of electrical conductivity of a PCBM-doped
free-standing lipid bilayer in buffer solution”, J. Electroanal. Chem., 832, 55-58 (2019).

M. Moribayashi, T. Yagai, M. Moriya, H. Shimada, A. Hirano-Iwata, F. Hirose, and Y. Mizugaki,
“Single-electron charging effects observed in arrays of gold nanoparticles formed by dielectrophoresis
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between SAM-coated electrodes”, AIP Conference Proceedings, 2067, 020019 (2019).

10.S. Takashima, M. Moriya, Y. Kimura, A. Hirano-Iwata, and Y. Mizugaki, “Temporal change of AC
impedance measured across a free-standing bilayer lipid membrane”, AIP Conference Proceedings,
2067, 020015 (2019).

11.S. Moriya, H. Yamamoto, H. Akima, A. Hirano-Iwata, S. Kubota, and S. Sato, “Mean-field analysis of
directed modular networks”, Chaos: An Interdisciplinary Journal of Nonlinear Science, 29, 013142
(2019).

(ER =R R]
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16th RIEC International Workshop on Spintronics

Program
® January 9 (Wednesday)
9:10-9:15
Opening
9:15-10:00
We-1 T. Jungwirth (ASCR)

[Invited Lecture] Crystal symmetries and fransport phenomena in antiferromagnets

10:00-10:30
We-2 T. Moriyama (Kyoto University)
Spin torque control of antiferromagnetic NiO

10:30-10:50
Break

10:50-11:20
We-3 C. Song (Tsinghua University)

Electrical switching of antiferromagnetic moments

11:20-11:50

We-4 M. Meinert (Bielefeld University)

Key role of thermal activation in the electrical switching of antiferromagnetic Mn2Au and
CuMnAs

11:50-13:50
Lunch

13:50-14:00
Group Photo
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14:00-14:45
We-5 P. Gambardella (ETH Ziirich)
[Invited Lecture] Spatially-resolved magnetization dynamics induced by spin-orbit torques

14:45-15:15
We-6 K. Ando (Keio University)

Spin-orbit torques in metal-oxide heterostructures

15:15-15:40
Break

15:40-16:10
We-7 J. Akerman (University of Gothenburg)
Spin transfer torque driven higher-order propagating spin waves in nano-contact

magnetic tunnel junctions

16:10-16:40
We-8 E. Sagasta (CIC nanoGUNE)
Tuning the spin Hall effect in heavy metals

16:40-17:10

We-9 J. Nitta (Tohoku University)
Spin-orbit torque efficiency in epitaxial Pt/Co bilayer systems
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® January 10 (Thursday)

9:10-9:55
Th-1 G. S. D. Beach (MIT)
[Invited Lecture] Magnetic Skyrmions: From Topology fo Technology

9:55-10:25
Th-2 J. Matsuno (Osaka University)

Spin-orbitronics at transition-metal oxide interfaces

10:25-10:45
Break

10:45-11:15
Th-4 D. Querlioz (Univ. Paris-Sud)
Bioinspired Computing Leveraging the Physics of Magnetic Nano-Oscillators

11:15-11:45
Th-5 K. Camsari (Purdue University)
p-bits for Probabilistic Spin Logic

11:45-14:00
Lunch

14:00-15:30
Poster Session: Room A401 (4F)

15:30-16:00

Th-3 C. Back (Technische Universitdt Miinchen)
Magnetization dynamics driven by spin-orbit torques
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16:00-16:30
Th-7 H.-W. Lee (POSTECH)
Intrinsic spin and orbital Hall effects from orbital texture

16:30-17:00
Th -8 S. Fukami (Tohoku University)
Spin-Orbit Torque Switching in Nanoscale Devices: Material and Device Engineering

17:00-17:05
Closing

17:05-18:00
Free time

18:00-19:30
Banquet (Joint RIEC/Core to Core)
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The 7th RIEC International Symposium on

Brain Functions and Brain Computer

Date:  February 22 - 23, 2019

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.
Secretary

Shigeo Sato, Tohoku Univ.

Sponsored by

Laboratory for Nanoelectronics and Spintronics,
Research Institute of Electrical Communication (RIEC), Tohoku University
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Program

February 22 (Friday)

13:30

13:35

14:05

14:25

14:55

15:15

15:30

15:50

16:20

16:40

-13:35

-14:05

-14:25

-14:55

-15:15

-15:30

-15:50

-16:20

-16:40

-16:55

Opening Remarks

A. Hirano-Iwata, Tohoku Univ., Japan

Session 1 (Chair: Y. Horio)

[S1-1] Exploiting temporal codes in spiking neural networks
L. Theogarajan, UC Santa Barbara, U.S.A.

[S1-2] Chaotic neural network reservoir and its application to
brainmorphic computing hardware

Y. Horio, Tohoku Univ., Japan
[S1-3] Recent developments on the state of the art in spiking neural
hardware

J. Madrenas, M. Zapata, S. Moriya, S. Sato, Technical Univ.
Catalunya, Spain

[S1-4] Design of an analog MOS circuit of the Izhikevich neuron model

S. Sato, Y. Tamura, S. Moriya, T. Kato, M. Sakuraba, Y. Horio,
Tohoku Univ., Japan

Break (15 min)
Session 2 (Chair: H. Yamamoto)

[S2-1] Temporal integration of axonal spike signaling in the hippocampus

H. Kamiya, Hokaido Univ., Japan

[S2-2] Three-dimensional neuronal cultures: challenges and opportunities
J. Soriano, Univ. Barcelona, Spain

[S2-3] Stable lipid bilayers as a platform for cell-free synthesized ion
channel proteins

A. Hirano-Iwata, D. Yamaura, M. Kato, T. Deguchi, F. Xingyao, D.
Tadaki, T. Ma, H. Yamamoto, M. Niwano, Tohoku Univ., Japan

Break (15 min)
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16:55 -17:55 --- Poster Session  ---

[P-1] Ternarized Backpropagation: a hardware-oriented optimization algorithm for
edge-oriented Al devices

T. Kaneko, M. Ikebe, S. Takamaeda-Yamazaki, M. Motomura, T. Asai, Hokkaido
Univ., Japan
[P-2] A numerical study on an Izhikevich neuron model analog MOS circuit

Y. Tamura, S. Moriya, T. Kato, M. Sakuraba, Y. Horio, S. Sato, Tohoku Univ., Japan

[P-3] Encoding and retrieval of object-in-place memory in a computational model of
entorhinal-hippocampal neural network

K. Takada, K. Tateno, M. Kawauchi, T. Morie, Kyushu Inst. Technol., Japan
[P-4] Simulation based on neuronal cable theory for structures within an olfactory

sensory unit for nestmate and non-nestmate discrimination in the Japanese
carpenter ant

J. Takano, T. Omori, H. Kubo, T. Uebi, Y. Takeichi, N. Miyazaki, K. Murata, K.
Yasuyama, K. Inoue, N. Kajimura, M. K. Hojo, E. Takaya, S. Kurihara, M. Ozaki,
Kobe Univ., Japan

[P-5] Data-driven approach for extracting neuronal nonlinear dynamics
J. Yamasaki, S. Otsuka, T. Omori, Kobe Univ., Japan

[P-6] Computational modeling of spontaneous firing patterns generated by single
autaptic neurons
K. Hattori, T. Hayakawa, A. Nakanishi, M. Ishida, H. Yamamoto, A. Hirano-Iwata,
T. Tanii, Waseda Univ., Japan

[P-7] Roles of brain-inspired initial constraint on structure of recurrent neural

network for its performance and robustness

T. Fusauchi, T. Samura, Yamaguchi Univ., Japan

[P-8] Analysis of dynamical complexity in modular neuronal network models
S. Moriya, H. Yamamoto, A. Hirano-Iwata, S. Kubota, S. Sato, Tohoku Univ., Japan

[P-9] Functional complexity in neuronal network models with hierarchically modular
organization

Z. Chen, H. Yamamoto, S. Moriya, K. Ide, S. Kubota, S. Sato, A. Hirano-Iwata,
Tohoku Univ., Japan
[P-10] Raft-like domain in freestanding membrane suspended over microwells

Y. Nakatani, K. Kawahara, K. Harada, A. Oshima, H. Nakashima, K. Sumitomo,
Univ. Hyogo, Japan
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[P-11] Pharmacological response of TRP channel in human iPS cell-derived sensory
neurons using MEA system

A. Odawara, N. Matsuda, I. Suzuki, Tohoku Inst. Technol., Japan

[P-12] An experimental study on spontaneous firing of a single neuron on
micropatterned substrates

K. Sato, T. Nakane, H. Takahashi, K. Hattori, H. Yamamoto, A. Hirano-Iwata, T.
Tanii, Waseda Univ., Japan

[P-13] Structure-dependence of stimulus responses in micropatterned neuronal
networks

T. Havakawa, H. Yamamoto, K. Ide, A. Hirano-Iwata, Tohoku Univ., Japan

[P-14] High-speed imaging of spontaneous activity in micropatterned cortical cultures:
Impact of modular organization

K. Wakimura, H. Yamamoto, K. Ide, A. Hirano-Iwata, Tohoku Univ., Japan

[P-15] Surface modification with visible-light-responsive TiOz thin film

A. Kurotobi, S. Kono, T. Ichikawa, H. Yamamoto, A. Hirano-Iwata, T. Taniji,
Waseda Univ., Japan

[P-16] Functional characterization of cultured neuronal netoworks on ultrasoft gels

T. Sumi, H. Yamamoto, A. Hirano-Iwata, Tohoku Univ., Japan

19:00 -21:00 Banquet
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February 23 (Saturday)

9:30

9:50

10:20

10:40

10:55

11:25

11:45

12:05

- 9350

Session 3 (Chair: S. Sato)

[S3-1] Optimized stimuli for neuronal desynchronization and their
application to module networks

S. Kubota, J. E. Rubin, S. Moriya, H. Yamamoto, S. Sato, A. Hirano-
Iwata, Yamagata Univ. Japan

- 10:20 [S3-2] Robust sequence learning in attractor memory networks with fast

-10:40

-10:55

-11:25

-11:45

-12:05

-12:10

Hebbian plasticity
P. Herman, Royal Inst. Technology, Sweden

[S3-3] STDP in SNN implementation on FPGA
Y. Xia, T. Levi, T. Kohno, Univ. Tokyo, Japan

Break (15 min)

Session 4 (Chair: P. Herman)

[S4-1] Detecting neuron-glia communication through optic flow and
synaptic stabilization in neuronal cultures

J. Orlandi, Y. Hernandez, J. Davidsen, M. A. Colicos, Univ. Calgary,
Canada

[S4-2] Excitatory synaptic transmission is modulated by the density of
surrounding astrocytes

K. Oyabu, S. Katsurabayashi, K. Iwasaki, Fukuoka Univ., Japan

[S4-3] Dynamical richness in modular cortical networks emerges as
trade-off between functional integrability and spatial segregation

H. Yamamoto, S. Moriya, K. Ide, T. Hayakawa, H. Akima, S. Sato, S.
Kubota, T. Tanii, M. Niwano, S. Teller, J. Soriano, A. Hirano-Iwata,
Tohoku Univ., Japan

Closing Remarks

S. Sato, Tohoku Univ., Japan
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Research Institute of Electrical Communication
Tohoku University

&3 RIEC

10th International Workshop on
Nanostructures & Nanoelectronics

Laboratory for Nanoelectronics and Spintronics
Research Institute of Electrical Communication
Tohoku University

Organized by

Research Institute of Electrical Communication
Tohoku University

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

Information Biotronics Seminar

Cooperative Society

CREST “Construction of ion and electron nano-channels
in super-resistive lipid bilayers”, JST

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

March 6-7, 2019
Sendai, Japan
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10th International Workshop on Nanostructures & Nanoelectronics
March 6-7, 2019
Site: Laboratory for Nanoelectronics and Spintronics, Research

Institute of Electrical Communication, Tohoku University,

Sendai, Japan

Organizer:

Symposium Chairs
Ayumi Hirano-lwata, Tohoku Univ.

Ryugo Tero, Toyohashi Univ. of Tech.

Program Committee

Ayumi Hirano-lwata, Tohoku Univ.

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

March 6 (Wednesday)

Room: 4F, Conference Room, Laboratory for Nanoelectronics and Spintronics

13:00 ~ 13:05

Opening Remarks
Ayumi Hirano-Iwata

(Advanced Institute for Materials Research / Research Institute of Electrical

Communication, Tohoku University, Sendai, Japan)

(Chair: Daisuke Tadaki)

13:05 ~ 13:50
13:50 ~ 14:20
14:20 ~ 14:50
14:50 ~ 15:20
15:20 ~ 15:40

Multi-pore resistive pulse sensing of microRNA

Maurits de Planque

(School of Electronics and Computer Science & Institute for Life Sciences,

University of Southampton, Southampton, United Kingdom)

Patterned lipid bilayer combined with a nanometric gap structure as a versatile
model of the biological membrane
Kenichi Morigaki'?

(‘Biosignal Research Center, Kobe University, Kobe, Japan, *Graduate School of

Agricultural Science, Kobe University, Kobe, Japan)

Impedance mapping of a cultured cell layer for spatiotemporal analysis of its
barrier function

Ko-ichiro Miyamoto!, Daisuke Suzuki?, Carl Frederik Werner!, and Tatsuo
Yoshinobu'*

(‘Department of Electronic Engineering, Tohoku University, Sendai, Japan,

’Department of Biomedical Engineering, Tohoku University, Sendai, Japan)

Stable lipid bilayers formed in microfabricated silicon chips as a platform for novel
biosensors
Ayumi Hirano-Iwata'?, Daichi Yamaura?, Takafumi Deguchi?, Miki Kato?, Xingyao

Feng?, Daisuke Tadaki?, Teng Ma', Hideaki Yamamoto', and Michio Niwano?
(*Advanced Institute for Materials Research, Tohoku University, Sendai, Japan,
2Research Institute of Electrical Communication, Tohoku University, Sendai, Japan,
3Kansei Fukushi Research Institute, Tohoku Fukushi University, Sendai, Japan)

Coffee Break
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(Chair: Patrik Schmuki)

15:40 ~ 16:10
16:10 ~ 16:40
16:40 ~ 17:00
18:00 ~

Less-defect colloidal quantum dots: synthesis, optical properties and application in
optoelectronic devices

E. Liu!, Y. Zhang!, C. Ding', S. Hayase?, T. Toyoda!, and Qing Shen' .
(Faculty of Informatics and  Engineering, The  University  of
Electro-Communications, Chofu, Tokyo, Japan, *Faculty of Life Science and
Systems Engineering, Kyushu Institute of Technology, Kitakyushu, Japan)

Dewetting of metal thin films on semiconductor surfaces: steering dewetting
phenomena to design nanoscaled platforms for photocatalysis

Marco Altomare

(Department of Materials Science and Engineering, University of
Erlangen-Nuremberg, Martensstrae 7, D-91058 Erlangen, Germany)

Back-contact structure for highly efficient perovskite solar cells

Teng Ma', Daisuke Tadaki?, Michio Niwano®, and Ayumi Hirano-Iwata'?
(*Advanced Institute for Materials Research, Tohoku University, Sendai, Japan,
2Research Institute of Electrical Communication, Tohoku University, Sendai, Japan,
3Kansei Fukushi Research Institute, Tohoku Fukushi University, Sendai, Japan)

Banquet
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March 7 (Thursday)

Room: 4F, Conference Room, Laboratory for Nanoelectronics and Spintronics

(Chair: Ryugo Tero)
9:00 ~9:45 Self-organized TiO» nanotube arrays: photoelectrochemical and photocatalytic

applications

Patrik Schmuki

(Department ~ of  Materials  Science = WW-4, LKO, University of
Erlangen-Nuremberg, MartensstraBe 7, 91058 Erlangen, Germany)

9:45 ~10:05 Room temperature atomic layer deposition and its application to gas barrier coating
Fumihiko Hirose, K. Yoshida, M. Miura, K. Kanomata, B. Arima, S. Kubota

(Yamagata University, Yonezawa, Japan)

10:05 ~ 10:35 Single-electron devices fabricated using percolative connections of gold
nanoparticles

Yoshinao Mizugaki', Masataka Moriya', Hiroshi Shimada', Kazuhiko Matsumoto’,

Makoto Moribayashi!, Tomoki Yagai', Ayumi Hirano-Iwata?, and Fumihiko Hirose?
(‘The University of Electro-Communications, Chofu, Japan, *Tohoku University,

Sendai, Japan, *Yamagata University, Yonezawa, Japan)

10:35 ~10:50 Coffee Break

(Chair: Maurits de Planque)
10:50 ~ 11:20 Cell-free translation system: a tool for producing proteinous nanomachines

Yuzuru Tozawa and Haruka Inoue

(Graduate School of Science and Engineering, Saitama University, Saitama, Japan)

11:20~11:50 Domain formation and lateral diffusion in lipid bilayer membranes on graphene
oxide
Ryugo Tero, Yoshi Hagiwara, Kiyoshi Tsuzumi
(Toyohashi University of Technology, Toyohashi, Japan)

11:50 ~ 12:10 Microdomain formation in bilayer membrane consisting of completely miscible
lipids
Melvin Wei Shern Goh!, Ayumi Hirano-Iwata?, Michio Niwano?, Ryugo Tero!

('Toyohashi University of Technology, Toyohashi, Japan, *Tohoku University,
Sendai, Japan, *Tohoku Fukushi University, Sendai, Japan)
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12:10 ~ 12:30 Self-assembly of lipid membranes doped with organic molecules
Xingyao Feng!, Teng Ma?, Takafumi Deguchi', Ayumi Hirano Iwata'~
('Research Institute of Electrical Communication, Tohoku University, Sendai,

Japan, 2Advanced Institute for Materials Research, Tohoku University, Sendali,

Japan)

268



RIEXFEESHFFRMIE
F/ - AV K5

TO980-8577 flEamMEEXKEFE-ZTHI-1 phone (022)217-5663 fax (022)217-5565
(http://www.riec.tohoku.ac.jp/)



	空白ページ



