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Highlights of Research in FY2017
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7/ SEE RS
Nano Integration

® F/EBETNAR - TOER (R - BERX)

Nano-Integration Devices and Processing (S. Sato and M. Sakuraba)
(1) BFEFEEFALZGFET VI A LAORFEZENEL T . EFEY hEYy NT—=2 D
LR FEERRE L, HERREMEEZFIEE LT, B TFEERITEE L7z Hebb ZHAINER)
IZHERET B Z E & RERR L Tz,

() EFRIEMBT 5 X< CVD 7O ADERNFFEEED-HEFE, BFv ) TIEE (2.5x10"
em™) IZBWTEWEY U 7BHE Goem’V's!) 2T25B F—7Si@EIEYF v )1
REICHRINT 2 EEEFIZ, pn SO AMERNUE S NS EEHEMI LT,

(3) MR IR > 2 5 A OHEEZ B & LT, AOEBE 28 L CRANES 2Rt d
2N LSI OB{EZMREE L=, 51 A 5. FPGA R— R, KORFMEBME LSI 5 AR
ENBIATFLEREL., 51 THEGRNS AT T Vv Ta—ET7 L —LL—hK30fps T
MHETESZ L 2MRLE,
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[l 2 4 S S NP RR EE ORI, BRA TR AR EBNRE T 2 MRS 1 FI VAR L2
BHEMNZ L7z

(1) Toward the development of computation algorithms utilizing quantum parallelism, we have
proposed a learning method for qubit networks. We applied it to an associative memory problem and
confirmed that a modified Hebb rule works efficiently.

(2) By using low-energy ECR plasma CVD without substrate heating, in addition to epitaxial growth
of heavily B-doped and high carrier-mobility Si film (46 cm® V' s at 2.5x10" cm™), effective
suppression of reverse-bias current in a pn junction with the B-doped Si has been demonstrated.

(3) Toward the development of a neuromorphic vision processing system, we verified the operation of
a local motion detection LSI inspired by motion stereo vision in human vision system. We confirmed
that a test system, which is composed of a camera, an FPGA board, and the local motion detection LSI,
can successfully detect optical flow in a live video at 30 fps.

(4) To study the relation between the structure of neuronal circuitry and its temporal-spatial dynamics,
we investigated the effects of the modular structure of neuronal circuitry on its firing property. It has
been clarified that complex dynamics, in which various synchronized states are mixed, is realized for
the case when the interaction between modules is moderate.
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Soft Computing Integrated System (Y. Horio)
(1) HLWKE O D Ea—FNF5 (M L THLM FERBAEI > Ea—T 4 T OMRERTDH
LZBREC Y AT ATEHWRERNIF ANy NT—U %, NFAZa—IF)bFxy hT—
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JWREL 2B K - B2 BB RICHE S, I8N E2HEERI NS T v Rt
B AT AEEETH20, 2 BEOZAAYF L - AL MAFAZ 22— 0 VEBEEEOT A b
F v 7% TSMC 65 nm CMOS 7 It 235 XX ROHM 180 nm CMOS 7Ot Ak DEEL /=,
(3) Reward modulated STDP 223 Bl % spin orbit torque > F 7 A7 /\A AT 5 728 D EE R R
Mafrolz.
@) VYN—%v bT—=2 2 X2 RFARERINTFROYT A FI 7 AZDODWT IHFAZ hOoE—
IZRDEDOEME ZFEL 72,

(1) We proposed a chaotic reservoir network composed of chaotic neurons, which is applicable to the
reference-self system in the brain-body whole organism computing paradigm. We confirmed feasibility of
the proposed chaotic reservoir network through chaotic time-series predictions.

(2) For a dynamics/algorithm sub-conscious/conscious hybrid computer system, we designed and
fabricated two switched-current chaotic neural network integrated circuit chips with TSMC 65 nm CMOS
and ROHM 180 nm CMOS processes.

(3) We conducted basic a study on the reward modulated STDP learning rule for spin orbit torque synaptic
devices.

(4) We used ordered entropy to evaluate the dynamics of a reservoir network through a chaotic time-series
prediction.

RAEY bO= o R BT E
Spintronics and Information Technology

@ XEVFOZ/R (KHEESB - FRIEH)
Spintronics (H. Ohno and S. Fukami)

EERDEFDAY  EEBHOHHEZE A TR F—DOEKERAE o2y X H
FADIEHAZHNE L THFEZT, BEICLLTFOREEE/2. (1) Fe-V/MgO HlgHE 28 9 50k
Qb RIS OBLRFHEZEIR. Fe-V/MgO I Fe 2 AT 5 Z & THREMREGEZS <
RELRMMBEMEAY VTR ERBTES 2 E2HS5 M L7z, (2) CoFeB/MgO FEf&E S 12
BUFAKHAT 4 TR ADBERREZT ) AT —)IVigER N RNV ERICBIT 2 AE ViEEENS
TR BEOHEBRTESN/ A ERATL2ERDREZBRL/=. Q) P THRIESYFI—T
YEBLL /= Cr R—7 SbyTe; bRk O P71 L4k DRE1E S EAHRFIE 2 X, Cr $1ARAY 44at.% £ Tl
ShbH hMZEHRL., COEEMRBEHERD 250K OF o) —IREER=. (4) Co/Pt fEIGHEEA
BT HAYE #E MV Y ROBRIMRRIC 3T 2 B E P E2 X, Co/Pt 8 E B DTS E R D 1
INZPE> TAE #E BV 7 AL O RN RT 2 Z 25N L2 (5) 2 DDHIETHE
BIL/-EE 20 nm BEOHE b o FIVEROBLAFEEZ 7 A oA FHBOBEICKLOHRN, 2
DOHETIET A FOA REhfRICHBERZNEL, Ty PHICB T 2MKEFEOKRTT
HIATEDLZEEHSNIZ L. (6) PIM/[Co/NijfEERGEIZB T2 A ME MV &Py



AF—  SPRMEERZERBIHME L T PY[CoNi FEEME S L, AE #uE MLV 2I3EE &
BRICHS. MEORZSTHLIOIIHLT, Py Oy > AF— - FEHMAERIIFEIYTK
FXEFEOHIDNEL KNS EDRDNoT2.(7) BIRBRESEZFIE Lz s - >+
WG ZERL, REO—HiF / A— RVERICBI2@m0nWaieEtt & 28 D817 ML 7 bk
i DT Z2 /R L 7. (8) W/CoFeB/MgO #5151z B1+ 5 A ¥ Bl bV 7 Bb R i D v A ZEREE.
IOV AR AL 2 SN, R ORI R, RO REOREZH S ML
776 (9) (5)TRE L 72 2 DOMMIREE b > RIVES OMER BRSO YA R % sli 08 T,
T PHTA=DDNS WY TINVIBBRBRBRAEOY A XIKEHE2EZEZ S5 L TRSHATE
LZDITHLT, TYPHFA—TORENT > TINITNEITRZLIRABNERT I EZHS N
WZU7z. (10) &/ A —)ViER b > RV ER OREEEEMECERZETMET 5 2 &2<R
FEMBLD A ONRIZ X > TX 0 EENRE T 2 FiEE2MIL L. T OMOFETH SN2
R o BEEEOREKRFEORERZEZR L.

Our research activities focus on realizing low-power functional spintronic devices. The outcomes in the
last fiscal year are as follows: (1) Revealing the potential of Fe-inserted Fe-V/MgO magnetic tunnel
junction to show high interfacial magnetic anisotropy while lowering magnetization and magnetic damping,
(2) Observation of electric-field effect on exchange stiffness of CoFeB/MgO magnetic tunnel junction
through spin-wave resonance, which is in consistent with previous conclusions drawn from domain-pattern
observation, (3) Achievement of world-highest Curie temperature, 250 K, in Cr-doped Sb,Te; topological
insulator prepared by molecular beam epitaxy, (4) Clarification of enhancement of spin-orbit torque
switching efficiency with increasing stacking number of Co/Pt multilayer that processes high magnetic
anisotropy, (5) Showing different asteroid curves in two nanoscale magnetic tunnel junction prepared by
different conditions, which can be attributed to a different degradation level of magnetic anisotropy near the
pattern edge, (6) Quantification of spin-orbit torque and Dzyalloshinskii-Moriya interaction in
PtMn/[Co/Ni] structure and comparison with Pt/[Co/Ni] systems, showing similar sign and magnitude
between the samples for spin-orbit torque and different sign and magnitude between the samples for
Dzyalloshinskii-Moriya interaction, (7) Achievement of unexplored single-digit-nanometer magnetic tunnel
junction with high thermal stability factor and capability of spin-transfer torque switching by revisiting
shape anisotropy, (8) Revealing time and spatial evolution of spin-orbit torque-induced magnetization
switching in W/CoFeB/MgO heterostructure by investigating size and pulse width dependence of the
switching properties, (9) Showing contrasting size dependence of magnetic anisotropy for two magnetic
tunnel junctions describe in (5); one is explained by considering size dependence of shape anisotropy, (10)
Establishment of a scheme to evaluate reliable thermal stability factor without acceleration by magnetic
field or current, and discussion on the factors governing the temperature dependence of the thermal stability
factor of CoFeB/MgO magnetic tunnel junction determined by the established method.

® EB70—- RNV RESUE (BXEHR— LER)
Ultra-Broadband Signal Processing (T.Otsuji and A. Satou)
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2. GRS X F Y DA
RO BRAME T Y N7 = IZBWTARURBHENTHD, KT—FEENS RF T—F1F
BEANOEEF Y U T AERTHEBREER TS0, nGaAs FEETBHENS D5
(InGaAs-HEMT) DX TV IF  THEEEOWIFRZED TS, AFEEE, nGaAs-HEMT %
AWT, ZFANE 12GHz T ASK $ % W\d BPSK B I N2 NT —FEE0 5. FikE 22.5GHz
DIFTF—FEE\ERE T HERTELEZEA LT,

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 an ultrafast graphene laser-transistor device
process technology demonstrating world-first single-mode lasing at 5.2 THz as well as amplified
spontaneous broadband emission ranging from 1 to 7.6 THz at 100K by using our original distributed
feedback dual-gate device structure.

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 demonstrated the frequency down-conversion of 1.5-um optical data signal with 12-GHz
ASK/BPSK modulation to 22.5-GHz millimeter-wave IF data signal using an InGaAs-HEMT.

T/ NAFARERFT /A AEREF 7RI E
Nano-Bio Hybrid Molecular Devices

® J/  -NAFREFFTNAR (FHES)
Nano-Bio Hybrid Molecular Devices (A. Hirano-Iwata)

TR TR N1 2 - BB E ORA IR D, BREHRILEZ fRRICT Sk % 1253 TN
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K0, EBROBEZEELU/-EEMRREE2MBEL. ZOEFENHREEZS0EN IV T L1 A
— DU TEICE o TR L7z, SEEL. ARKMEEEZRFB OISy NV —JMETHLSE
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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. Reconstitution of cell-free synthesized ion channels in microfabricated Si chips

We reported on optimized nano- and micro-structures for mechanically stable bilayer lipid membranes
(BLMSs) using Si microfabrication techniques. We also succeeded in reconstitution of cell-free synthesized
wild type hERG channels into the BLMs and recording their activity at the single-channel level.

2. Reconstitution of artificial neuronal networks

By growing primary neurons on a microfabricated coverslip, we investigate structure-function
relationships in neuronal networks. We also use computational models to provide graph theoretical
interpretations on experimental data. Our recent work identified the influence of intra-modular connectivity
on global synchronizability in modular networks.

3. Charge transfer in organic solar cells and novel structure for perovskite solar cells

The charge transfer mechanism in organic solar cells has been studied by a simple displacement current
technique. To improve the performance and reduce the cost of perovskite solar cells, we proposed a new
structure and verified the applicability of the new structure using numerical simulation technique.
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15th RIEC International Workshop on Spintronics
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The 6th RIEC International Symposium on Brain Functions and Brain
Computer
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A1

F/EBTNAR - TOLR (EREEZE - BEBX)

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

KMEGTERTNA ADBEERERM ICET 5%

High-density implementation of devices for brain computing

f$HD Si-LSI OWHILIRA 2 RIEA, MG OERLICHT T, BMERERATN
A ADBFE LT OmBEERELN, RO EEO 7O Ry 1 TICOWTHIRZT
TWd,

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.

BB E R EFMEET/NA X ICBETAFE

Intelligent quantum device for brain computing

MAERERTAIRZME L RBORELZER T 5720, BALEPRIREARZMAL
foo BFZa—O ETFELTHSAETNA AETOHETINTY XL DWTHIR
212 TWa,

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.

SEE IVEXEAIES F2 v IIVRROEODEREERIEMEA TS X CVD 7Ot
AICET MR

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

F A=A —FBIORMERFANTOBEZER TS0, 14— TEHED
DRABREATORMEAT 2HEE IV BFEEERONTOTES F2 v )VREICD
WTHIFEL TWwd,

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.

VIR EGEEEEFATOBEORERILTO R ICET MR

Large-scale integration process of group IV semiconductor quantum heterostructures

IV SR BT EIRT N AD Si EMERAOBKEZERT L7012, IV REEA
EERFATOMBEOSERLET O A LBTFAT O/ TN ZABUE - @tkRgkicD
WTHIEL TS,

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.
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VIZbhaAYEa—T4 VKB AT A (BREE)
Soft Computing Integrated System (Y. Horio)

i - BFBER I Ea—T 4 JICHAT SR

Brain-body whole organism computing

FHLUWREO S Ea—INTFLLTHDM - BRBREEIEa—T 1 2 7 ORERE
ETHLEBHREACT AT LAICHEAFRBRAFTAVEN—%y hT—=0 %, NAAZa—
TRy T —=JIZXOBRT 2 HEZREL. TOAEMEEZ A ARRINTFRNT XL -
THERL 7z,

We proposed a chaotic reservoir network composed of chaotic neurons, which is applicable to
the reference-self system in the brain-body whole organism computing paradigm. We confirmed
feasibility of the proposed chaotic reservoir network through chaotic time-series predictions.

FAFZORIZIVITUXA BEBBRBNATV Y FHHE AT ACHTHHA
Dynamics/algorithm sub-conscious/conscious hybrid computer system

ERICEMY 075 A F 2 7 A 2BUWFIR2IKOEEFEEIC, 7ILTU XALIZKD
FUYIABRE E BRI - BN BRI e, SHIINsEHAEER S
NA Ty REBATLEZERT L7220, 2 BEOAANvF - AL MIF A=
— O EREEO T A b Ty 7% TSMC 65 nm CMOS 7O+ 238 L ROHM 180 nm
CMOS 7ot AlckDEEL /=

For a dynamics/algorithm sub-conscious/conscious hybrid computer system, we designed and
fabricated two switched-current chaotic neural network integrated circuit chips with TSMC 65
nm CMOS and ROHM 180 nm CMOS processes.

AEYMAZIRDFTRAFBICEAT MR

Learning algorithm for spintronics synapse devices

Reward modulated STDP 223 HI[ % spin orbit torque 7 /N A& /=7 Al A
T %726 OEREIRE 21T 7z,

We conducted a basic study on the reward modulated STDP learning rule applicable to spin orbit
torque synaptic devices.

UYN—Ry D=0 DIAF I/ RAICHTEHA

PEN—Fw NT—=J XD WA ARRAFRIOT A F I 7 ADONWT, BFFHFHTZk
OE—IZX DT DOMEHMES 27l L7z,

We used ordered entropy to evaluate the dynamics of a reservoir network through a chaotic
time-series prediction.
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B1

AEYMOZOR (KBESB - RRELH)
Spintronics
(H. Ohno and S. Fukami)

BEFPOBFCAE > OREBZEH#E L THRNISHT 72012, FTLWMEOMRE, &1

S OER EEH OB, ROTNSOAEY Oy AR T EEESE T OIEMICET %
MREIToTND, S5, REFEEICKD, RN DEHEEEN LIRS NLIAES
hO=ZJ Z%&T, ROCAE Y o= AEMBEREEIROMFEREZTT>T15.

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.

AEYFOZSRICEAT SR
Spintronics

BEUEPDAY > EBROEAHEZMS S LA TRV FNDERERAE S FOZ T A% T
DEBREDI LT, FEE, BIELEE SEEEEICBT2AEVER, RUETNS
ZRIR UIZHRAE AEREMEL BTRAE S O AR TORIEICET SR ZTT o
T3, £z, BEEEEBENOATBITNAALTNUTI o THREEZDH L Wi
BEMRIRB I OEREGELES AT L%, AECHEEZRNTER TSI LZ2HEL
LT, AEZA®RYBDy ZEBITMT - BB 2T 2.

We are working on spin-related phenomena in semiconductors, magnetic semiconductors, and
magnetic metals 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.

1) AE> ho=7 A2 T 5098
Spintronics
DTRIEYFIOANY I T EERWZAE Y FOZD ARG O/ER,
A ¥ BRI E O R & FRAR.
Development of functional spin materials and structures by using molecular beam epitaxy
and sputtering, understanding and characterization of spin-related phenomena are being
carried out.

2) BBEEMEMR & T OWRER TIC M ICB T 515
Magnetic metal functional devices and their application
20 nm BAFOAE > hO= 7 ARTFHERBRIOEF N TEMNORIE, 1EE LU 7256
AE > bOZ7 ARFOREE. TLTAE MO AR TFEFMALELZ D
ERMEAEEZEDTNS,

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) BRI R ONZ DT ) AT OEOWE &SR IZEE T 20198
Properties and application of new-class magnetic materials and their nanoheterostructures
SREEPEIR &P EEMAGDERH L WET T /N1 ADEBINIEZITo T

5
Exploration of novel electron devices based on new magnetic structures is being carried out.
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4) @ 2 RIVEESIRITR T O RS
Magnetic tunnel junctions with high output voltage
N EERRETE O RVERES(TMR)Z T O IMEET> Th 5.
Development of high performance magnetic tunnel junctions (MTJs) consisting of
ferromagnetic metal electrodes with in-plane or perpendicular magnetic easy axis and
insulating barrier is being carried out.

5) @BRAE Y O ATFINA ADBFE
Metal-based spintronics devices
/2 RBRAE Y hOZJ AT NA ADIER &2 ORI, AE> AT DY
v U BEARERIEZTo TS,
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) AY AL ARACKERR T DT
Spin transfer torque memory and logic devices
(KHF ZABBENTMNT 2 A E AL ARALERIZB T 2058 217> T 5,
Characterizing spin transfer torque switching toward reduction of writing power is being
carried out. '

2. RAEX POZS ZAKEERICEHT MR

Research and Development of distributed IT system using Spintronics based integrated
circuits

N MERE TRMER TE2%MO 0 IT HAERDOEB ORI THS (A
ErhoZg Z&MEE] 702y MIBWT, SERREEEEL T —N—
RAT 4 7 THET2AE > ba= g ARMBEEIEERGHE - RTORENRTHON.
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 of CAO.

) TFO=N—RAT 4 2T THRETHAE > hO=y ZEEERER T - RFIZ
B9 058
Developments of spintronics materials and devices for spintronics based integrated circuits
that can be driven by energy-harvesting
LFO—N—RZAT 4 T THBEBT 2AE > FOZ s ARBEEEER T O - >~
FNEGEEABEE T2 WHTFAE POV A% T, RO=ZmHFAE a2
JABRTEERL, EREREZH Nz,
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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2017.

S. Duttaguta, C. Zhang, S. Fukami, and H. Ohno, “Evaluation of Dzyaloshinskii-Moriya
interaction from thermally activated and flow regime domain wall motion,” (oral), International
Magnetics Conference (INTERMAG2017), Dublin, Ireland, April 24-27, 2017.

A Hirohata, E. Jackson, Y. Yamamoto, B. Murphy, A. Vick, S. Duttagupta, S. Fukami, H. Ohno,
T. Kubota, and Takanashi, “Imaging and Analysis of Buried Defects at Interfaces,” (invited),
International Magnetics Conference (INTERMAG2017), Dublin, Ireland, April 24-27, 2017.

M. Bersweiler, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “An interfacial anisotropy and
Gilbert damping constant of double (Co)FeB-MgO interface structure of MgO/(Co)FeB/MgO,”
(poster), International Magnetics Conference (INTERMAG2017), Dublin, Ireland, April 24-27,
2017.

H. Honjo, H. Sato, S. Ikeda, T. Watanabe, S. Miura, T. Nasuno, Y. Noguchi, M. Yasuhira, T.
Tanigawa, H. Koike, M. Muraguchi, M. Niwa, K. Ito, H. Ohno, and T. Endoh, “Impact of
sputtering condition for tungsten on magnetic and transport properties of magnetic tunneling
junction with CoFeB/W/CoFeB free layer,” (poster), International Magnetics Conference
(INTERMAG2017), Dublin, Ireland, April 24-27, 2017.

B. Jinnai, C. Zhang, A. Kurenkov, M. Bersweiler, H. Sato, S. Fukami, and H. Ohno,
“Magnetization switching of high magnetic-anisotropy Co/Pt multilayers induced by spin-orbit
torque,” (poster), International School and Conference (SpinTech IX), Fukuoka, Japan, June 4-8,
2017.

T. Dohi, S. Kanai, F. Matsukura, and H. Ohno, “Electric-field effect on spin-wave resonance in
nanoscale CoFeB/MgO magnetic tunnel junctions,” (poster), International School and
Conference (SpinTech IX), Fukuoka, Japan, June 4-8, 2017.

H. Ohno, “Introduction to Spintronics Devices for VLSL” (invited), International School and
Conference (SpinTech IX), Fukuoka, Japan, June 4-8, 2017.

H. Ohno, “Analog spintronics memory,” (invited), York-Tohoku-Kaiserslautern Symposium on
“New-Concept Spintronics Devices, York, UK, June 21-23, 2017.

C. Zhang, S. Fukami, K. Watanabe, A. Ohkawara, S. DuttaGupta, H. Sato, F. Matsukura, and H.
Ohno “Spin-orbit torque-induced magnetization switching in nanoscale W/CoFeB/MgO,”
(poster), York-Tohoku-Kaiserslautern Symposium on “New-Concept Spintronics Devices" York,
UK, June 21-23, 2017.

S. DuttaGupta, C. Zhang, S. Fukami, and H. Ohno, “Distinct behavior of Dzyaloshinkii-Moriya
domain walls in thermally-activated and flow regime domain wall motion,” (poster),
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1s.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

York-Tohoku-Kaiserslautern Symposium on “New-Concept Spintronics Devices" York, UK,
June 21-23, 2017.

H. Ohno, “Three-terminal spintronics devices for CMOS integration,” (invited), 75" Device
Research Conference (DRC), University of Notre Dame, U. S. A., June 25-28, 2017.

T. Dohi, S. Kanai, F. Matsukura, and H. Ohno, “Electric-field modulation of exchange stiffness
constant in CoFeB/MgO investigated by spin-wave resonance,” (oral), The European Conference
Physics of Magnetism 2017 (PM’17), Poznan, Poland, June 26-30, 2017.

T. Dohi, S. Kanai, F. Matsukura, and H. Ohno, “Anisotropy and exchange stiffness in CoFeB,”
(oral), York-Tohoku Summer School in Spintronics, York, UK, July 26-28, 2017.

J. Igarashi, J. Llandro, H. Sato, and H. Ohno Magnetic field angle dependence of coercivity in a
nanoscale CoFeB/MgO Magnetic tunnel junction with perpendicular easy axis,”, (oral),
York-Tohoku Summer School in Spintronics, York, UK, July 26-28, 2017.

M. Shinozaki, S. Kanai, H. Sato, F. Matsukura, and H. Ohno “Damping in perpendicular MTJs”,
(oral), York-Tohoku Summer School in Spintronics, York, UK, July 26-28, 2017.

J. Llandro, “Geometrical effects in magnetism,” (invited), York-Tohoku Summer School in
Spintronics, York, UK, July 26-28, 2017.

S. Gupta, S. Kanai, F. Matsukura, and H. Ohno, “Magnetic and transport properties of
(Sb,Cry),Tes,” (poster), 22 International Conference on Electronic Properties of Two
Dimensional Systems and 18" International Conference on Modulated Semiconductor Structures
(EP2DS-22/MSS-18), July 31-August 4,2017.

S. Fukami, C. Zhang, A. Kurenkov, W. A. Borders, S. Duttagupta, and H. Ohno, “Spin-orbit
torque memory devices for integrated-circuit applications,” (invited), 29" International
Conference on Defects in Semiconductors, (ICDS), Matsue, Japan, July 31-August 4, 2017.

S. Fukami, C. Zhang, A. Kurenkov, W. A. Borders, S. Duttagupta, and H. Ohno, “Spin-orbit
torque switching devices for high-speed memories and artificial synapses,” (invited), 28"
Magnetic Recording Conference (TMRC), Tsukuba, Japan, August 2-4, 2017.

S. Fukami, W. A. Borders, A. Kurenkov, H. Akima, S. Moriya, S. Kurihara, Y. Horio, S. Sato,
and H. Ohno, “Analogue spin-orbit torque device for artificial-neural-network-based associative
memory operation,” (invited), SPIE Optics+Photonics Nanoscience +Engineering, San Diego, U.
S. A., August 6-10, 2017.

H. Ohno, “Spintronics research at RIEC, past, present and future,” (invited), Tohoku-Hanyang
Workshop on Electronics and Communications Engineering (WECE), Sendai, Japan, August 8,
2017.

C. Zhang, S. Fukami, S. DuttaGupta, H. Sato, and H. Ohno, “Device size dependence of
spin-orbit torque induced magnetization switching in W/CoFeB/MgO,” (oral), International
Conference on Solid State Devices and Materials (SSDM), Sendai, Japan, September 19-22,
2017.

E. C. 1. Enobio, H. Sato, S. Fukami, and H. Ohno, “Evaluation of energy barrier of CoFeB/MgO
magnetic tunnel junctions with perpendicular easy axis using retention time measurement,”
(oral), International Conference on Solid State Devices and Materials (SSDM), Sendai, Japan,
September 19-22, 2017.

H. Ohno, “Spintronics nanodevices for low-power integrated circuits,” (invited), 3 ImPACT
International Symposium on Spintroni Memory, Circuit and Storage, Sendai, Japan, September
23-25,2017.

S. Fukami, “Spin-orbit torque switching for high-speed nonvolatile memory applications,”
(invited), 3™ ImPACT International Symposium on Spintronics Memory, Circuit and Storage,
Sendai, Japan, September 23-25, 2017.

B. Jinnai, C. Zhang, A. Kuvenkov, M. Bersweiler, H. Sato, S. Fukami, and H. Ohno, "Spin-orbit
torque driven magnetization reversal in Co/Pt multilayer," (poster), 3 ImPACT International
Symposium on Spintroni Memory, Circuit and Storage, Sendai, Japan, September 23-25, 2017.
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34.

35.

36.

37.

38.

39,

40.

41.

42.

43.

C. Zhang, S. Fukami, K. Watanabe, A. Ohkawara, S. DuttaGupta, H. Sato, F. Matsukura, and H.
Ohno, "Spin-orbit torque-induced magnetization reversal in nanoscale W/CoFeB/MgQO," (poster),
3" ImPACT International Symposium on Spintroni Memory, Circuit and Storage, Sendai, Japan,
September 23-25, 2017.

M. Bersweiler, H. Sato, and H. Ohno, "Effect of CoFeB composition on magnetic and free-layer
properties of MgO/(Co)FeB/MgQ structure," (poster), 3™ ImPACT International Symposium on
Spintroni Memory, Circuit and Storage, Sendai, Japan, September 23-25, 2017.

S. DuttaGupta, C. Zhang, S. Fukami, and H. Ohno, "Quantifying Dzyaloshinskii-Moriya
interaction from thermally-activated and flow regime domain wall dynamics," (poster), 31
ImPACT International Symposium on Spintroni Memory, Circuit and Storage, Sendai, Japan,
September 23-25, 2017.

J. Igarashi, J. Llandro, H. Sato, and H. Ohno, "Coercivity dependent on magnetic-field-angle in a
nanoscale CoFeB-MgO magnetic tunnel junction with perpendicular easy axis,” (poster), 31
ImPACT International Symposium on Spintroni Memory, Circuit and Storage, Sendai, Japan,
September 23-25, 2017.

J. Courtin, S. Fukami, T. Anekawa, C. Zhang, H. Ohno, and T. Devolder, “Magnetization
switching in in-plane magnetized SOT-MRAM devices,” (poster), Louis Neel Colloquium, Paris,
France, September 24-27, 2017.

M. Bersweiler, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “Impact de la concentration en
atome de Co sur les proprieties magnetiques au sein de junction magnetique tunnel
MgO/CoFeB/MgO,” (oral), Louis Neel Colloquium, Paris, France, September 24-27, 2017.

S. Fukami, W. A. Borders, A. Kurenkov, C. Zhang, S. DuttaGupta, and H. Ohno, “Use of analog
spintronics device in performing neuro-morphic computing functions,” (invited), 5™ Berkeley
Symposium on Energy Efficient Electronic System & Steep Transistors Workshop, UC Berkeley,
U. S. A., October 19-20, 2017.

S. Fukami, W. A. Borders, A. Kurenkov, C. Zhang, S. DuttaGupta, and H. Ohno, “Analog
spin-orbit torque devices with antiferromagnet for artificial neural networks,” (invited),
Workshop on Antiferromagnetic Spintronics, MINATEC, Grenoble, France, October 25-27,
2017.

H. Ohno, “Spintronics, a Route to Stand-by Power-free Integrated Circuits,” (Keynote), Tohoku
University-National Chiao Tung University 2™ Technical Workshop 2017, Sendai, Japan,
November 3, 2017.

H. Ohno, “Spin on integrated circuits,” (invited), 62™ Annual Conference on Magnetism and
Magnetic Materials (MMM), Pittsburgh, U. S. A., November 6-10, 2017.

M. Bersweiler, H. Sato, E. I. Enobio, and H. Ohno, “Effect of capping layer material on
interfacial anisotropy in MgO/CoFeB/Ta/CoFeB/MgO/capping layer structure,” (oral), 62™
Annual Conference on Magnetism and Magnetic Materials (MMM), Pittsburgh, U. S. A,
November 6-10, 2017.

J. Igarashi, J. Llandro, H. Sato, S. Fukami, and H. Ohno, “Out-of-plane field dependence of
switching current in CoFeB/MgO magnetic tunnel junctions with perpendicular easy axis at low
temperature,” (oral), 62™ Annual Conference on Magnetism and Magnetic Materials (MMM),
Pittsburgh, U. S. A., November 6-10, 2017.

S. Fukami, W. A. Borders, A. Kurenkov, H. Akima, S. Moriya, S. Kurihara, Y. Horio, S. Sato,
and H. Ohno, “An analog spin-orbit torque device for edge artificial intelligence,” (invited), 62™
Annual Conference on Magnetism and Magnetic Materials (MMM), Pittsburgh, U. S. A,
November 6-10, 2017.

C. Zhang, S. DuttaGupta, Y. Takahashi, H. Sato, S. Fukami, and H. Ohno, “Magnetization
switching by combining spin-orbit torque and spin-transfer torque in three-terminal magnetic
tunnel junctions,” (oral), 62™ Annual Conference on Magnetism and Magnetic Materials
(MMM), Pittsburgh, U. S. A., November 6-10, 2017.
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44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

S. DuttaGupta, T. Kanemura, A. Kurenkov, C. Zhang, S. Fukami, and H. Ohno,
“Characterization of spin-orbit - torque and Dzyaloshinskii-Moriya interaction in an
antiferromagnet/ferromagnet structure,” (oral), 62° Annual Conference on Magnetism and
Magnetic Materials (MMM), Pittsburgh, U. S. A., November 6-10, 2017.

C. Zhang, B. Jinnai, S. Fukami, H. Sato, K. Watanabe, A. Kurenkov, M. Bersweiler, S.
DuttaGupta, and H. Ohno, “Spin-orbit torque switching of nanoscale devises for high-speed
MRAMs,” (poster), IEDM MRAM Poster Session, San Francisco, U. S. A., December 2-6, 2017.

S. Fukami and H. Ohno, “Spin-orbit torque switching for ultralow-power VLSI and Al
hardware,” (invited), 9" MRAM Global Innovation Forum, San Francisco, U. S. A., December 7,
2017.

W. A. Borders, H. Akima, S. Fukami, S. Moriya, S. Kurihara, A. Kurenkov, Y. Horio, S. Sato and
H. Ohno, “An artificial neural network built with analogue spin-orbit torque devices,” (invited),
15" RIEC International Workshop on Spintronics, Sendai, Japan, December 13-14, 2017

S. Fukami, C. Zhang, and H. Ohno, “Sub-nanosecond field-free spin-orbit torque switching,”
(invited), 15™ RIEC International Workshop on Spintronics, Sendai, Japan, December 13-14,
2017.

K. Watanabe, B. lJinnai, S. Fukami, H. Sato, and H. Ohno, “High performance
single-digit-nanometer perpendicular magnetic tunnel junctions,” (invited), 15" RIEC
International Workshop on Spintronics, Sendai, Japan, December 13-14, 2017.

S. DuttaGupta, T. Kanemura, A. Kurenkov, C. Zhang, S. Fukami, and H. Ohno,
“Antiferromagnet layer thickness dependence of spin-orbit torque and Dzyaloshinskii-Moriya
interaction in PtMn/[Co/Ni] structure,” (poster), 15" RIEC International Workshop on
Spintronics, Sendai, Japan, December 13-14, 2017.

N. ‘Ichikawa, T. Dohi, A. Okada, H. Sato, S. Fukami, and H. Ohno, “CoFeB thickness
dependence of electric-field effect on domain structures in Ta/CoFeB/MgO,” (poster), 15 " RIEC
International Workshop on Spintronics, Sendai, Japan, December 13-14, 2017,

M. Shinozaki, J. Igarashi, H. Sato, and H. Ohno, “Effect of free layer size on magnetic
anisotropy in nanoscale CoFeB/MgO magnetic tunnel junctions,” (poster), 15" RIEC
International Workshop on Spintronics, Sendai, Japan, December 13-14, 2017.

E. Jackson, S. DuttaGupta, S. Fukami, H. Ohno, M. Sun, T. Kubota, K. Takanashi, and A.
Hirohata, “Imaging interfaces in magnetic multilayers and devices using a decelerated electron
beam,” (poster), 15" RIEC International Workshop on Spintronics, Sendai, Japan, December
13-14,2017.

J. Igarashi, J. Llandro, H. Sato, and H. Ohno, “Magnetic-field-angle dependence of coercivity in
nano-scale perpendicular-anisotropy CoFeB/MgO magnetic tunnel junctions,” (poster), 5™
RIEC International Workshop on Spintronics, Sendai, Japan, December 13-14, 2017.

J. Igarashi, J. Llandro, H. Sato, S. Fukami, and H. Ohno, “Dependence of switching current on
out-of-plane field in nano-scale perpendicular-anisotropy CoFeB/MgO magnetic tunnel junctions
at low temperature,” (poster), 15" RIEC International Workshop on Spintronics, Sendai, Japan,
December 13-14, 2017.

B. Jinnai, C. Zhang, A. Kurenkov, M. Beersweiler, H. Sato, S. Fukami, and H. Ohno, “Spin-orbit
torque switching in Co/Pt multilayers for nanoscale MRAM with high thermal stability,” (poster),
15" RIEC International Workshop on Spintronics, Sendai, Japan, December 13-14, 2017.

C. Zhang, S. Fukami, S. DuttaGupta, H. Sato, and H. Ohno, “Spin-orbit torque induced
magnetization switching in W/CoFeB/MgO structure of various sizes,” (poster), 150 RIEC
International Workshop on Spintronics, Sendai, Japan, December 13-14, 2017.

H. Sato, P. Chureemart, F. Matsukura, R. W. Chantrell, H. Ohno, and R. F. L. Evans,
“Temperature dependence of spontaneous magnetization and magnetic anisotropy in
CoFeB/MgO thin films: experiments versus simulations,” (invited), 6™ Core-to-core Workshop
on “New-Concept Spintronic Devices,” Sendai, Japan, December 15-16, 2017.
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60.
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

S. Fukami, “Analog spin-orbit torque devices for artificial neural networks,” (invited),
Japan-Korea Spintronics Workshop, Seoul, Korea, December 18-20, 2017.

H. Ohno, “Spintronics for information processing —from low-power integrated ciucuits to
artificial intelligence,” (keynote), Tsinghua-Tohoku Joint Workshop on Materials and Spintronics,
Beijing, China, December 21, 2017.

S. Fukami and H. Ohno, “Spin-orbit torque switching in ferromagnetic heterostructures and its
application,” (invited), Reimei/GP-Spin/ICC-IMR International Workshop “New Excitations in
Spintronics”, Sendai, Japan, January 11, 2018.

H. Ohno, “Spintronics nanodevice-faster, smaller and more intelligent,” (invited),
Tohoku-Harvard Workshop, Sendai, Japan, January 18-19, 2018.

J. Igarashi, J. Llandro, H. Sato, S. Fukami, and H. Ohno, “Investigating the influence on
magnetization switching of edge effects in nanoscale CoFeB/MgO perpendicular
magnetic-tunnel junctions,” (poster), Tohoku-Harvard Workshop, Sendai, Japan, January 18-19,
2018.

S. Fukami, C. Zhang, W. A. Borders, A. Kurenkov, S. DuttaGupta, B. Jinnai, H. Sato and H.
Ohno, “Spin-orbit torque induced magnetization switching for integrated circuits and
neuromorphic computing,” (poster), Tohoku-Harvard Workshop, Sendai, Japan, January 18-19,
2018.

S. Fukami, “Analog spin-orbit torque devices for edge Al hardware,” (invited), Tohoku-Purdue
Workshop on Novel Spintronics Physics and Materials for Future Information Processing,
Sendai, Japan, February 18, 2018.

H. Ohno, “Nano-spintronics Devices for Integrated Circuits and Artificial Intelligence,” (invited),
Kick-off Symposium for World Leading Research Centers -Materials Science and Spintronics-,
Sendai, Japan, February 19-20, 2018.

N. Ichikawa, T. Dohi, A. Okada, H. Sato, S. Fukami and H. Ohno, “Electric-field effect on
domain structures in Ta/CoFeB/MgO,” (poster), Kick-off Symposium for World Leading
Research Centers -Materials Science and Spintronics-, Sendai, Japan, February 19-20, 2018.

S. DuttaGupta, A. Kurenkov, S. Fukami, C. Zhang, and H. Ohno, "Thickness Dependence of
Spin-orbit Torque and Dzyaloshinskii-Moriya Interaction in an Antiferromagnet/Ferromagnet
Heterostructure,” (poster), Kick-off Symposium for World Leading Research Centers -Materials
Science and Spintronics-, Sendai, Japan, February 19-20, 2018.

B. Jinnai, C. Zhang, A. Kurenkov, M. Bersweiler, H. Sato, S. Fukami, and H. Ohno,
"Spin-orbit-torque-induced magnetization switching in perpendicularly-magnetized Co/Pt
multilayers with high thermal stability,” (poster), Kick-off Symposium for World Leading
Research Centers -Materials Science and Spintronics-, Sendai, Japan, February 19-20, 2018.

C. Zhang, S. Fukami, S. DuttaGupta, H. Sato, and H. Ohno, "Magnetization switching induced
by spin-orbit torque in W/CoFeB/MgO devices with various sizes,” (poster), Kick-off
Symposium for World Leading Research Centers -Materials Science and Spintronics-, Sendai,
Japan, February 19-20, 2018.

S. Fukami and H. Ohno, "Spin-orbit torque induced magnetization switching and its
applications,” (poster), Kick-off Symposium for World Leading Research Centers -Materials
Science and Spintronics-, Sendai, Japan, February 19-20, 2018.

J. Igarashi, J. Llandro, H. Sato, S. Fukami, and H. Ohno, "An effect of out-of-plane external
magnetic field on switching current in nanoscale CoFeB/MgO magnetic tunnel junction with
perpendicular easy axis,” (poster), Kick-off Symposium for World Leading Research Centers
-Materials Science and Spintronics-, Sendai, Japan, February 19-20, 2018.

M. Shinozaki, J. Igarashi, H. Sato and H. Ohno, "Free-layer size dependence of magnetic
properties in CoFeB/MgO nanoscale magnetic tunnel junctions,” (poster), Kick-off Symposium
for World Leading Research Centers -Materials Science and Spintronics-, Sendai, Japan,
February 19-20, 2018.
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74.

75.

76.

77.

H. Sato, P. Chureemart, F. Matsukura, R. W. Chantrell, H. Ohno, and R. F. L. Evans,
"Dependence of spontaneous magnetization and magnetic anisotropy in CoFeB/MgO structure
on temperature: experiments versus simulations,” (poster), Kick-off Symposium for World
Leading Research Centers -Materials Science and Spintronics-, Sendai, Japan, February 19-20,
2018.

S. Gupta, S. Kanai, F. Matsukura, and H. Ohno, "Ferromagnetic Resonance Spectra of Permalloy
Deposited on (Bil-xSbx)2Te3,” (poster), Kick-off Symposium for World Leading Research
Centers -Materials Science and Spintronics-, Sendai, Japan, February 19-20, 2018.

H. Sato, K. Watanabe, B. Jinnai, S. Fukami, and H. Ohno, “Development of
(Co)FeB/MgO-based magnetic tunnel junctions down to X nm,” (invited), Tohoku/SG-Spin
Workshop on Spintronics, Sendai, Japan, February 20-21, 2018.

H. Ohno, “Spintronics Nanoelectronics —Faster, smaller, and smaller-,” (invited), 4™ CIES
Technology Forum, Tokyo, Japan, March 22, 2018.
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Ultra-Broadband Signal Processing
(T. Otsuji and A. Satou)

HREI VR - TINNVYIERHERETT/NA ZOHR

Novel millimeter-wave and terahertz-wave integrated microelectronic devices
WEERBOBRBEEBTHLI VI - T IV (73U W oHihz i,
ERT 27012, AEETHET 2H L WETTNA ABIVEE S AT LORIH &,
TNSOEHRAERE « FHUS AT ANOIHIZBT 57 ZIT> TWd., BT, F
BAANTOEABEICRIATZ2 R T IXE/RKBEVSH L WEERERBICIEL
FHEBEMOOE—L Y b T I NIV BRARTEE - FRUETNA ZAOMFERFEZED T
Wo, BTFTNAR - HTFTNA ARG OBERR 2 FFICRRT 27 L—2 Z)—L&
LTHEHLTWS, B2, U TEEEBICRE LRI T 7 XE > O EFE £
BETHICHIEITS ZEICK o> T BROESUREEZRIZTH /2T I NIV iHEASY
XTUTIN - BRES AT LAORIMICROAATVS, BZ, Fittk: 75702 (B
757748 ZRWVEHRET TNV L —F -5 NIRRT P50
PRZHEL TD, 512, INHHAREROBTO— RN RFNA A - EEZ
JRA LT, BEERERRE CL O - ZREDTZD OF Iz ORFEZED T NS,
We are developing novel, integrated electron devices and circuit systems operating in the
millimeter-wave and terahertz regions. One example is the frequency-tunable plasmon-resonant
terahertz emitters, detectors, and modulators. Another example is unique electromagnetic
metamaterial circuit systems based on optoelectronic dispersion control of low-dimensional
plasmons. We are also pursuing graphene-based new materials to create new types of terahertz
lasers and ultrafast transistors, breaking through the limit on conventional transistor/laser
operation. By making full use of these world-leading device/circuit technologies, we are
exploring future ultra-broadband wireless communication systems as well as
spectroscopic/imaging systems for safety and security.

ECANE DS

1.

D. Ponomarev, D. Lavrukhin, A. Yachmenev, R. Khabibullin, I. Semenikhin, V. Vyurkov, M.
Ryzhii, T. Otsuji, and V. Ryzhii, "Lateral terahertz hot-electron bolometer based on an array of
Sn nanothreads in GaAs," J. Phys. D: Appl. Phys., vol. 51, no. 13, pp. 135101-1-8, 2018. DOI:
10.1088/1361-6463/aabl1d

D. Yadav, G. Tamamushi, T. Watanabe, J. Mitsushio, Y. Tobah, K. Sugawara, A.A. Dubinov, M.
Ryzhii, V. Ryzhii, and T. Otsuji, "Terahertz light-emitting graphene-channel transistor toward
single-mode lasing," Nanophotonics, vol. 7, iss. 4, pp. 741-752, 2018. DOL
10.1515/nanoph-2017-0106

V. Ryzhii, T. Otsuji, V.E. Karasik, M. Ryzhii, V.G Leiman, V. Mitin, and M.S. Shur,
"Comparison of intersubband quantum-well and interband graphene-layer infrared
photodetectors," IEEE j. Quantum Electron., vol. 54, ss. 2 , pp. 1558-1713, 2018. DOL
10.1109/JQE.2018.2797912

V. Ryzhii, M.S. Shur, M. Ryzhii, V.E. Karasik, and T. Otsuji, "Device model for pixelless
infrared image up-converters based on polycrystalline graphene heterostructures,” J. Appl.
Phys., vol. 123, pp. 014503-1-9, Jan. 2018. DOI: 10.1063/1.5011712

O.V. Polischuk, D. V. Fateev, T. Otsuji, and V.V. Popov, "Plasmonic amplification of terahertz

radiation in a preriodic graphene structure with the carrier injection," Appl. Phys. Lett., vol. 111,
iss. 8, pp. 081110-1-4, Aug. 2017. DOI: 10.1063/1.4990620

V. Ryzhii, M. Ryzhii, S. Svintsov, V. Leiman, V. Mitin, M.S. Shur, and T. Otsuji, "Effect of
doping on the characteristics of infrared photodetectors based on van der Waals heterostructures
with multiple graphene layers," J. Appl. Phys., vol. 122, pp. 054505-1-8, Aug. 2017. DOL
10.1063/1.4997459
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7.

V. Ryzhii, T. Otsuji, M. Ryzhii, V.E. Karasik, and M.S. Shur, "Infrared detection and photon
energy up-conversion in graphene layer infrared photodetectors integrated with LEDs based on
van der Waals heterostructures: concept, device model, and characteristics," Infrared Phys.
Technol., vol. 85, pp. 307-314, July 2017. DOI: 10.1016/j.infrared.2017.07.018

K.-S. Kim, G.-H. Park, H. Fukidome, T. Suemitsu, T. Otsuji, W.-J. Cho, and M. Suemitsu,
"Solution-based formation of high-quality gate dielectrics on epitaxial graphene by
microwave-assisted annealing," Jpn. J. Appl. Phys., vol. 56, pp. 06GF09-1-5, May 2017. DOIL:
10.7567/JJAP.56.06GF09

(EFx=EFEE]

1.

10.

11.

T. Otsuji, "Terahertz light emission and lasing in graphene-based van der Waals 2D
heterostructures, XXII International Symposium on Nanophysics and Nanoelectronics," Niznhy
Novgorod, Russia, March 12-16, 2018.

T. Otsuji, "Emission and detection of terahertz radiation using graphene-based atomically-thin
2D heterostructures," MANA Int. Symp., S2-21, Tsukuba, Japan, March 2018,

T. Otsuji, "Graphene-based 2D materials -their physics and technology to create terahertz lasers,
Energy Colloquium," SKOLTECH, Skolkovo, Moscow Region, Russia, Feb. 2018.

V. Ryzhii, T. Otsuji, and M.S. Shur, "Concepts of infrared and terahertz photodetectors based on
van der Waals heterostructures with graphene layers," WINDS17: 16: 2017 International
Workshop on Innovative Nanoscale Devices and Systems Abstracts, p. ??, Big Island Hawaii,
USA, Nov 26 - Dec. 1, 2017. (invited)

D. Yadav, T. Watanabe, S. Boubanga-Tombet, A. Satou, V. Ryzhii, and T. Otsuji, "Terahertz
light emission and lasing in graphene-based van der Waals 2D heterostructures," WINDS17: 16:
2017 International Workshop on Innovative Nanoscale Devices and Systems Abstracts, p. 77,
Big Island Hawaii, USA, Nov 26 - Dec. 1, 2017. (invited)

M. Ryzhii, V. Ryzhii, T. Otsuji, and M.S. Shur, "Detection and up-conversion of infrared
radiation using van der Waals heterostructures with graphene layers," IEEE COMCAS:
International Conference on Microwave, Communications, Antennas and Electronic systems,
David Intercontinental Hotel, Tel Aviv, Israel, Nov. 13-15, 2017.

T. Otsuji, "Terahertz light emission and lasing in graphene transisters under current-injection
pumping, MTSA2017-CTOXMAND-TeraNano-8, Singapore, Singapore, Nov. 19-23, 2017.
(invited)

T. Hosotani, F. Kasuya, M. Suzuki, T. Suemitsu, T. Otsuji, Y. Takida, H. Ito, H. Minamide, T.
Ishibashi, M. Shimizu, and A. Satou, "Response speed of asymmetric-dual-grating-gate
high-electron-mobility-transistor ~ for  terahertz  detection, RJUSE TeraTech 2017:
Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz
Devices & Technologies," Rensselaer Polytechnic Institute, Troy, NY, USA, Oct. 1-5, 2017.

K. Sugawara, T. Watanabe, T. Komiyama, T. Fuse, M. Ryzhii, V. Ryzhii, H. Fukidome, M.
Suemitsu, and T. Otsuji, "Temperature dependence of the conductivity in dual gate graphene
field effect transistors," RJUSE TeraTech 2017: Russia-Japan-USA-Furope Symposium on
Fundamental & Applied Problems of Terahertz Devices & Technologies, Rensselaer
Polytechnic Institute, Troy, NY, USA, Oct. 1-5, 2017.

V. Mitin, V. Ryzhii, M. Ryzhii, T. Otsuji, and M.S. Shur, "Infrared and terahertz detectors on
graphene van der Waals heterostructures and effect of doping," RJUSE TeraTech 2017:
Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz
Devices & Technologies, Rensselaer Polytechnic Institute, Troy, NY, USA, Oct. 1-5, 2017.
(invited)

T. Otsuji, D. Yadav, T. Watanabe, S. Boubanga-Tombet, A. Satou, T. Suemitsu, V. Ryzhii, A.A.
Dubinov, M. Ryzhii, V. Mitin, and M.S. Shur, "Terahertz light emission and lasing in graphene
transistors under current-injection pumping," RJUSE TeraTech 2017:
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18.

19.
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21.

22.

23.

24.

Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz
Devices & Technologies, Rensselaer Polytechnic Institute, Troy, NY, USA, Oct. 1-5, 2017.
(invited, plenary)

T. Otsuji, "Terahertz light emission and lasing in graphene-based vdW 2D heterostructures,
RPGR2017: Int. Conf. Recent Progress in Graphene and 2D Materials Research, Singapore,
Sept. 19-22, 2017. (invited)

O. Polischuk, D. Fateev, T. Otsuji, and V. Popov, "Terahertz amplification by plasmons in
periodic graphene structure with the carrier injection," NANOP 2017: International Conference
on Nanophotonics and Micro/Nano Optics, Barcelona, Spain, Sept. 13-15, 2017.

T. Otsuji, "Terahertz light emission and lasing in graphene-based heterostructure 2D material
systems -theory and experiments," NANOP 2017: International Conference on Nanophotonics
and Micro/Nano Optics, Barcelona, Spain, Sept. 13-15, 2017. (invited)

D. Yadav, Y. Tobah, K. Sugawara, J. Mitsushio, G. Tamamushi, T. Watanabe, A.A. Dubinov, M.
Ryzhii, V. Ryzhii, and T. Otsuji, "Terahertz light emitting transistor based on current inection
dual-gate graphene-channel FET," IRMMW-THz: 42nd International Conference on Infrared,
Millimeter and Terahertz Waves Dig., WB3.5, Cancun, Quintana Roo, Mexco, Aug. 30, 2017.

J.A. Delgado Notario, V. Clerico, Y.M. Meziani, E. Diez, J.E. Velazquez, T. Taniguchi, K.
Watanabe, D. Yadav, and T. Otsuji, "Asymmetric dual grating gate bilayer graphene FET for
detection of terahertz radiation," IRMMW-THz: 42nd International Conference on Infrared,
Millimeter and Terahertz Waves Dig., WB3.2, Cancun, Quintana Roo, Mexco, Aug. 30, 2017.

T. Hosotani, F. Kasuya, M. Suzuki, T. Suemitsu, T. Otsuji, Y. Takida, H. Ito, H. Minamide, T.
Ishibashi, M.  Shimizu, and A. Satou, "High-speed pulse response of
asymmetric-dual-grating-gate high-electron-mobility-transistors for plasmonic THz detection,"
IRMMW-THz: 42nd International Conference on Infrared, Millimeter and Terahertz Waves
Dig., MD.30, Cancun, Quintana Roo, Mexco, Aug. 28, 2017.

K. Sugawara, D. Yadav, Y. Tobah, J. Mitsushio, G. Tamamushi, T. Watanabe, A.A. Dubinov, M.
Ryzhii, V. Ryzhii, and T. Otsuji, "Terahertz light emitting graphene-channel transistor operating
uner current-injection pumping,” TWHM: Topical Workshop on Heterostructure
Microelectronics, Kagoshima, Japan, Aug. 28-31, 2017.

Y. Omori, T. Hosotani, T. Suemitsu, K. Iwatsuki, T. Otsuji, and A. Satou, "Frequency
down-conversion from optical data signal to MMW IF data signal using InP-HEMT," The 24th
Congress of the International Commissions for Optics, Paper No. Tu2G-05, Keio-Plaza Hotel,
Tokyo, 21-25 Aug. 2017.

T. Otsuji, D. Yadav, T. Watanabe, S.A. Boubanga-Tombet, V. Ryzhii, A.A. Dubinov, D. Svintsov,
M. Ryzhii, V. Mitin, and M.S. Shur, "Broadband terahertz light emission and lasing in
graphene-based van der Waals heterostructures," EMN: Energy Materials Nanotechnology Lyon
Meeting on 2D Materials Dig., pp. 42-44, Lyon, France, Aug. 9-11, 2017. (invited)

A. Satou and T. Otsuji, "Millimeter-wave/terahertz detection and photonic double-mixing by
transistors,” SPIE OPTO+ Photonics, Conference on Infrared Remote Sensing and
Instrumentation XXV, 104003-27, San Diego Convention Center, San Diego, CA, USA, 6-10
Aug. 2017; Proc. SPIE, vol. 10403, pp. , 2017. DOI:

K.-T. Lin, Q. Weng, H. Nema, S. Kim, K. Sugawara, T. Otsuji, S. Komiyama, and Y. Kajiwara,
"Niar-field nanoscopy of shot noise in bilayer graphene," EP2DS: 22nd International
Conference on Electronic Properties of Two Dimensional Systems, Penn State Univ., PA, USA,
July 31-August 4, 2017.

T. Otsuji, T. Watanabe, A. Satou, D. Yadav, S. Boubanga-Tombet, T. Suemitsu, and V. Ryzhii,
"Terahertz light emission in graphene-based active plasmonic metamaterial heterostructures,"
META'17: the 8th International Conference on Metamaterials, Photonic Crystals and
Plasmonics Abstract Book, Paper ID: SP22.12, Incheon, Korea, 25-28 July 2017. (invited)

D. Yadav, Y. Tobah, K. Sugawara, J. Mitsushio, G. Tamamushi, T. Watanabe, A.A. Dubinov, M.
Ryzhii, V. Ryzhii, and T. Otsuji, "Terahertz LED based on current-injection dual-gate
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25.

26.

27.

28.

20.

30.

31.

32.

33.

graphene-channel field effect transistors," DRC: 75th Annual Device Research Conference Dig.,
pp. 273-274, 2017.

V. Ryzhii, and T. Otsuji, "Graphene-based heterostructures: Device concepts and prospects,” the
25th International Symposium “Nanostructures: Physics and Technology”, GRN.02i, St.
Petersburg, Russia, June 26-30, 2017. (invited)

A. Satou, and T. Otsuji, "MMW Photonic Double-Mixing and THz Plasmonic Detection Using
InP HEMTs," Global Symposium on Lasers, Optics, and Photonics, Valencia, Spain, June 19-21,
2017. (invited)

T. Hosotani, F. Kasuya, H. Taniguchi, T. Watanabe, T. Suemitsu, T. Otsuji, T. Ishibashi, M.
Shimizu, and A, Satou, "Lens-integrated asymmetric-dual-grating-gate
high-electron-mobility-transistor for plasmonic terahertz detection," IEEE IMS: 2017 IEEE Int.
Microwave Symposium, TUIF2, Honolulu, Hawaii, USA, June 4-9, 2017.

T. Otsuji, "Current-injection terahertz lasing in graphene-based transistor lasers," ETCMOS: Int.
Conf. on Emerging Technology on CMOS and Related Devices, B3-1, Hotel Sofitel Warsaw
Victoria, Warsaw, Poland, May 28-30, 2017. (invited)

A. Bylinkin, D. Svintsov, V. Ryzhii, and T. Otsuji, "Resonance tunneling of photons and surface
plasmons in graphene-based heterostructures," The 38th PIERS: Progress in Electromagnetics
Research Symposium Abstracts, p. 1A_12a-1, St. Petersburg, Russia, 22-25 May, 2017.

V. Ryzhii, T. Otsuji, M. Ryzhii, V. G. Leiman, D. Svintsov, V. Mitin, and M. S. Shur, "Effect of
selective doping on characteristics of graphene-van der Waals heterostructure terahertz and
infrared detectors," The 38th PIERS: Progress in Electromagnetics Research Symposium
Abstracts, p. 1P_10-12, St. Petersburg, Russia, 22-25 May, 2017.

D. Yadav, Y. Tobah, J. Mitsushio, G. Tamamushi, T. Watanabe, A.A. Dubinov, M. Ryzhii, V.
Ryzhii, and T. Otsuji, "Broadband terahertz-light emission by current-injection
distributed-feedback dual-gate graphene-channel field-effect transistor," CLEO: Int. Conf. on
Lasers and Electro-Optics, AM2B.7, 2017.

T. Hosotani, T. Otsuji, and T. Suemitsu, "Effective electron velocity in InGaAs-HEMTs with
slant field plates," CSW: Compound Semiconductor Week, Berlin, Brandenburg, Germany,
May 14-18, 2017.

D. Yadav, Y. Tobah, G. Tamamushi, J. Mitsushio, T. Watanabe, A.A. Dubinov, M. Ryzhii, V.
Ryzhii, and T. Otsuji, "Current-injection terahertz emission in distributed-feedback dual-gate
graphene-channel field-effect transistor,” OTST'17: Int. Conf. Optical Terahertz Science and
Technology Abstract Book, p. 66, London, UK, April 2-7, 2017.
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Nano-Bio Hybrid Molecular Devices (A. Hirano-lwata)

ATHRBICEDS TNA AORRELICAICEAT MR

Development of artificial cell membrane sensors and their medical applications

A TN HRaRERE & 2 MR L, FIRBEMLaMzE0@RNEAI ) —Z 2 KRELTO
JSHZBELTWS,

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

2. IFEeEHREERVCAIHREERECET MR

Construction of artificial neuronal networks based on cultured neurons

FEHN THAR 2 RBTFEI R L S o & R R 7 & LIEMOET IV S AT
LORAIFRZHEL TS,

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

3. N F - BEHARICEDLKEF - 1A TNA ADEIKICET 5%

1.

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

A% - INA MR ZE AW =H BB EE T 57N 1 ADERSZ O BERAS O N 28
LT, HRRET - AT\ AQRIREZBIEL TW5,

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

(A imi ]

Naotoshi Sakaguchi, Yasuo Kimura, Ayumi Hirano-Iwata, Toshio Ogino, “Fabrication of
Au-nanoparticle-embedded lipid bilayer membranes supported on solid substrates™, J. Phys. Chem.
B, 121, 4474-4481 (2017).

Tran Thi Thu Huong, Kazuhiko Matsumoto, Masataka Moriya, Hiroshi Shimada, Yasuo Kimura,
Ayumi Hirano-Iwata, Yoshinao Mizugaki, “Fabrication of resistively-coupled single-electron device
using an array of gold nanoparticles” Appl. Phys. A, 123, 557 (2017).

Teng Ma, Jinyu Zhang, Daisuke Tadaki, Yasuo Kimura, Ayumi Hirano-Iwata, Michio Niwano,
“Charge transport properties of bulk-heterojunction organic solar cells investigated by displacement
current measurement technique” Org. Electron., 51, 269-276 (2017).

Hiroyuki Kawano, Kohei Oyabu, Hideaki Yamamoto, Kei Eto, Yuna Adaniya, Kaori Kubota, Takuya
Watanabe, Ayumi Hirano-Iwata, Junichi Nabekura, Shutaro Katsurabayashi, Katsunori Iwasaki,
“Astrocytes with previous chronic exposure to amyloid p-peptide fragment 1-40 suppress excitatory
synaptic transmission”, J. Neurochem., 143, 624-634 (2017).

Daisuke Tadaki, Daichi Yamaura, Shun Araki, Miyu Yoshida, Kohei Arata, Takeshi Ohori, Ken-ichi
Ishibashi, Miki Kato, Teng Ma, Ryusuke Miyata, Yuzuru Tozawa, Hideaki Yamamoto, Michio Niwano,
Ayumi Hirano-Iwata, “Mechanically stable solvent-free lipid bilayers in nano- and micro-tapered
apertures for reconstruction of cell-free synthesized hERG channels”, Sci. Rep., 7, 17736 (2017).
Ryugo Tero, Kohei Fukumoto, Toshinori Motegi, Miyu Yoshida, Michio Niwano, Ayumi Hirano-Iwata,
“Formation of cell membrane component domains in artificial lipid bilayer”, Sci. Rep., 7, 17905
(2017).

Daisuke Tadaki, Daichi Yamaura, Kohei Arata, Takeshi Ohori, Teng Ma, Hideaki Yamamoto, Michio
Niwano, Ayumi Hirano-Iwata, “Micro- and nano-fabrication methods for ion-channel reconstitution in
bilayer lipid membranes”, Jpn. J. Appl. Phys., 57, 03EA01 (2018).

Sho Kono, Kohei Furusawa, Atsushi Kurotobi, Kohei Hattori, Hideaki Yamamoto, Ayumi
Hirano-Iwata, Takashi Tanii, “In situ modification of cell-culture scaffolds by photocatalysis of
visible-light-responsive TiO, film”, Jpn. J. Appl. Phys., 57, 027001 (2018). .

Teng Ma, Qingwen Song, Daisuke Tadaki, Michio Niwano, Ayumi Hirano-Iwata, “Unveil the full
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potential of integrated-back-contact perovskite solar cells using numerical simulation”, ACS Appl.
Energy Mater., 1, 970-975 (2018).

10. Hideaki Yamamoto, Shigeru Kubota, Fabio A. Shimizu, Ayumi Hirano-Iwata, Michio Niwano,
“Effective subnetwork topology for synchronizing interconnected networks of coupled phase
oscillators™, Front. Comput. Neurosci., 12, 17 (2018).

[(Ep=EER]

1. Satoshi Moriya, Hideaki Yamamoto, Hisanao Akima, Ayumi Hirano-Iwata, Michio Niwano,
Shigeru Kubota, Shigeo Sato, “Modularity-dependent modulation of synchronized bursting
activity in cultured neuronal network models”, IICNN 2017, Anchorage, USA, May 14-19, 2017.

2. Hideaki Yamamoto, Sho Kono, S. Fujishiro, Kohei Furusawa, Takashi Tanii, Michio Niwano,
Ayumi Hirano-Iwata, “TiO,-assisted photocatalytic lithography: Applications in patterning
neuronal cells and networks”, E-MRS 2017 Spring, Strasbourg, France, May 22-26, 2017.

3. Ayumi Hirano-Iwata, “Reconstitution and recording ion channel activities in artificially formed
cell membranes”, M&BE9, Kanazawa, Japan, June 26-28, 2017.

4. Ryosuke Matsumura, Hideaki Yamamoto, Shutaro Katsurabayashi, Michio Niwano, Ayumi
Hirano-Iwata, “Frequency characteristics of morphology controlled neurons on microcontact
printed protein patterns”, M&BE9, Kanazawa, Japan, June 26-28, 2017.

5. Takeshi Ohori, Daisuke Tadaki, Hideaki Yamamoto, Michio Niwano, Ayumi Hirano-Iwata,
“Fabrication of multidirectional electrical characteristics evaluation system of BLM based on
microfabrication”, M&BEY, Kanazawa, Japan, June 26-28, 2017.

6. Daichi Yamaura, Daisuke Tadaki, Hideaki Yamamoto, Michio Niwano, Ayumi Hirano-Iwata,
“Lipophobic surfaces enhance the stability of suspended lipid bilayers”, M&BE9Y, Kanazawa,
Japan, June 26-28, 2017.

7. Kohei Arata, Daisuke Tadaki, Hideaki Yamamoto, Yuzuru Tozawa, Michio Niwano, Ayumi
Hirano-Iwata, “Recording activities of cell-free synthesized ion-channels at artificial lipid bilayers
formed in microfabricated silicon chips”, M&BE9, Kanazawa, Japan, June 26-28, 2017.

8. Teng Ma, Jinyu Zhang, Daisuke Tadaki, Yasuo Kimura, Michio Niwano, Ayumi Hirano-Iwata,
“Probing the optimal structure of organic solar cells using displacement current measurement”,
M&BEY, Kanazawa, Japan, June 26-28, 2017.

9. Daisuke Tadaki, Teng Ma, Jinyu Zhang, Shohei lino, Ayumi Hirano-Iwata, Yasuo Kimura,
Richard A. Rosenberg, Michio Niwano, “Fabrication and characterization of polymer-based
organic thin film transistors with S/D electrodes of highly doped polymer”, M&BEY, Kanazawa,
Japan, June 26-28, 2017. :

10. Ryosuke Matsumura, Hideaki Yamamoto, Shutaro Katsurabayashi, Michio Niwano, Ayumi
Hirano-Iwata, “Frequency-response curves of micropatterned hippocampal neurons: Effect of cell
morphology on membrane impedance”, SSDM2017, Sendai, Japan, September 19-22, 2017.

11. Hideaki Yamamoto, Katsuya Ide, Kei Wakimura, Takashi Tanii, Michio Niwano, Ayumi
Hirano-Iwata, “Engineering modular organization of living neuronal networks by microcontact
printed proteins”, ISSS-8, Tsukuba, Japan, October 22-26, 2017.

12. Teng Ma, Hideaki Yamamoto, Yasuo Kimura, Ayumi Hirano-Iwata, Michio Niwano, “Generation
of nanobubbles by a porous alumina thin film with ordered straight nanoholes”, ISSS-8, Tsukuba,
Japan, October 22-26, 2017.

13. Kohei Arata, Daisuke Tadaki, Hideaki Yamamoto, Yuzuru Tozawa, Michio Niwano, Ayumi
Hirano-Iwata, “Functional reconstruction of cell-free synthesized human ion channels in artificial
bilayer lipid membranes”, ISSS-8, Tsukuba, Japan, October 22-26, 2017.

14. Takeshi Ohori, Daisuke Tadaki, Hideaki Yamamoto, Michio Niwano, Ayumi Hirano-Iwata,
“Microfabricated silicon chips for evaluation of multidirectional electrical properties of BLMs”,
ISSS-8, Tsukuba, Japan, October 22-26, 2017.
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16.

17.

18.

19.

Daisuke Tadaki, Ryohei Abe, Shin Yamamiya, Teng Ma, Yuji Imai, Ayumi Hirano-Iwata, Michio
Niwano, “Microwire-embedded flexible pressure sensor with p-phase poly(vinylidene fluoride)
thin films™, ISSS-8, Tsukuba, Japan, October 22-26, 2017.

Ayumi Hirano-Iwata, “Reconstitution of Ion Channel Functions in Artificially Formed Cell
Membranes”, [IRCS, Tokyo, Japan, November 20-23, 2017.

Hideaki Yamamoto, Katsuya Ide, Ryosuke Matsumura, Kei Wakimura, Michio Niwano, Ayumi
Hirano-Iwata, “Microcontact printing for patterning neurons and neuronal networks”, ISNM2017,
Sendai, Japan, December 13-15, 2017.

Daichi Yamaura, Daisuke Tadaki, Hideaki Yamamoto, Michio Niwano, Ayumi Hirano-Iwata,
“Modified aperture surface with self-assembled monolayer enhanced stability of suspended lipid
membrane”, ISNM2017, Sendai, Japan, December 13-15, 2017.

Katsuya Ide, Hideaki Yamamoto, Kei Wakimura, Michio Niwano, Ayumi Hirano-Iwata,
“Spontaneous activity patterns of micropatterned cortical neurons: Dependence on the number of
modules”, ISNM2017, Sendai, Japan, December 13-15, 2017.
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December 13 (Wed) 14 (Thu), 2 2017

Conference Room, Laboratory for Nanoelectronics and Spintronics
Research Instltute of Electrical Communication, Tohoku University
http'ﬂwww.ohne.riec.tqhe_kg_iee.ip:‘riecworkshop‘lS,Qf,if

Organized by
Laboratory far Nanoelec‘rmnrce and Spintronics, Research Insitute of Elecirical Communication {RIEC), Tohoku University
Center for Spintronics Integrated Systems (CSIS), Tohoku University
Center for Spintronics Research Network (CSRN), Tohoku University
WPI-Advanced Institute for Materials Research (WPI-AIMR), Tahoku University
- Graduate Program in Spintronics (GP-Spin), Tohoku University

~ Confirmed Invited Speakers
Johan Akerman llya Krivorotov
(University of Gothenburg) (University of California, Irvine)
William Borders _Chih-Huang Lai
(Tohoku University) (Nahonal Tsing Hua University)
Thibaut Devolder - Wen Siang Lew Christos Panagopoulos
(Universite Paris-Sud) = (Nanyang Technological (Nanyang Technological
Claire Donne“y e e Umversrty) ’ ~University) _
ETHzunich) @~ 5. Lugiao L_|u - Sayeef Salahuddin
Masamrtsu Hayashl_{'- '(Massachusette Institute of (Unwersny of California, Berkeley)
(University of Tokyo) :'_ G 2 Gioiogy) : Bruce Terris
Sug-Bong Choe Andrzej Maziewski  (Western Digital Corporation)
(Seoul National University) (Umverelty“of B-!aWStOk). _ Ken“ Yasuda :
AT KRG Shinji Miwa ~ (University of Tokyo)
(University of Mainz) (Osaka Univefsity) ~ Kyota Watanabe
= - ~ (Tohoku Umvefsrty)

Shigemi Mizukami
(Tohoku University)

Satoru Nakatsuji
(University of Tokyo)

_ Reglstratlon ; e
. The workshop is free of charge, but registration is required. E-mail to WSQOW@ﬂeC tohoku ac.jp with your
. pame and afﬁhatron by November 30 (Thu i Subject of the e-mail should start with [Registration].

- Banquet '
A banquet will be held in the evening on December 13 (Wed) Fee i5.5,000JPY.
Please indicate your ettendance in the above registration e-mail.

Poster Session ;
Poster session will be held in the afternoon on December 14 (Thu.). Prepare one page abstract and submit
it to ws2017@riec.tohoku.ae.ip by November 30 (Thu.). Subject of the e-mail should start with [Abstiract].
You can download the template from here.

Series Workshop

The workshop will be followed by the

o be held on December 1516 at the same venue. This is also free of charge.
The details will be announced soon.

; Committee and Secretariat ;
Committee: H. Ohno, F Matsukura, H. Sato, S. Fukami
-~ Secretariat: N. Sato, Y. Jidai, M. Abe, Y. Takahashi

Sponsors | i o
Laboratcxy for Nanoelectronlcs and Sprntromcs Research Institite of Elecirical Communication, Tohcku Unrversrty i
e : Graduate Program in Spmtromce Tohoku UnlverSity




Tentative Timetable for
15th RIEC International Workshop on Spintronics
and
6th JSPS Core-to-Core Workshop on “New-Concept Spintronic Devices”
Date: December 13 (Wed.) — 16 (Sat.), 2017

Venue: Laboratory for Nanoelectronics and Spintronics, Conference Room (4F),
Research Institute of Electrical Communication (RIEC), Tohoku University

Dec. 13 (Wed) Dec. 16 (Sat)

200810 Opening (H. Ohno)

Dec. 14 (Thu) Dec. 15 (Fri)

5:00-8:15 Opening

e00-0:30 | Th-1 T. Devolder m:su Sa-1 K. O'Grady

sioedn | \We-1 L. Liu

545045 | Fr-1 B. Hillebrands

ssees0 | Th-2 K. Watanabe

| e300 | Sa-2 H. Sato

s:40-10:10 | Wee-2 M. Hayashi

A. Maziewski w4505 | Fr-2 Y. Hashimoto

| P— Sa-3 A. Pratt

W. A. Borders

10151045 | Fr-3 B. Stadtmuller

10:30-10:50

w1110 | Th-4 | C. Panagopoulos 10:45-11:15 | Sa-4 H. Muracka

C. Lai

1004130 | Fr-4 J. Nitta

G. Vallejo-
Fernandez

1101140 | Th-§ S.-B. Choe 19151145 | Sa-5

11:20-41:50 | Wig-5 K. Yasuda

11:30-12:00 | Fr-5 A. Ferreira

preTre Photo 11404210 | Th-6 C. Donnelly | 11451215 | Sa-6 A. Hirohata

T. Fischer

1220 12:15-12:30 Closing

S. Salahuddin

14001430 | Fr-7 S. Maekawa

W. S. Lew
14:30-15:00 | Fr-8 T. Kimura

S. Mizukami
15001530 | Fr-9 Y. Sakuraba

M. Klaui 15:30-16:00 | Fr-10 T. Seki

S. Nakatsuji

18:00-17:20 Poster

16:30-17:00 | Th-9 J. Akerman

Closing (H. Ohno)

1710-18:00
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The 6th RIEC International Symposium on

Brain Functions and Brain Computer

Date:  February 1 - 2, 2018

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

Organizers:

Symposium Chair

Shigeo Sato, Tohoku Univ.

Program Committee _
Takahiro Hanyuu, Tohoku Univ., Yoshihiko Horio, Tohoku Univ., Ayumi Hirano-Iwata,
Tohoku Univ., Hideaki Yamamoto, Tohoku Univ.

Secretary

Hisanao Akima, Tohoku Univ.

Sponsored by

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

February 1 (Thursday)

13:30 -13:35 Opening Remarks

13:35

13:55

14:25

14:45

15:20

15:50

16:10

-13:55

-14:25

-14:45

-15:00

-15:20

-15:50

-16:10

-16:20

A. Hirano-Iwata, Tohoku Univ., Japan

Session 1 (Chair: H. Akima)

[S1-1] On a brainmorphic hardware paradigm
Y. Horio, Tohoku Univ., Japan
[S1-2] Design considerations for real-time digital architectures emulating
spiking neural models
J. Madrenas, M. Zapata, H. Akima, S. Sato, Technical Univ. of
Catalunya, Spain

[S1-3] Hebbian and anti-Hebbian learning for a qunatum associative
memory

S. Sato, Y. Osakabe, H. Akima, M. Sakuraba, Tohoku Univ., Japan

Break (15 min)
Session 2 (Chair: S. Sato)

[S2-1] Stable lipid bilayers in microfabricated silicon chips as a platform
for cell-free synthesized ion channel proteins

A. Hirano-Iwata, D. Yamaura, T. Ohori, K. Arata, D. Tadaki, T. Ma,
H. Yamamoto, M. Niwano, Tohoku Univ., Japan

[S2-2] Dynamics and effective connectivity in neuronal cultures: from
experiments to medical applications

J. Soriano, Univ. Barcelona, Spain

[S2-3] Single-cell manipulation of neuronal morphology and function
using microfabricated substrates

H. Yamamoto, R. Matsumura, M. Niwano, A. Hirano-Iwata, Tohoku
Univ,, Japan

Break (10 min)
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16:20 -17:20 ---  Poster Session = ---

[P-1] Immature excitatory synaptic transmission caused by astrocytes with previous
chronic exposure to amyloid B-peptide fragment 1-40

K. Oyvabu, H. Kawano, H. Yamamoto, K. Eto, Y. Adaniya, K. Kubota, T. Watanabe,
A. Hirano-Iwata, J. Nabekura, S. Katsurabayashi, K. Iwasaki, Fukuoka Univ.,
Japan

[P-2] An experimental and computational study on spontaneous firing pattern of a
single neuron _
K. Hattori, S. Kono, T. Yoneyama, A. Nakanishi, H. Yamamoto, T. Tanii, Waseda
Univ., Japan

[P-3] Top-down influence on V1 responses in perceptual behavior produced by
reinforcement learning

R. Tani, S. Yano, Y. Kashimori, Univ. Electro-Communications, Japan

[P-4] Synchronization of spontaneous activity in modular neuronal network models
S. Moriva, H. Yamamoto, H. Akima, S. Kubota, M. Niwano, A. Hirano-Iwata, S.
Sato, Tohoku Univ., Japan

[P-5] Spatial perception system based on motion stereo vision in cortex
S. Kurihara, H. Akima, S. Kawakami, J. Madrenas, S. Moriya, M. Yano, K.
Nakajima, M. Sakuraba, S. Sato, Tohoku Univ., Japan

[P-6] Pain responses in human iPSC-derived sensory neurons using MEA system

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

[P-7] Effect of cell morphology on membrane impedance of micropatterned neurons

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

[P-8] Dynamic-clamp analysis of a convergent neuronal network unit

T. Havakawa, H. Yamamoto, R. Matsumura, A. Hirano-Iwata, Tohoku Univ.,
Japan

[P-9] Spontaneous activity patterns of micropatterned cortical neurons with 4, 16, and
36 modules

K. Ide, H. Yamamoto, K. Wakimura, M. Niwano, A. Hirano-Iwata, Tohoku Univ.,
Japan
[P-10] High-speed calcium imaging of spontaneous neural activity in micropatterned
cortical cultures

K. Wakimura, H. Yamamoto, K. Ide, A. Hirano-Iwata, Tohoku Univ., Japan
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18:00

-20:00 Banquet

February 2 (Friday)

10:00 -

10:20 -

10:50 -

11:20 -

11:40

Session 3 (Chair: H. Yamamoto)

10:20 [S3-1] Local control of axonal excitability in the hippocampus
H. Kamiya, Hokaido Univ., Japan
10:50 [S3-2] Dynamic neural correlates of working memory phenomena in

prefrontal cortex - new experimental findings and theoretical
insights

P. Herman, M. Lundqvist, E. K. Miller, Royal Inst. Technology,
Sweden

11:20 [S3-3] Optimizing deep brain stimulation for treatment of Epilepsy and
Parkinson's disease
T. Netoff, Univ. Minnesota, USA

11:40 [S3-4] Posture estimation from electromyography signals using a multi-
layered neural network

F. Ishida, National Institute of Technology, Toyama College, Japan

-11:45 Closing Remarks
S. Sato, Tohoku Univ., Japan
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RIEGC

Research Institute of Electrical Communication
Tohoku University

9th 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 Surface Science Society of Japan

March 1-2, 2018
Sendai, Japan

288



9th International Workshop on Nanostructures & Nanoelectronics
March 1-2, 2018
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
Ayumi Hirano-lwata, Tohoku Univ.
Ryugo Tero, Toyohashi Univ. of Tech.
Teng Ma, Tohoku Univ.
Daisuke Tadaki, Tohoku Univ.
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Program

March 1 (Thursday)

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

13:00 ~ 13:05

Opening Remarks
Ayumi Hirano-Iwata (Research Institute of Electrical Communication / Advanced

Institute for Materials Research, Tohoku University, Sendai, Japan)

(Chair: Craig Aspinwall)

13:05 ~ 13:45

13:45 ~ 14:15

14:15 ~ 14:45

14:45 ~ 15:00

Modulation of signal propagation in connected cell networks by localized heat
stimulation

Philipp Rinklin!, Kamy Dang', Nouran Adly', Korkut Terkan', Leroy Grob',
Sabine Zips', and Bernhard Wolfrum'*

("Neuroelectronics - Munich School of Bioengineering, Department of Electrical

and Computer Engineering, Technical University of Munich (TUM), Boltzmannstr.
11, 85748 Garching, Germany, ZInstitute of Bioelectronics (PGI-8/ICS-8),

Forschungszentrum Jiilich, 52425 Jiilich, Germany)

Development of bioanalytical platforms for extracellular vesicles

Takanori Ichiki'?

("Department of Materials Engineering, School of Engineering, The University of
Tokyo, Japan, “Innovation Center of Nanomedicine (iCONM), Kawasaki Institute

of Industry Promotion, Kawasaki, Japan)

Mechanically stable solvent-free lipid bilayers for ion channel proteins
Avumi Hirano-Iwata'?, Daisuke Tadaki?, Daichi Yamaura? Takeshi Ohori?, Kohei

Arara?, Miki Kato?, Takafumi Deguchi’, 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,
3Frontier Research Institute for Interdisciplinary Sciences, Tohoku University,
Sendai, Japan, “Kansei Fukushi Research Institute, Tohoku Fukushi University,

Sendai, Japan)

Coffee Break
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(Chair: Ayumi Hirano-Iwata)

15:00 ~ 15:20

15:20 ~ 15:40

15:40 ~ 16:10

16:10 ~17:40

Photomodulation of electrical conductivity across a PCBM doped free-standing
lipid bilayer

Kensaku Kanomata', Takumi Haseyama', Masanori Miura!, Takafumi Deguchi?,
Daichi Yamaura?®, Daisuke Tadaki’, Teng Ma*, Ayumi Hirano-Iwata>, and
Fumihiko Hirose!

('Graduate School of Science and Engineering, Yamagata University, Yonezawa,
Japan, Research Institute of Electrical Communication, Tohoku University, Sendai,
Japan, *Japan Society for the Promotion of Science, Tokyo, Japan, ‘Advanced

Institute for Materials Research, Tohoku University, Sendai, Japan)

Microscopic morphology of polyethylene-glycol-modified lipids and its effects on
macroscopic physical properties in supported lipid bilayers

Yasuhiro Kakimoto and Tero Ryugo

(Toyohashi University of Technology, Toyohashi, Japan)

Substrate-induced asymmetric and anisotropic diffusion in supported lipid bilayers
Ryugo Tero', Toshinori Motegi', Kenji Yamazaki?, and Toshio Ogino®
(Toyohashi University of Technology, Toyohashi, Japan, *Hokkaido University,

Sapporo, Japan, *Yokohama National University, Yokohama, Japan)

Poster Session
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March 2 (Friday)

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

(Chair: Ryugo Tero)

9:00 ~ 9:40

9:40 ~ 10:10

10:10 ~ 10:40

10:40 ~ 10:50

Membrane Functionalized Sensor Architectures

Craig A. Aspinwall, Isen A. C. Calderon, Diem Nguyen, and Xuemin Wang

(University of Arizona, Departments of Chemistry and Biochemistry and

Biomedical Engineering, Tucson, Arizona, USA)

Artificial bilayers on a substrate for channel recordings

Toru Ide'! and Minako Hirano*

('Graduate School of Natural Science and Technology, Okayama University,
Okayama, Japan, °The Graduate School for the Creation of New Photonics

Industries, Hamamatsu, Japan)

Noninvasive electrochemical characterization of multicellular spheroids and
embryoid bodies

Hitoshi Shiku!, Kosuke Ino!, and Tomokazu Matsue?®

(‘Graduate School of Engineering, Tohoku University, Sendai, Japan, *Graduate

School of Environmental Studies, Tohoku University, Sendai, Japan)

Coffee Break

(Chair: Daisuke Tadaki)

10:50 ~ 11:20

11:20 ~11:50

Patterned model biological membrane on the solid substrate

Kenichi Morigaki'?

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

Numerical simulation for single-electron charging effects in random arrays of small
tunnel junctions

Yoshinao Mizugaki!, Masataka Moriya', Hiroshi Shimada', Kazuhiko Matsumoto',
Makoto Moribayashi!, Tomoki Yagai', Yasuo Kimura?, Ayumi Hirano-lwata®,
and Fumihiko Hirose*

(‘The University of Electro-Communications (UEC Tokyo), Chofu, Japan, *Tokyo
University of Technology, Hachioji, Japan, *Tohoku University, Sendai, Japan,

“Yamagata University, Yonezawa, Japan)
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