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Highlights of Research in FY2015
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Nano Integration

@ J/EETNAR - TOR (EBEXHE - #BEBRX)

Nano-Integration Devices and Processing (S. Sato and M. Sakuraba)
(1) BTEFMEEZFIR LGt BTV TU XLAORFEZBRE LT ATHREERICBIT 258 FE
ZIGH L7222 —O#ETFFIREICPVT, 2FEy MNEABEICKAL TE Y MG Z®RILT 5
BFANYTREEEAL., TOZEHRICOVWTIHEET> /2, EERT IV EROFFICBN
TEOEREZERL 72,
(2) EMIEIE ECR 75 X< CVD 12D Si(100) LICTERL L7 Si/SiGe {B&: (Ge K 60%)
Si(100)N\T D& DETYHEFMEIC DN TERMRZED, SiGe BHOERMICEBRSME
RS OZMITMA THBERRA PLEANEL D Z LB RWE Uz, S 51T, S8 KEOEIHE
WZEBRoTERDOFRNFEANRRA SN/ B5 LN L.
() EINIABRIC KD ERRB AT LOBEZBENE LT, RFTEFZRAET 2 S TERDN
Pr & R AR T 5 MR RIEEET TV % LSLICEE Lz, BRoMEREEO0— NIz AE
VICERE LR T— 7N &Ny MEEEZRA W BB ARICLDERL, —BRHNRT AT
Fy 7 CPULTEFLZCHTOY I LAEHEL T, FHEEOLERE T 100550 1 U FOME
BHERBIEEHDLY I a2 —2a VTR DR Lz,
(1) Toward the development of computation algorithms utilizing quantum parallelism, we have introduced
a quantum version of Hebb learning, by which qubit interaction is enhanced in proportion to correlation
between qubits, to neuromorphic quantum computation inspired by the computational method realized with
artificial neural networks. We have simulated the proposed learning method and confirmed its effectiveness
successfully.
(2) Electrical Properties of Si/strained SiGe alloy/Si(100) heterostructures grown by low-energy ECR
plasma CVD without substrate heating have been studied. With strain relaxation in SiGe alloy, alternation
of valence band structure and clear infrared photoluminescence were observed.
(3) Toward a spatial perception system by using motion-stereo vision, we implemented a neural network
model into an LSI; an orientation and time-to-contact of a planar surface are detected by integrating local
image motions. The enormous neural connections are realized by using virtual connection scheme with
connection tables stored in local memories and packet-based communication. We confirmed by using HDL
simulation that the operation speed of the designed LSI is comparable with a C++ program performed on a
common desktop CPU, while its power consumption is smaller than the that of the CPU by less than 1%.

FEHIEY bOZ s R BBERHTEEE

Semiconductor Spintronics and Information Technology

@ FEBHRE FOZIR (KEFEE - RRMEH)

Semiconductor Spintronics (H. Ohno and S. Fukami)
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FEBRELUTHEETL. FORESRER. (1) BRI LEAGaMn)As & EEM 572 5IEE
BEE R, BEEEBREBCBNWTHEAE D= VR EN L TEL2BREENS, &F,/
EEERBMOAE L IFL L/ ALT I I ARTEIL L. (2) BRAEEEA(GaMn)As %
W, FUEL I EROBRICL BEENCETI L. £RREY S Y2 T OYERIEZ RS M L
7ze (3) 7/ AT —)l CoFeB-MgO W& b > FIINEEZTITBIT LD KAFRZE S IERE
REAEIBOFME S 10, BRICKOMEEFEOERYLEIE Lz, (4) Ta/CoFeB/MgO &
BHEE . RIEEEE D CRENMTS 7 ) — T BB OB T 2B S T ANRES AN
AZEBHEMIC L. (5) Li 23RN L 72381 8K (Ga,Mn)As 12 BT DREEH R 2 0E L
BENMSESE. BAERESERDE. 7L —F— R 3R OBEKEFEE RGN L
77

HEEDTSE

L. RIS TREHSFER OO O ICT ARBENOWITHTE ORI THS K EE
ICEBNZEZD - BEESDEOOAE Y MOy 28k - TN ZAEBEMERSE Tad oy b
ZBNWT, BERE &EE L TUTORREZESEZ, (1) Co/Ni SRIEEMEMAR P ICR S N2 REED
Bz OMBRKFEZIML . REBEOMEEENREDLANZILEZRSNMILEZ. 2) T/
A% —)l Ta/CoFeB/MgO R v MIZBIFTHAE V8 MV Y b IIEZFH L. Bt REDRER
BEZRDDYBNRTZEZIFAS MU (3) REHER SRR ATEEESEICBI 2 A 8E
NV ALK ERDFME 21TV, YEEBEICB W TITERE TO A Y 8l V27 B K EEH H]
BETHDLERIZ, HOBRICBNTIIATHERRICEL 27 0Nk BNWERT I &
R LU,

2. WHEIF MERECRUMERTELZEMOLI IT HEIRDEHR] ORFEHETHS (AP
FOZ I ZEMEEREEAWZABBIT S AT L] 702027 MZRWT, SEFFREEEEL T
AR D% 7=, (1) CoFeB-MgO BR b > RIS T BT 5 T3 ) —FEEE DR K A
BHA AL 2 TERBZEEZPALSNMIL., TNDEKIEET— ROEWVWCLDHPTED 2 &
ZRL7Z. Q Fy NT—0T7F AT RN ZRBELBOREENS, BRELROCERTE
CoFeB-MgO fEEE DS > E 2 VERDOBERIKGFEEZ MM Lz, 3) AL #E ML 7 B KED
BZOHEROMERIEITHEII L. A HFRNAY VB bV I A RO Y PR AR 2 #7875
LHETHERTHAEIEERLTZ,

Our research activities focus on realizing low-power functional spintronic devices. The outcomes in the
last fiscal year are as follows: (1) Determination of spin mixing conductance at metal/semiconductor
interfaces from electrical signals induced by inverse spin Hall effect under the ferromagnetic resonance in a
(Ga,Mn)As/Pt structure. (2) Demonstration of electrical control of damping constant and clarification of the
physical origin of magnetic damping using a ferromagnetic semiconductor (Ga,Mn)As. (3) Quantification
of modulation amplitude of magnetic anisotropy induced by electric field from a nonlinear ferromagnetic
resonance with a large precessional angle in nano-scale CoFeB-MgO magnetic tunnel junction devices. (4)
Clarification of the mechanism that determines the universality class for a creep motion of a domain wall in
ferromagnetic systems. (5) Systematic evaluation of temperature dependence of in-plane magnetic
anisotropy, anisotropic magnetoresistance, and planer Hall effect in (Ga,Mn)As codoped with Li.

In addition, the following outcomes have been obtained through cooperative researches under national
projects.

1. Research activities in "Research and Development of Spintronics Material and Device Science and
Technology for a Disaster-Resistant Safe and Secure Society" Program under Research and Development
Project for ICT Key Technology to Realize Future Societies by MEXT: (1) Evaluation of width dependence
of thermal stability of domain wall in ferromagnetic Co/Ni nanowires and clarification of the mechanism



that governs the thermal stability factor of domain walls. (2) Evaluation of dot size dependence of threshold
current density for spin-orbit torque induced magnetization switching in nanoscale Ta/CoFeB/MgO dots
and clarification of factors that determine the threshold current density. (3) Demonstration of field-free
spin-orbit torque induced magnetization switching in an antiferromagnet/ferromagnet bilayer system and
observation of analogue-like response, which is suitable for applications to artificial intelligences.

2. Research activities in "Achieving Ultimate Green IT Devices with Long Usage Times without
Charging" Program under Impulsing Paradigm Change through Disruptive Technologies Program of CSTL:
(1) Observation of different temperature dependences of energy barrier in CoFeB-MgO magnetic tunnel
junctions depending on their sizes, which can be explained by a difference in the magnetization reversal
mode. (2) Evalvnation of thickness dependence of damping constant for single-interface and
double-interface CoFeB-MgO structures from a ferromagnetic resonance using a vector network analyzer.
(3) Demonstration of the third scheme of spin-orbit torque induced magnetization switching that is useful to
investigate the physical mechanism of the switching.

@ B70— RNV RESHE (BaEH— KRAGH - K—NVHR Ry MNXFTT72)
Ultra-Broadband Signal Processing (T.Otsuji, T.Suemitsu, and S. Boubanga Tombet)

WEERBRDEREEE THDI V- T INIVVIEHOREMEZRG L. KR OEREE -
SHHATFLANERT S ZEZENELT. HFILLWEBEOI U - TINIVYEBEFTINA X
DRI E, FNEEEALZBT7O— RN MEEUBEMICE T A2HAREREHEL TW1D,
REET, BETYERIEME . V75720 20EBEREETHHEHEREALT SV L—F
—RIUVRAEDFNA AT DL AKMOBAFEEED, k% 1L L LE2BRYEBHIE
200,000 cm2/Vs WO D TENZ8MERFEEZER Uz, T2, nGaAs BB LV GaN ZRETFH
BIE N T 2O XY MHEMD) D E#EL - &fitECENOMFEEZED, MEOER 7 4 —IV R 7L —k
Mot &7 OEEEM 2% L, GaN R HEMT & - EEANOBE N ZEGEL /-,

The goal of our research is to explore the terahertz frequency range by creating novel electron devices
and systems. 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. First, towards the creation of novel
current-injection graphene THz laser-transistors, we developed an ultrafast graphene laser-transistor device
process technology demonstrating extremely high electric-field carrier mobility around 200,000 cm’/Vs an
order of magnitude larger than conventional data. Another important achievement is on high-speed,
high-power, high-electron-mobility transistors (HEMTs) based on InGaAs- and GaN-based quantum-well
heterostructures. Improved breakdown-voltage performances were verified in the GaN-based HEMTs by
introducing a unique slant field plate structure integrated with the gate electrode.

T/ 5FTINA ABREFR B

Nano-Molecular Devices

® F/AFTNAR (EFHEKX)

Nano-Molecular Devices (M. Niwano)

1. ROJRAALEKRGEMOBFE

mm71ﬁ4%ﬂk?ﬁm®@ B EDDic, 72U DRI B0 T AHA b
B DILRIREE S REGE DO Z LA, IR EE S XBREHTEIZ Z D FEICTRZ, ROT A
A NEOHEZAE KB ORE, Rz, REICBIT2EMBHFEIIRE<ZEL L
25T EEPEMTIL, (J. Mater. Chem. A, 3, 14195 (2015)IZF K. AHmCILFZFED 2015 £
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2. p-ipBEMERNS ORISR

AR Y —P3HT BEREEFOFRERICHOFR—E LT TE2EERERLVLS
EHEENT A OBRIZR L, PIHT BEICEIL R—/X> N TH S F,-TCNQ #iF A
LTEERSEREEZERL. TOEEZ2EMELE pHip MWEKEE NS OV EERL, &
DERREHRAN, T DA DIERDDICHERERO/NY — = TiEEFLBAR L.
BRI RS P AFRROSBEMOEE N T > DAL EURTEHENEN TS Z
EERLZ, (OTF R—Y 2 7HEREIZDWTIE Jpn. J. Appl. Phys, 54, 091602, 2015.12, Bl 5>
T AHZITDNWTIL . Appl. Phys. 119, 154503 (2016)ICFFR L 7=.)

3. AI#RERBIZETHESEEEEOHRBADIOOHRAFEMTORSE

FREO S DOBLBFEEEZFIE LT, EHFMRREITHAN SN T S EREEFHEITE
DEEZWRDOK 6 BFIZMETELZEEEFTLZ, Fy T EIRA V7 ORT—VOERE
BlF X /72 S BMT /N AW, RO A ZERIT BT 2 MRIE ) £ 5 W IR 4 fR iE
TIHRBICHBITE 2720, EEMEORLSTHEMRZEL L THEHDILTVWS, L)
L7z s, MIlEANOBMEILEMEONINICERE S N/-BMTEHIT 2729, FHHIRE %M
EIELIENBREOREE 2> T, AFETIEL, 77U T7HIEND FIRMREROXFF
MREENA ROFIVEEDO RIS —MRICEZEL, TNETNA A LOMEHRO LT 5,
ENWSHHERAETERREAZEETELZLEERLE. ZOFEICEDINETEHEITE
TP TR ORECEE R E ZMATE L EHHFEI N5, (Appl Phys. Lett., 108,
023701 2016 1ZFE%%) .

1. Development of perovskite solar cells: Annealing process is crucial in obtaining high-quality
perovskite layers used for highly efficient planar perovskite solar cells. In this study, we have investigated
annealing-induced chemical and structural changes of tri-iodide (T1) and mixed-halide (MH) organometal
perovskite layers using infrared absorption spectroscopy, scanning electron microscopy and x-ray
diffraction measurements. For TI layers, the solvent molecule, dimethylformamide (DMF), remained in the
form of Pbl,/ DMF compound after drying at room temperature. During annealing, the DMF evaporated to
form Pbl, crystals. When the MH perovskite film was annealed, both CH;NH;PbCl; and CH;NH;Pbl,
crystals were initially formed from an amorphous phase. With further annealing, the CH;NH;Pbl; crystals
gradually grew through the incorporation of source materials supplied from the CH;NH3PbCl; crystals and
the amorphous phase and the slow evaporation of methylammonium (MA) and chloride ions. The resultant
MH perovskite layer after annealing was mainly composed of large CH3NH3Pbl; grains with a trace of
chloride ions. We suggested that the difference in composition and structure leads to different charge
transporting properties of the TI and MH perovskite layers. (J. Mater. Chem. A, 3, 14195 (2015))

2. Fabrication and characterization of p™-i-p* type organic thin film transistors: Organic thin film
transistors (OTFTs) have been explored because of their advantageous features such as light-weight,
flexible, and large-area. For more practical application of organic electronic devices, it is very important to
realize OTFTs that are composed only of organic materials. In this paper, we have fabricated p -i-p” type of
OTFTs in which an intrinsic (i) regioregular poly (3-hexylthiophene) (P3HT) layer is used as the active
layer and highly doped p-type (p') P3HT is used as the source and drain electrodes.
2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4-TCNQ) was used as the p-type dopant. A
fabricating method of p'-i-p” OTFTs have been developed by using SiO, and aluminum films as capping
Jayers for micro-scaled patterning of the p-P3HT electrodes. The characteristics of the OTFTs were
examined using photoelectron spectroscopy and electrical measurements. We demonstrated that the
fabricated p -i-p” OTFTs work with carrier injection through a built-in potential at p*/i interfaces. We found
that the p-i-p” OTFTs exhibit better FET characteristics than the conventional P3HT-OTFT with metal
(Au) electrodes, indicating that the influence of a carrier injection barrier at the interface between the
electrode and the active layer was suppressed by replacing the metal electrodes with p'-P3HT layers. (I.
Appl. Phys. 119, 154503 (2016); Jpn. J. Appl. Phys., 54, 091602 (2015))



3. Investigation of neuronal extracellular recordings: Electrical signals of neuronal cells can be
recorded non-invasively and with a high degree of temporal resolution using multielectrode arrays (MEAs).
However, signals that are recorded with these devices are small, usually 0.01%—0.1% of intracellular
recordings. Here, we show that the amplitude of neuronal signals recorded with MEA devices can be
amplified by covering neuronal networks with an electrically resistive sheet. The resistive sheet used in this
study is a monolayer of glial cells, supportive cells in the brain. The glial cells were grown on a
collagen-gel film that is permeable to oxygen and other nutrients. The impedance of the glial sheet was
measured by electrochemical impedance spectroscopy, and equivalent circuit simulations were performed
to theoretically investigate the effect of covering the neurons with such a resistive sheet. Finally, the effect
of the resistive glial sheet was confirmed experimentally, showing a 6-fold increase in neuronal signals.
This technique feasibly amplifies signals of MEA recordings. (Appl. Phys. Lett., 108, 023701 (2016))
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Institute of Semiconductors, Chinese Academy of Sciences, China

WINLAB.Rutgers University, USA
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University of California, Santa Barbara (UCSB), USA

Harvard University, USA

University of Vigo, Spain
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12th RIEC International Workshop on Spintronics
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5. BAFERE (FRk 27

5A 7/ SKIREBEHEE

Nano Integration

Al F/EETNAR - TR (EBERE - BERX)

Nano-Integration Devices and Processing
(S. Sato and M. Sakuraba)
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F/EBETNAR - TORR (EEEE - BEBRX)

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

HEBEHERTNA ADOSEERERMICETHIHR

High-density implementation of devices for brain computing

ReskD Si-LST OMMLRAZ R A, MBEHEHOERIITHEIT T, MEFERTN
A ADHE LT OEBEEERN,. RUKMEAEEOTO A TITDWTHEZTTS
Tnwd,

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.

EETEREFHBEET /NA RICET SR

Intelligent quantum device for brain computing

AR EETHEZBME LABOHEZER T80, BAE - CREBEERNHL
fo. BF 2O ETELUTEHETNA AEZOFET VT XL DNWTHIFE
ZiToTW3,

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.

SEEIVEREFEARIESF O vIIVEKEDEODEEBEERIEMEB TS X< CVD 7O+
AICEHTHHAR

Low-damage plasma CVD process without substrate heating for epitaxial growth of
highly strained group 1V semiconductors

FIA=IF Y REEOFBREBRFANTORBEZERT 52012, B4 —F TEHED
DRRANTOREZHET 2RERE IV EFEERRONTOLES F 2 v )VREICD
WTHEL TS,

In order to realize nanometer-order thick high-quality heterostructure, heteroepitaxial growth of
highly strained group-1V semiconductor films with atomically flat and abrupt heterointerfaces is
being studied.

IV R+ EGESEEETATOBEOEERLTOLALCHT MR

Large-scale integration process of group IV semiconductor quantum heterostructures
IV REBEBTFIIRTNA ZAOD Si ERERIBANOEBEEL T 572012, IV FELEEKS
EEETATOBEDERBELTOCALETFAT O/ T/N1 A8UE - mkrefkicD
WTHIEL Tnb,

In order to integrate group-IV semiconductor quantum-effect devices into Si LSI, large-scale

integration process of group-1V highly strained quantum heterostructures and farication of
high-performance quantum hetero nanodevices are being studied.

(EFeftam]
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5B FEEAIEY bAZH RAEBRBIWEE

Semiconductor Spintronics and Information Technology

B1 FE@AEREYPOZIR (KHBEB - RREH)
Semiconductor Spintronics
(H.Ohno and S. Fukami)

B2 B70— RNy RMESWE (BdR— - -KABH - K- HERY
cRFT72)
Ultra-Broadband Signal Processing
(T.Otsuji, T.Suemitsu and S. Boubanga- Tombet)
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B1 F#E@HIELPOZIR (KBRS - RAEH)
Semiconductor Spintronics
(H. Ohno and S. Fukami)

BEAEPOETPLALE L OREBEFIE L TENIEHT 572012, FILWHROERE, 81
BEOEREMEEOHEME, KOTNSDOAY Y MO ARTFEMEERFAOIBICET 5
PRETO>TVD, S5, AMEEEICKD. SEENDREEEMEAFSNLIAE Y
hOZZ AHFF, KOAEY b=y AEBEBEINOMEREEZT> TN,

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. ¥EEIAEY FPOZIRXICHETIHR
Semiconductor Spintronics

EEFROAE S EEROBHEZFE > ZE IRV FNDEHERERAE Y O ART
DEHRZDI LT, FBE, BIEFEE SBRERCBIZAECHE, KOEENS
ZRH L HBEAE MRl SIRAES PO AR T OREICET M5 ETTo
TWo, Tz, BHREEBEEENOATYTINA AETNUTK o THRRERDSHL ViR
HERMBBIERBEUEI AT LE, AUCHEMEERNWTERTSIEEZEEE
LT AEARY Yy Z7ERITAT BN ZHET 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.

) A O AT BHF5E

Spintronics

NFRMIETFIOANYE ) 2 JEEZRWEAE Y O AMEHOREIE D ER,
A Y ARREYE DR & B AR

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) BB A &2 OWEER TR T S0
Magnetic metal functional devices and their application
20 nm AFOAE Y b0 ARFERB L ORTIMITEM OB, 1ER L 72 HH
A AT ARTFORMEML, T L TAE " O AETFENALEZELZD
ERERHAIEZEDTND,
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) WNEHFEAR RO OBTREOYE LSBT 2058
Properties and application of magnetic semiconductors and their quantum structures
SRRV &R AR DR H LW EEATNA AOEBIFEET> T 5,
Exploration of novel spintronic semiconductor devices based on ferromagnet/semiconductor
structures is being carried out.
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4y @ b O RIVESIRTIE T OMF
Magnetic tunnel junctions with high output voltage
ENEERRESE b > RIVESEI(TMR)EZE T O L ET> T 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 MO AT INA ADFE
Metal-based spintronics devices
BT EBRAE Y bOZ) AFNA ADIER &2 OFEFE, ALY ATUOD
v I EREBEEIEZTT > TWS,
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) AE AE AL IRZE T OBFE
Spin transfer torque memory and logic devices
BEHEABEBNTANT ZAE AL AR ERICBE T 5% 217> T 5.
Characterizing spin transfer torque switching toward reduction of writing power is being
carried out.

2. MRKERICENERLDREHRDEHDRAEY PO AT /INA A B BAHTICE T
LK '
Research and Development of Spintronics Material and Device Science and Technology
for a Disaster-Resistant Safe and Secure Society

XEFIFEE TRRHASEB OO ICT BRI OMERTE] ORFAMETH D Mtk
ERICEN R OREARDOIODAE > SOy AMET N AEBERERE 0
Prl hIBNT, Tad ol FBEFEESEEL TEEEALY FOD s Ay —F
T ABRVMIMBTNA AOHEELREREALE Y O AT —F 27 A® Y MT
MEFTNA A DBFENTTHIN 2,

High-speed spintronics working memory and high-density spintronics working memory were
studied in "Research and Development of Spintronics Material and Device Science and
Technology for a Disaster-Resistant Safe and Secure Society" program under Research and
Development for Next- Generation Information Technology of MEXT.

) MEAE b AT —F 2T ATV IZET 209
Developments of high-speed spintronics working memory
WG b R AR EAE S TSR BT AL > N o) AET. ROEHES
WP A AT ARTRERL ., ERREEZRAN.
High-speed two terminal and three terimanl devices based on magnetic tunnel junction were
fabricated and studied.

2) KEBY—F 7 AEYIZHET 505
Developments of high-density spintronics working memory
40 nm¢ LA R OMBBH7ZR b > RIVESE S ZERU. AL

Magnetic tunnel junctions with a diameter less than 40 nmé were fabricated and studied.

3. REYMOZHIREHERBERWVTEE IT > RTAICBEYT 5%
Research and Development of distributed IT system using Spintronics based integrated
circuits

WHEEF ERECRUBEHR TE5KMO T IT WEROER OFFAMETHS (X
Erhoony ZEBREZBWEAHE IT A7 L5 70V MZBWT, SEH
REEEREL TIFTO-N—RAT 4 27 THRET 22 F 0= AR ST
HOEE - EF ORI

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
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Devices with long usage times without charging" program under Impulsing
Paradigm Change through Disruptive Technologies Program of CAO.

) TFIO=N=—RATF 4 2 TRETLAE Y b0y ARERBERTHE - EFIC
B9 2 Hr5E
Developments of spintronics materials and devices for spintronics based integrated circuits
that can be driven by energy-harvesting
IFIP=N—RAT 4 2T THEEHTHAE > by AEBREKMT OS>
FNEEEEABEETH5 M TFAE PO AHRF, KU=EHFAE bOD
D ARFEMEEL., EBRFEEHRH.
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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—Ferromagnetic Resonance Measurements on CoFeB-MgO Stack with Perpendicular Easy
Axis,” 8th International Conference on Materials for Advanced Technologies and 16th IUMRS
International Conference in Asia (ICMAT2015-IUMRS-ICA2015), Singapore, June 28-July 3,
2015.

M. Pohlit, F. Porrati, M. Huth, Y. Ohno, H. Ohno, and J. Muller, “Building Blocks of Artificial
Square Spin Ice: Stray-Field Studies of Thermal Dynamics and Tuned Interactions” 20th
International Conference on Magnetism (ICM), Barcelona, Spain, July 5-10, 2015.

T. Le, A. Eklund, S. Chung, H. Mazraati, A. Nguyen, M. Yamanouchi, E. Enobio, S. Ikeda, H.
Ohno, and J. Akerman, “Ultra-High Frequency Tunability in Low-Current and Low-Field Spin
Torque Oscillators based on Perpendicular Magnetic Tunnel Junctions” 20th International
Conference on Magnetism (ICM), Barcelona, Spain, July 5-10, 2015.

S. Fukami, C. Zhang, S. DuttaGupta, and H. Ohno, “Spin-Orbit Torque Switching in a
Ferromagnet / Antiferromagnet Bilayer System,” 20th International Conference on Magnetism
(ICM), Barcelona, Spain, July 5-10, 2015.

C. Zhang, S. Fukami, H. Sato, F. Matsukura, and H. Ohno, “Spin-Orbit Torque Induced
Magnetization Switching in Ta/CoFeB/MgO Heterostructure with a Diameter Down to 30 nm,”
20th International Conference on Magnetism (ICM), Barcelona, Spain, July 5-10, 2015.

Y. Takeuchi, E. C. 1. Enobio, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “Temperature
Dependence of Intrinsic Critical Current of CoFeB-MgO Magnetic Tunnel Junctions with
Perpendicular Easy Axis,” Internationa Colloquium on Magnetic Films and Survaces (ICMFS),
Cracow, Poland, July 12-17, 2015.

H. Ohno, “Nano-Spintronics Devices for VLSI Integration,” (Invited), Spin Dynamics in
Nanostructures, Gordon Research Conference (GRC), Hong Kong, China, July 26-31, 2015.

S. Miyakozawa, L. Chen, F. Matsukura, and H. Ohno, “Effect of Li Codoping on In-Plane

‘Uniaxial Magnetic Anisotropy in (Ga,Mn)As,” , 21st International Conference on Electronic

Properties of Two-Dimensional Systems and 17th International Conference on Modulated
Semiconductor Structures, (EP2DS-21/MSS-17), Sendai, Japan, July 26-31, 2015.

S. Kanai, M. Gajek, D. C. Worledge, F. Matsukura, and H. Ohno, “dc-bias Depencence of
Ferromagnetic Resonance Spectra of a CoFeB-MgO based Magnetic Tunnel Junction,”
International School and Conference (SPINTECH VIII), Basel, Switzerland, August 10-13,
2015.

S. Fukami and H. Ohno, “Spin-Orbit Torque Induced Magnetization Switching for
Three-Terminal Spintronics Devices,” (Invited), 2nd Spin Waves and Interactions, Greifswald,
Germany, September 9-11, 2015.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
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H. Ohno, “Spintronics Nano-Devices for Nonvolatile VLSIs,” (Invited), 12th Sweden-Japan
QNANO Workshop, Hindas Sweden, September 24-25, 2015.

S. Sato, H. Honjo, S. Ikeda, H. Ohno, T. Endoh, and M. Niwa, “Optimization of CoFeB Capping
Layer Thickness for Characterization of Leakage Spot in MgO Tunneling Barrier of Magnetic
Tunnel Junction” 2015 International Conference on Solid State Devices and Materials (SSDM),
Sapporo, September 27-30, 2015.

Y. Ma, S. Miura, H. Honjo, S. Ikeda, T. Hanyu, H. Ohno, T. Shibata and T. Endoh, “A600-p W
Ultroa-Low-Power Associative Processor for Image Pattern Recognition Employing Magnetic
Tunnel Junction (MTJ) Based Nonvolatile Memories with Novel Intelligent Power-Gating ([IPG)
Scheme,” 2015 International Conference on Solid State Devices and Materials (SSDM), Sapporo,
September 27-30, 2015.

S. Fukami, H. Sato, and H. Ohno, “Spintronics Memory Devices for Ultralow-Power and
High-performance Integrated Circuits,” (Invited), 2015 International Conference on Solid State
Devices and Materials (SSDM), Sapporo, September 27-30, 2015.

H. Ohno, “Nonvolatile VLSI Made Possible by Spintronics”, (Invited), 4th Winton Symposium,
Cambridge, U. K., September 28, 2015.

H. Sato, E. C. I, Enobio, S. Fukami, F. Matsukura, and H. Ohno, “Properties of
Perpendicular-Anistropy Magnetic Tunnel Junctions with Single and Double CoFeB-MgO
Interface,” , 6th Annual Conference on Magnetics, Nanyang Technological University, Singapore,
October 2, 2015.

T. Hanyu, M. Natsui, D. Suzuki, A. Mochizuki, N. Onizawa, S. Ikeda, T. Endoh, and H. Ohno,”
Challenge of MTJ-based Nonvolatile Logic-Memory Architecture for Ultra Low-Power and
Highly Dependable VLSI Computing,” (Invited), IEEE SOI-3D-Subthreshold Microelectronics
Technology Unifield Conference, Rohnert Park, U. S. A., October 5-8, 2015.

H. Ohno, “Spintronics Nano-Devices for Nonvolatile VLSIs,” (Invited), Electronic and
Photonics Workshop, University of California Santa Barbara, U. S. A., October 15, 2015.

E. C. 1. Enobio, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “Improving the Sensitivity of
Vector-Network-Analyzer Ferromagnetic Resonance Measurement by Varying the Coplanar
Waveguide Size,” 2015 International Conference on Applied Materials and Optical Systems
(ICAMOS), Cavite State University, Philippines, October 22-24, 2015.

H. Ohno, “Spintronics materials and devices for nonvolatile CMOS VLSIs”, (Plenary), 16th
RIES-Hokudai International Symposium, Sapporo, Japan, November 10-11, 2015.

. Fukami, C. Zhang, S. DuttaGupta, A. Kurenkov, and H. Ohno, “Spi-Orbit Torque Switching for
Three-Terminal Spintronics Devices,” (Invited), 13th RIEC International Workshop on
Spintronics, Sendai, Japan, November 18-20, 2015.

. DuttaGupta, S. Fukami, C. Zhang, H. Sato, M. Yamanouchi, F. Matsukura, and H. Ohno,
“Different Universality Classes for Current and Field Driven Domain Wall Creep in a Magnetic
Metal,” 13th RIEC International Workshop on Spintronics, Sendai, Japan, November 18-20,
2015.

K. Watanabe, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “Layer Thicknesses and
Annealing Condition Dependence of Magnetic Properties of CoFeB-MgO Structure,” 13th RIEC
International Workshop on Spintronics, Sendai, Japan, November 18-20, 2015.

S. Miyakozawa, L. Chan, F. Matsukura, and H. Ohno, “Temperature Dependence of
Magnetotransport Properties in (Ga,Mn)As: Li,” , 13th RIEC International Workshop on
Spintronics, Sendai, Japan, November 18-20, 2015.

C. Zhang, S. Fukami, H. Sato, F. Matsukura, and H. Ohno,” Magnetization Switching via
Spin-Orbit Torque in Nano-Scale Ta/CoFeB/Mg0O,” 13th RIEC International Workshop on
Spintronics, Sendai, Japan, November 18-20, 2015.
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T. Anekawa, C. Zhang, S. Fukami, and H. Ohno, “A Three-Terminal Spin-Orbit Torque Device
with a New Configuration,” 13th RIEC International Workshop on Spintronics, Sendai, Japan,
November 18-20, 2015.

A. Okada, Y. Hashimoto, S. Kanai, F. Matsukura, and H. Ohno,” Electrical Modulation of
Damping Constant in Ta/CoFeB/MgO with Perpendicular Easy Axis,” 13th RIEC International
Workshop on Spintronics, Sendai, Japan, November 18-20, 2015.

E. C. I Enobio, H. Sato, S. Fukami, F. Matsukura, and H. Ohno,” CoFeB Thickness Dependence
of Damping Constant for Single and Double CoFeB-MgO Interface Structures,” 13th RIEC
International Workshop on Spintronics, Sendai, Japan, November 18-20, 2015.

Y. Nakatani, S. Kanai, S. Fukami, M. Hayashi and H. Ohno, “Control of the skyrmion structure
in a nano disk by electric field pulses at room temperature,” (Invited), 13th Joint
MMM-Intermag Conference, San Diego, U. S. A., January 11-15, 2016.

S. Ishikawa, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “Current induced magnetization
switching of CoFeB/Ta/[Co/Pd(Pt)]-multilayer in magnetic tunnel junctions with perpendicular
anisotropy,” 13th Joint MMM-Intermag Conference, San Diego, U. S. A., January 11-15, 2016.

S. Kanai, Y. Nakatani, H. Sato, F. Matsukura, and H. Ohno, “Electric field control of magnetism
and magnetization switching in CoFeB-MgO,” (Invited), 13th Joint MMM-Intermag Conference,
San Diego, U. S. A., January 11-15, 2016.

H. Honjo, H. Sato, S. lkeda, S. Sato, T. Watanabe, S. Miura, T. Natsuno, Y. Noguchi, M.
Yasuhira, T. Tanigawa, H. Koike, M. Muraguchi, M. Niwa, K. Ito, H. Ohno, and T. Endoh,
“Optimum boron composition difference between single and double CoFeB/MgO interface
perpendicular magnetic tunnel junctions (MTJs) with high thermal tolerance and its
mechanism,” 13th Joint MMM-Intermag Conference, San Diego, U. S. A., January 11-15, 2016.

K. Watanabe, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “Dependence of magnetic
properties of CoFeB-MgO on buffer layer materials” 13th Joint MMM-Intermag Conference,
San Diego, U. S. A., January 11-15, 2016.

H. Ohno, “Two-and three-terminal spintronics devices,” (Invited), 2nd CIES Technology Forum,
Sendai, Japan, March 17, 2016.

H. Ohno, “Efficiency of spintronics nanodevices,” (Invited), Spintronics Meeting in Lanna,
Prague, Czech, March 30-31, 2016.

(ER=sER] (EENTR)

L.

T. Ono, “Domain wall dynamics under Dzyaloshinskii-Moriya interaction (Invited),”
International Workshop on Topological Structures in Ferroic Materials, Sydney, Australia, May
19, 2015.

M. Oogane, Y. Kurimoto, K. Mukaiyvama, M. 1. Khan, H. Saruyama, M. Hosoda, K. Hatakeyama,
G. Kim, H. Naganuma and Y. Ando, “Perpendicularly magnetized L10-ordered alloys for
magnetic tunnel junctions (Imvited),” York-Tohoku-Kaiserslautern Research Symposium on
New-Concept Spintronics Devices, York, UK, June 12, 2015.

T. Hanyu, “Challenge of MOS/MTJ - Hybrid Integrated Circuits Based on Non - Volatile Logic
- in - Memory Architecture (Invited),” 2015 Spintronics Workshop on LSI, Kyoto, Japan, June
15, 2015.

T. Hanyu, “Design of an Ultra-Low Power Microcontroller Using Spintronics Technology
(Invited),” 1st ImPACT International Symposium on Spintronic Memory, Circuit and Storage,”
Tokyo, Japan, June 21, 2015.

T. Endoh, “MTJ based Non-Volatile Microcontroller and its MTJ/CMOS Hybrid Technology
(Invited),” 1st ImPACT International Symposium on Spintronic Memory, Circuit and Storage,
Tokyo Japan, June 21, 2015.
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6.

10.

11.

12.

13.

14.

15.

16.

N. Onizawa, A. Mochizuki, A. Tamakoshi, and T. Hanyu, “A Sudden Power-Outage Resilient
Nonvolatile Microprocessor for Immediate System Recovery,” NANOARCH 2015, Boston,
USA, July 8, 2015.

T. Ono, “Magnetic domain wall dynamics under Dzyaloshinskii-Moriya interaction (Invited),”
4th Internatinal Workshop on Magnonics, Seeon, Germany, August 3, 2015.

A. Mochizuki, N. Onizawa, A. Tamakoshi, and T. Hanyu, “Multiple-Event-Transient Soft-Error
Gate-Level Simulator for Harsh Radiation Environments,” TENCON 2015, Macau, China,
November 3, 2015.

M. Oogane, “Tunnel magneto resistance effect in MTJs with Mn-based ordered alloys (Invited),”
13th RIEC International Workshop on Spintronics, Sendai, Japan, November 18, 2015.

T. Ono, “Orbital Magnetism on the Dzyaloshinskii-Moriya Interaction (Invited),” 13th RIEC
International Workshop on Spintronics, Sendai, Japan, November 19, 2015.

M. Hayashi, “Electrically and thermally generated spin current in heavy metals (Invited),” 13th
RIEC International Workshop on Spintronics, Sendai, Japan, November 20, 2015.

T. Hanyu, “Spintronics-Based Logic-in-Memory Architecture Towards Dark Silicon Era
(Invited)," International Workshop: Spintronics VLSL” International Workshop: Spintronics
VLSI, Sendai, Japan, November 21, 2015.

T. Ono, “Orbital Magnetism on the Dzyaloshinskii-Moriya Interaction (Invited),” Xorea-Japan
Spin-orbit workshop, Korean Research Institute for Science and Standards, Daejeon, Korea,
November 30, 2015.

T. Ono, “Current-induced magnetic domain wall motion (Invited),” International USMM &
CMSI Workshop, Koshiba hall, University of Tokyo, January 9, 2016.

T. Omno, “Soliton-like magnetic domain wall motion induced by the interfacial
Dzyaloshinskii-Moriya interaction (Imnvited),” American Physical Society March Meeting,
Baltimore, USA, March 14, 2016.

T. Ono, “Soliton-like magnetic domain wall motion induced by the interfacial
Dzyaloshinskii-Moriya interaction (Invited),” Workshop on Computational Nano-Materials
Design and Realization for Energy-Saving and Energy-Creation Materials, Osaka, Japan, March
26, 2016.
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Ultra-Broadband Signal Processing
(T.Otsuji, T.Suemitsu and S. Boubanga-Tombet)

FREI VR FIANNYVEBTERETT/NA ADOHE
Novel millimeter-wave and terahertz-wave integrated microelectronic devices
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We are developing novel, integrated electron devices and circuit systems operating in the
millimeter-wave and terahertz regions. One example is the frequency-tunable plasmon-resonant
terahertz emitters, detectors, and modulators. Another example is unique electromagnetic
metamaterial circuit systems based on optoelectronic dispersion control of low-dimensional
plasmons. We are also pursuing graphene-based new materials to create new types of terahertz
lasers and ultrafast transistors, breaking through the limit on conventional 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.

EANE 3O

K. Sugawara, T. Kawasaki, G. Tamamushi, H. Mastura, A. Dobroiu, T. Yoshida, T. Suemitsu, H.
Fukidome, M. Suemitsu, V. Ryzhii, K. Iwatsuki, S. Kuwano, J.-I. Kani, J. Terada, and T. Otsuji,
"Photonic frequency double-mixing conversion over the 120 GHz band using InP- and
graphene-based transistors," IEEE J. Lightwave Technol., vol. 34, iss. 8, pp. 2011-2019, March
2016. (Top Scored) DOIL: 10.1109/JLT.2015.2505146

T. Ttatsu, E. Sano, Y. Yabe, V. Ryzhii, and T. Otsuji, “Enhanced terahertz emission from
monolayer graphene with metal meesh structure,” Materials Today: Proceedings, vol. 3, iss. S2,
pp- S221-8226, March 2016. DOI: 10.1016/;.matpr.2016.02.037

V. Ryzhii, T. Otsuji, M. Ryzhii, V. Mitin, and M. S. Shur, "Resonant plasmonic terahertz
detection in vertical graphene-base hot-electron transistors," J. Appl. Phys., vol. 118, pp.
204501-1-8, Nov. 2015. DOI: 10.1063/1.4936265

V. Ryzhii, M. Ryzhii, V. Mitin, M.S. Shur, and T. Otsuji, "Negative terahertz conductivity in
remotely doped graphene bilayer heterostructures," J. Appl. Phys., vol. 118, pp. 183105-1-8,
Nov. 2015. DOI: 10.1063/1.4934856

O.V. Polischuk, V.V. Popov, and T. Otsuji, "Superradiant amplification of terahertz radiation by
plasmons in inverted graphene with a planar distributed Bragg resonator,” Semicond., vol. 49,
iss. 11, pp. 1468-1472, Nov. 2015. DOI: 10.1134/51063782615110172

T. Otsuji, "Trends in the Research of Modern Terahertz Detectors: Plasmon Detectors," IEEE
Trans. Thrz. Sci. Technol, wvol. 5, no. 6, pp. 1110-1120, Nov. 2015. DOIL
10.1109/TTHZ.2015.2487222

T. Suemitsu, K. Kobayashi, S. Hatakeyama, N. Yasukawa, T. Yoshida, T. Otsuji, D. Piedra, and
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T. Palacios, "A new process approach for slant field plates in GaN-based high-electron-mobility
transistors," Jpn. J. Appl. Phys., vol. 55, pp. 01ADO2-1-6, Nov. 2015. DOL
10.7567/JJAP.55.01AD02

8. P. Faltermeier, P. Olbrich, W. Probst, L. Schell, T. Watanabe, S.A. Boubanga Tombet, T. Otsuji,
and S.D. Ganichev, "Helicity sensitive terahertz radiation detection by dual-grating-gate high
electron mobility transistors," J. Appl. Phys., vol. 118, iss. §, pp. 084301-1-6, 2015. DOL
10.1063/1.4928969

9. V. Ya Aleshkin, A.A. Dubinov, M. Ryzhii, V. Ryzhii, and T. Otsyji, "Electron capture in van der
Waals graphene-based heterostructures with WS2 barrier layers," J. Phys. Soc. Jpn., vol. 84, no.
9, pp. 094703-1-7, Aug. 2015. DOI: 10.7566/1PSJ1.84.094703

10. T. Suemitsu, "InP and GaN high electron mobility transistors for millimeter-wave applications,"
IEICE Electron. Express, vol. 12, no. 13, pp. 1-12, 2015. DOI: 10.1587/elec.12.20152005

11. V. Ryzhii, T. Otsuji, M. Ryzhii, V. Ya Aleshkin, A.A. Dubinov, V. Mitin, and M.S. Shur,
"Vertical electron transport in van der Waals heterostructures with graphene layers," J. Appl.
Phys., vol. 117, iss. 15, pp. 154504-1-9, April 2015. DOI: 10.1063/1.4918313

12. V. Ryzhii, T. Otsuji, M. Ryzhii, V.Ya Aleshkin, A.A. Dubinov, D. Svintsov, V. Mitin, and M.S.
Shur, "Graphene vertical cascade interband terahertz and infrared photodetectors," 2D Materials,
vol. 2, no. 2, pp. 025002-1-10, April 2015. DOI: 10.1088/2053-1583/2/2/025002

(ERERmFEER]

1. A. Satou, T. Watanabe, T. Suemitsu, V. Ryzhii, D. Fateev, V. V. Popov, and T. Otsuji, “THz
devices based on plasmons in 2D electron systems,” XX International Symposium
“Nanophysics & Nanoelectronics, Nizhny Novgorod, Russia, 15 Mar. 2016. (invited)

2. Taiichi Otsuji, Kenta Sugawara, Gen Tamamushi, Adrian Dobroiu, Tetsuya Suemitsu, Victor
Ryzhii, Katsumi Iwatsuki, Shigeru Kuwano, Jun-ichi Kani, Jun Terada, "Sub-THz photonic
frequency conversion using optoelectronic transistors for future fully coherent access network
systems,” SPIE Photonics West, OPTO 2016, Conference 9772 on Broadband Access
Communication Technologies X, Paper No. 9772-3, San Francisco, CA, USA, Feb. 16, 2016.
(invited)

Victor Ryzhii, Taiichi Otsuji, Maxim Ryzhii, Vladimir Mitin, and Michael S. Shur, "Optically
and electrically pumped graphene bilayer lasers: Dramatic enhancement of terahertz gain by
remote doping," ISANN 2015: International Symposium on Advanced Nanodevices and
Nanotechnology Dig., Graphene-11.1, Waikoloa, Hawaii, Dec. 4, 2015.

W

4. T. Otsuji, "Graphene-based van der Waals heterostructures for terahertz device applications,"
OPTIC 2015: the International Conference on Optics & Photonics Taiwan Proc., D6.S1-1,
Taipei, Taiwan, 4 Dec. 2015. (invited)

5. T. Otsuji, S.A. Boubanga Tombet, and V. Ryzhii, "Double-graphene-layer van der Waals
heterostructures for terahertz device applications,” MRS Fall Meeting, Symposium Q: Nano
Carbon Materials -1D to 3D, Q5.06, Boston, MA, USA, 1 Dec. 2015. (invited)

6. M. Ryzhii, V. Ryzhii, T. Otsuji, and M.S. Shur, "Vertical hot-electron graphene-base transistors
as resonant plasmonic terahertz detectors," COMCAS: the 5th International JEEE Conference

on Microwaves, Communications, Antennas and Electronic Systems, TU3C-4 (#1104), pp. 1-3,
Tel Aviv, Israel, 4 Nov. 2015. DOI: 10.1109/COMCAS.2015.7360418

7. T. Otsuji, "Graphene-based 2-dimensional materials for terahertz device applications," Optics -
2015: IX International Conference of Young Scientists and Specialists on Optics, St. Petersburg,
Russia, 12 Oct. 2015. (invited)

8. K. Sugawara, T. Kawasaki, G. Tamamushi, M. B. Hussin, A. Dobroiu, T. Yoshida, T. Suemitsu,
H. Fukidome, M. Suemitsu, V. Ryzhii, K. Iwatsuki, S. Kuwano, J. Kani, J. Terada, and T. Otsuyji,
"Sub-THz photonic frequency conversion using graphene and InP-based transistors for future
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

fully coherent access network," ECOC 2015: the 41st Enropean Conference on Optical
Communication, Mo3.4.2, Valencia, Spain, 28 Sept. 2015. DOI: 10.1109/ECOC.2015.7341625

H. Wako, T. Watanabe, A. Satou, K. Kawahara, H. Ago, V. Ryzhii, and T. Otsuji, "Observation
of amplified spontaneous terahertz emission from optically pumped monolayer intrinsic
graphene," FIT: Int. Symp. Frontiers in Terahertz Technology, Pos2.16, Congress Center in
ACT CITY, Hamamatsu, Japan, 31 Aug. 2015.

S. Armnold, D. Yadav, S. Boubanga Tombet, V. Ryzhii, and T. Otsuji, "Terahertz detection in
double-graphene-layer heterostructures," FIT: Int. Conf. Frontiers in Terahertz Technology
Proc., P0s2.32 (2 pages), Congress Center in ACT CITY, Hamamatsu, Japan, 31 Aug. 2015.

S. Boubanga Tombet, D. Yadav, S. Amold, T. Watanabe, V. Ryzhii, and T. Otsuji, "Emission and
detection of terahertz radiation in double-graphene-layer van der Waals heterostructures,"
IRMMW-THz 2015: the 40th Int. Conf. on Infrared, Millimeter and Terahertz Waves Dig.,
H1D-1, The Chinese University of Hong Kong, Hong Kong, China, 27 Aug. 2016. DOL
10.1109/IRMMW-THz.2015.7327487 (Keynote, invited)

F. Kasuya, T. Kawasaki, S. Hatakeyama, S. Boubanga Tombet, T. Suemitsu, T. Otsuji, G.
Ducournau, D. Coquillat, W. Knap, Y. Takida, H. Ito, H. Minamide, D.V. Fateev, V.V. Popov,
Y.M. Meziani, A. Satou, "Broadband characteristics of ultrahigh responsivity of asymmetric
dual-grating-gate plasmonic terahertz detectors,” IRMMW-THz 2015: the 40th Int. Conf. on
Infrared, Millimeter and Terahertz Waves Dig., WS-45, The Chinese University of Hong Kong,
Hong Kong, China, 26 Aug. 2016. DOL: 10.1109/IRMMW-THz.2015.7327926

S. Boubanga Tombet, "Plasmon-resonant terahertz emitters and detectors and their system
applications," Int. Conf. on Nanotechnology Congress & Expo Abstracts, T8-3, p. 79, Fleming's
Conference Hotel, Frankfurt, Germany, 13 Aug. 2015. DOI:. 10.4172/2157-7439.81.021
(invited)

V. Ryzhii, V. Mitin, T. Otsuji V. Ya Aleshkin, A.A. Dubinov, M. Ryzhii, and M.S. Shur,
"Plasmonic enhanceent of graphene heterostructure based terahertz detectors," META'15: The
6th International Conference on Metamaterials, Photonic Crystals and Plasmonics Proceedings,
pp. 1323-1324, New York, USA, 4 Aug. 2015. (invited)

T. Otsuji, A. Satou, S.A. Boubanga Tombet, V. Ryzhii, V.V. Popov, V. Mitin, and M.S. Shur,
"Emission and detection of terahertz radiation using two-dimensional plasmonic
metamaterials," META'15: The 6th International Conference on Metamaterials, Photonic
Crystals and Plasmonics Proceedings, pp. 1319-1320, The City College of New York, New
York, USA, 4 Aug. 2015. (invited)

P. Faltermeier, P. Olbrich, W. Probst, L. Schell, T. Watanabe, S.A. Boubanga-Tombet, T. Otsuji,
and S.D. Ganichev, "Helicity sensitive terahertz radiation detection by dual-grating-gate high
electron mobility transistors,” MSS-17: 17th International Conference on Modulated
Semiconductor Structures, Tu-B2-3, Sendai, Japan, 28 July 2015.

V. Ryzhii, T. Otsuji, D. Svintsov, V. Mitin, and M.S. Shur, "Giant amplificaion of terahertz
radiation in pumped graphene bilayers," EP2DS-21: 21st International Conference on
Electronic Properties of Two-Dimensional Systems, Mo-PE-1, Sendai, Japan, 27 July 2015.

D. A. Svintsov, Z.A. Devizorova, V. 1. Ryzhii, and T. Otsuji, "Surface plasmon amplification in
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P-10, Salamanca, Spain, 29 June 2015.

S. Boubanga Tombet, D. Yadav, T. Watanabe, V. Ryzhii, and T. Otsuji, "Terahertz emission in a
double-graphene-layer heterostructure," EDISON: the 19th International Conference on
Electron Dynamics in Semiconductors, Optoelectronics and Nanostructures, Mo 1I-2 (1 page),
Salamanca, Spain, 29 June 2015.
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IPRM: The 27th International Conference on Indium Phosphide and Related Materials,
Mo4PP-E.15, UCSB, Santa Barbara, CA, USA, 29 June 2015.

N. Yasukawa, S. Hatakeyama, T. Yoshida, T. Kimura, T. Matsuoka, T. Otsuji, and T. Suemitsu,
"Drain depletion length in InAIN/GaN MIS-HEMTs with slant field plates," CSW 2015:
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D. Yadav, S. Boubanga Tombet, T. Watanabe, V. Ryzhii, and T. Otsuji, "Terahertz emitters and
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Device Research Conference Digest, VII-A.3, pp. 271-272, Ohio State Univ., Ohio, USA, 24
June 2015. DOIL: 10.1109/DRC.2015.7175678

S. Boubanga Tombet, "Plasmon-resonant terahertz emitters and detectors and their system
applications," 2015-Collaborative Conference on 3D and Materials Research (CC3DMR) Proc.,
pp- 160-164, BEXCO, Busan, South Korea, June 16, 2015. (invited)

Taiichi Otsuji, Stephane Boubanga-Tombet, Akira Satou, Takayuki Watanabe, Victor Ryzhii,
Maxim Ryzhii, Vyacheslav V. Popov, Alexander A. Dubinov, Vladimir Mitin, and Michael Shur,
"Terahertz wave generation using graphene and III-V semiconductor heterostructures," RJUS
TeraTech-2015: The 4th Russia—Japan—USA Symposium on Fundamental & Applied Problems
of Terahertz Devices & Technologies, No. 1.6, IMT, ISSP, Chernogolovka, Russia, 11 June
2015. (invited)

M. Ryzhii, V. Mitin, D. Svintsov, V. Ryzhii, and T. Otsuji, "Effective suppression of intraband
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Applied Problems of Terahertz Devices & Technologies, No. 4.2, IMT, ISSP, Chernogolovka,
Russia, 11 June 2015. (invited)

V. Mitin, A. Sergeev, T. Yore, V. Ryzhii, and T. Otsuji, "THz/IR sensing based on 2DEG in
multilayer-graphene and metal dichalcogenide structures," RJUS TeraTech-2015: The 4th
Russia—-Japan—-USA Symposium on Fundamental & Applied Problems of Terahertz Devices &
Technologies, No. 4.3, IMT, ISSP, Chernogolovka, Russia, 11 June 2015. (invited)

A. Satou, Y. Koseki, V. Ryzhii, V.V. Popov, and T. Otsuji, "Computational study of graphene
plasmons: damping mechanisms and instabilities," RJUS TeraTech-2015: The 4th
Russia—Japan—-USA Symposium on Fundamental & Applied Problems of Terahertz Devices &
Technologies, No. 1.7, IMT, ISSP, Chernogolovka, Russia, 11 June 2015. (invited)
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1. AERFTNARAOREA - RADF / T — VLR - HifH
Nanometer-scale analysis and control of surfaces and interfaces of organic molecular
devices
BETNAADEKE - FETORKETF ) AT —I)VTHEFL., TOEERBZHFHT
ZERED., TN zHfEL, AETNA AOREZM EESE 5200 ET> T
é ]

We have analyzed phenomena on surface and interface of organic devices and have elucidated
the principle of their operation on a nanometer scale to improve their performance.

2. FEFREAVEBEEERR
Biodynamic analysis on a semiconductor surface
Si % GaAs FEARM LITHNT, ML <E. DNA /xEDEKYE Z R K
WEZANWTEREEICRE L. EEEREOMITZIT> T,

We have sensitively detected biological materials such as cells, proteins, and DNA molecules on
a semiconductor surface such as Si or GaAs and we have analyzed biodynamics

3. BEENAAR VT CRTLADHERFE
Research and development of a high-sensitive bio-sensing system
TG HEZANTHERP TERZANWTICEMYEZBREICHRUT 2720 DN1
T AT LAOEFBEETO TS,

We have investigated development of a label-free bio-sensing system for high-sensitive detection
of biological materials in a solution using infrared absorption spectroscopy.

4. BEBRBEZAWNCT /TN ROBRRAE
Research and development of fabricating nanodevices using anodization processes
by T7FT T A LBBRCERZEAGDES I LKL T/ TNA ADER
BT B ETT O TnD,

We have investigated fabrication of nanodevices by using both top-down processes and
anodization processes.

5 B - BENAT Uy REIF/BEROEREKBERNDLH
Fabrication of arganic-inorganic hybrid structures and their application to solar cells
LTy > ) Fa—TBEROT L BERERBEZBRL. TONT T v R
Gk KBS T 252> T s,

We have fabricated organic-inorganic hybrid nanostructures and applied those nanostructures to
hybrid solar cells.
Uizl i)

1. Daisuke Tadaki, Teng Ma, Jinyu Zhang, Shohei lino, Ayumi Hirano-Iwata, Yasuo Kimura,
Richard Rosenberg, and Michio Niwano, “Fabrication and characterization of p+-i-p+ type
organic thin film transistors with electrodes of highly doped polymer.” J. Appl. Phys. 119,
154503 (2016).

2. Ayumi Hirano-Iwata, Ryosuke Matsumura, Teng Ma, Yasuo Kimura, Michio Niwano, and Kazuo
Nishikawa, “Interaction of plasma-generated water cluster ions with chemically-modified Si
surfaces investigated by infrared absorption spectroscopy.” AIP Advances, 6, 035017 2016.

3. Teng Ma, Daisuke Tadaki, Masao Sakuraba, Shigeo Sato, Ayumi Hirano-Iwata and Michio

Niwano, “Effects of interfacial chemical states on the performance of perovskite solar cells”, J.
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Mater. Chem. A, 4, 4392-4397, 2016.

Ryosuke Matsumura, Hideaki Yamamoto, Michio Niwano, and Ayumi Hirano-Iwata, “An
electrically resistive sheet of glial cells for amplifying signals of neuronal extracellular
recordings.” Appl. Phys. Lett., 108, 023701 2016.

Hideaki Yamamoto, Takanori Demura, Kohei Sekine, Sho Kono, Michio Niwano, Ayumi
Hirano-Iwata, Takashi Tanii, “Photopatterning Proteins and Cells in Aqueous Environment Using
TiO2 Photocatalysis.” Jove-Journal of Visualized Experiments, 104, e53045, 2015.

ER EX, i BESRNASIE. TEOH) BITERICIDNA TR 2L, 64,
793-800 2015.

Daisuke Tadaki, Teng Ma, Jinyu Zhang, Shohei lino, Ayumi Hirano-Iwata, Yasuo Kimura, and
Michio Niwano , “Molecular doping of regioregular poly(3-hexylthiophene) (P3HT) layers by
2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane  (F4-TCNQ) investigated by infrared
spectroscopy and electrical measurements.” Jpn. J. Appl. Phys., 54, 091602, 2015.

Teng Ma, Matteo Cagnoni, Daisuke Tadaki, Ayumi Hirano-Iwata, and Michio Niwano
“Annealing-induced chemical and structural changes in tri-iodide and mixed-halide organometal
perovskite layers.” J. Mater. Chem. A, 3, 14195-14201 2015.

Ayumi Hirano-Iwata, Yutaka Ishinari, Hideaki Yamamoto, Michio Niwano, “Micro- and
nano-technologies for lipid bilayer-based ion-channel functional assays .” Chem. Asian J., 10,
1266-1274 2015.

(B = RK]
1.

Daisuke Tadaki, Shohei lino, Teng Ma, Jinyu Zhang, Yasuo Kimura, Michio Niwano,
“Improvement of electrical characteristic of P3HT organic electrochemical transistors with ionic
liquid by slow cooling in annealing process”, 226th Meeting of the Electrochemical Society,
Cancun, Mexico, 2014, Oct. 5-9.

A. Hirano-Iwata, “Reconstitution of Ion Channel Functions in Microfabricated Silicon Chips”,
Joint Symposium of Sendai Symposium on Analytical Sciences 2015 and Tohoku Univ. -IMEC
Seminar 2015, Sendai, November 13, 2015.

H. Yamamoto, A. Hirano-Iwata, T. Tanii, M. Niwano, “Manipulating Neuronal Cells in situ by
Ti0,-Assisted Photocatalytic Lithography,” 9th International Symposium on Nanomedicine
(ISNM2015), Mie, December 10-12, 2015.

K. Fukumoto, Y. Ishinari, A. Hirano-Iwata, M. Niwano, R. Tero, “Reconstitution of
Proteoliposome Containing Human ether-a-go-go-Related Gene Channel into Supported Lipid
Bilayer,” Eighth International Conference on Molecular Electronics and Bioelectronics (M&BES),
Tokyo, June 22, 2015.

A. Hirano-Iwata, H. Yamamoto, M. Niwano, “Reconstitution of Ion Channel Functions in
Microfabricated Silicon Chips,” A*MIDEX-JSPS International Workshop, Marseille, July 10,
2015.

R. Matsumura, H. Yamamoto, H. Takaoki, S. Katsurabayashi, A. Hirano-Iwata, M. Niwano,
“Quantitative Analysis of Synapse Formation in Micropatterned Neuronal Networks,”
A*MIDEX-JSPS International Workshop, Marseille, July 10, 2015.

T. Ma, D. Tadaki, A. Hirano-Iwata, M. Niwano, “Interfacial Modification for Highly Efficient
Perovskite Solar Cells,” 2015 MRS Fall Meeting & Exhibit, Boston, Dec. 3, 2015.
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2 1 RISk SN5EERBRBEOERICIT. 7/ 70/ 0PI ED MHET N A
DEVATLABELTORERZVVETH S, [J/ « AL ERBRR] 3. I OFEHRBEREZZ
ADMEREEMOT D, F /70 /00— CEIDWEFOER « AU ZHET 2 EBH
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[Resonant indirect exchange interaction |
Dr. Igor Rozhansky (Ioffe Institute, St. Petersburg, Russia)
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[Magnetism and Related Phenomena in 2D & 3D Materials, Metamaterials and
Heterostructures) "
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[Micromagnetic Simulation |

st (BAURGFRFHFHRELFMER. RIERFBERERHRIE BER)

#81ME L2744 11 A 12 H 10 : 00~11:00
("Efficient Emulation of Spiking Neural Networks with SIMD and pipeline
serial AER mapped on FPGAs"]
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[Topology - from the perspective of Materials science]
Professor Claudia Felser
(Max Planck Institute of Chemical Physics for Solids, Dresden, Germany)
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Magnetic domain walls in thin-film nanostructures:
Statics, dynamics, and emerging applications
Professor Geoffrey Beach
(MIT Department of Materials Science and Engineering, Cambridge, MA, USA.
LK FEQMEATE BHEAR)
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International Workshop : Spintronics(13th RIEC International Workshop on Spintronics) — Tohoku Forum for Creativity

10 H !;:' K u Custom Seamh

Thematic Programs

Spintronics: from Mathematics to Devices

International Workshop : Spintronics
(13th RIEC International Workshop on Spintronics)

Information

Date

November 18, 2015 - November 20, 2015

Place

Conference Room, Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University [Access ]

Workshop description

This workshop will cover a wide range of recent progress in spintronics, from fundamental physics to
devices for applications. Top researchers from all over the world are invited to present a comprehensive
overview of what is happening in this field.

Workshop Poster

- Download [PDF]
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International Workshop : Spintronics(13th RIEC International Workshop on Spintronics) — Tohoku Forum for Creativity

Workshop Program

+ At glance
- Download [PDF]

- Full
- Download [PDF]

Confirmed invited speakers

o Johan Akerman (University of Gothenburg)

¢ David Awschalom (University of Chicago)

« Geoffrey Beach (Massachusetts Institute of Technology)

e Tomasz Dietl (Polish Academy of Sciences)

o Claudia Felser (Max Planck Institute for Chemical Physics of Solids)
s Shunsuke Fukami (Tohoku University)

¢ Julie Grollier (Université Paris-Sud)

e Masamitsu Hayashi (National Institute for Materials Science)
+ Burkard Hillebrands (TU Kaiserstautern)

o Masashi Kawasaki (University of Tokyo)

e Charles Lambert (Université de Lorraine)

o Aurélien Manchon (King Abdullah University of Science and Technology)
¢ Shigemi Mizukami (Tohoku University)

e Teruo Ono (Kyoto University)

o Mikihiko Oogane (Tohoku University)

e Stuart Parkin (IBM)

¢ Masafumi Shirai (Tohoku University)

o Andrei Slavin (Oakland University)

o Gen Tatara (RIKEN)

e Kang Wang (University of California, Los Angeles)

o Dieter Weiss (Universitat Regensburg)

¢« Masafumi Yamamoto (Hokkaido University)

Registration

The workshop is free of charge. Those who want to participate in the workshop should register from the
registration system by October 16 (Fri.).

Banquet

Banguet will be held on the evening of November 19 (Thu.). The fee is 5,000 JPY. The participant who
wants to join the banguet also needs registration from the registration system.

Poster session

Poster session will be held on the afternoon of November 19 (Thu.). We will provide boards for B1 size
(728 mm width x 1030 mm height) and push-pins to hang posters. The participant who wants to have a
poster presentation is required to submit one page abstract by October 2 (Fri.) to
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International Workshop : Spintronics(13th RIEC International Workshop on Spintronics) — Tohoku Forum for Creativity

hsato@csis.tohoku.ac.jp.
Format is here,

Committee and Secretariat

Committee: H. Ohno, Y. Ando, G. E. W. Bauer, Y. Hirayama, J. Nitta, K. Takanashi, F. Matsukura
Local staffs: H. Sato, S. Fukami and S. Kanai
Secretariat: N. Sato, Y. lJidai

Chairs

Hideo Ohno
(Professor, Research Institute of Electrical Communication, Tohoku University)

Time Schedule

Wednesday, November 18

8:15-9:00 Registrations
9:00 - 9:15 Hideo Ohno (Organizer, Tohoku University)
Opening
9:15-10:00 Stuart Parkin (Max Planck Institute of Microstructure Physics, Martin Luther

University Halle-Wittenberg)
Racetrack Memory: ready for take-off!

10:00 - 10:20 Gen Tatara (RIKEN Center for Emergent Matter Science)
Spin electromagnetic field induced by Rashba interaction

10:20 - 10:50 Break

10:50 - 11:20 Aurelien Manchon (King Abdullah University of Science and Technology)
Spin-Orbit Torques in Novel Materials

11:20 - 11:40 Mikihiko Oogane (Tohoku University)
Tunnel magneto resistance effect in MTIs with Mn-based ordered alloys

11:40 - 11:50 Photo
11:50 - 14:00 Lunch

14:00 - 14:30 Burkard Hillebrands (Technische Universitat Kaiserslautern)
Novel transport phenomena using magnonic Bose-Einstein condensates

14:30 - 14:50 Shigemi Mizukami(Tohoku University)
Laser-induced spin-wave propagation in magnetic films
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International Workshop : Spintronics(13th RIEC International Workshop on Spintronics) — Tohoku Forum for Creativity

14:50 - 15:20 Johan Akerman (University of Gothenburg, KTH Royal Institute of Technology)
Topological and non-topological dynamical solitons in spin torque and spin hall
effect driven nano-oscillators

15:20 - 15:50 Break
15:50 - 16:20 Claudia Felser (Max Planck Institute Chemical Physics of Solids)
Magnetism in Mn-rich Heusler compounds
16:20 - 16:40 Masafumi Yamamoto (Hokkaido University)
Half-metallic Heusler alloys as spin sources of spintronic devices
16:40 - 17:00 Masafumi Shirai (Tohoku University)

Electronic Structure at Interfaces between Heusler alloys and MgO

Thursday, November 19

9:00 - 9:45 David Awschalom (University of Chicago)
Quantum Technologies Based on Spins in Semiconductors

9:45 - 10:15 Dieter Weiss (University of Regensburg)
Transport and magnetocapacitance in HgTe-based topological insulators

10:15 - 10:45 Break

10:45 - 11:15 Kang L. Wang (University of California, Los Angeles)
Topological Insulators: Quantum Anomalous Hall and Spintronics

11:15-11:35 Shunsuke Fukami (Tohoku University)
Spin-orbit torque switching for three-terminal spintronics devices

11:35 -11:55 Teruo Ono(Kyoto University)
Orbital Magnetism on the Dzyaloshinskii-Moriya Interaction

11:55 - 14:00 Lunch

14:00 - 14:30 Andrei Slavin (Oakland University)
Mechanism of a spin current transformation in an antiferromagnetic insulator

14:30 - 15:00 Tomasz Dietl (Polish Academy of Sciences, University of Warsaw, Tohoku
University)

Spin-spin interactions in topological materials doped with transition metals

15:00 - 15:30 Masashi Kawasaki (University of Tokyo)
Quantum Anomalous Hall Effect in Topological Insulator Heterostructures

15:30 - 17:30 Poster Session
17:30 - 18:00 Transfer
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International Workshop : Spintronics(13th RIEC International Workshop on Spintronics) — Tohoku Forum for Creativity

18:00 - 20:00 Banquet

Friday, November 20

9:00 - 9:30 Geoffrey Beach (Massachusetts Institute of Technology)

9:30 - 9:50 Masamitsu Hayashi (National Institute for Materials Science)
Electrically and thermally generated spin current in heavy metals

9:50 - 10:20 Break

10:20 - 10:50 Charles Lambert (Université de Lorraine)
All-Optical Helicity-Dependent Switching in Spintronic Devices

10:50 - 11:20 Julie Grollier (Universite Paris Sud)
Nanodevices for bio-inspired computing

11:20 - 11:35 Closing

[

Supported by TOKYO ELECTROM

TOHOKU

MUHIYEREITT

Tohoku Forum for Creativity, Tohoku University

Address :

2-1-1Katahira, ‘Aoba-ku, Sendai 980-8577 JAPAN [Access]

3rd Floor; AIMR Main
Building

TEL: +81-22-217-6091
FAX: +81-22-217-6097

1st Floor, TOKYO ELECTRON House of
“-Creativity

TEL: +81-22-217-6292

FAX: +81-22:217-6293

. Email 3 creativity*ml.tohoku.ac.jp (change * to @
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The 4th RIEC Int. Symp. on Brain Functions and Brain Computer 1/3 R—T

The 4th RIEC International Symposium on Brain Functions and
Brain Computer

February 23-24, 2016
Research Institute of Electrical Communication, Tohoku University, Sendai, Japan

@y

=1l

r
3

iy

Technical Program Feb. 23

13:
13:

13:
13:

13:
14:

14:
14:

14

15:
15:

15:
15:

15:
16:

30 -
35

35 -
55

55 -
15

15 -
45

145 -
15:

00

00 -
20

20 -
50

Opening Remarks

A. Hirano-Iwata, Tohoku Univ., Japan
--- Session 1 (Chair: H. Yamamoto) ---

[S1-1] MRI enabled activity mapping throughout the entire brain
volume

S. Kikuta, Y. Nakamura, Y. Yamakura, N. Homma, Y. Yanagawa,
H. Tamura, J. Kasahara, M. Osanai, Tohoku Univ., Japan

[S1-2] Surface engineering technologies for constructing and
analyzing neuronal circuits

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

[S1-3] Towards high-throughput acquisition of axonal-delay maps
using high-density microelectrode arrays

U. Frey, T. Bulimann, X. Yuan, A, Hierlemann, RIKEN, Japan
Break (15 min)
--- Session 2 (Chair: S. Katsurabayashi) ---
[S2-1] Modelling spike signalling in the hippocampal axons

H. Kamiya, Hokkaido Univ., Japan

[S2-2] Function follows form: Controlling signal propagation by
patterning populations of neurons

J. Albers, K. Zobel, A. Offenhausser, Jilich Research Center,
Germany

[S2-3] Spontaneous activity patterns of small neuronal
ensembles

H. Yamamoto, A. Hirano-Iwata, T. Tanii, S. Kubota, M. Niwano,
Tohoku Univ., Japan

Break (20 min)

--- Poster Session ---

[P-1] Cellular automata using a threshold coupled-lattice map
model

S. Uenohara, H. Tamukoh, T. Morie, Kyushu Inst. Technology,
Japan

[P-2] Simple cortical and thalamic neuron models for digital
arithmetic circuit and its implementation

217

http://www.nanospin.riec.tohoku.ac.jp/RIEC_Sympo/program.html 2016/04/12



The 4th RIEC Int. Symp. on Brain Functions and Brain Computer 23 R—

9:50 -

10:

10:
10:

10:

10:
11:

11:
11:

11:
11:

Social Program

10

10 -
25

25 -

55 -
25

25 -
45

45 -
50

~S

T. Nanami, T. Kohno, Univ. Tokyo, Japan

[P-3] Compensating temperature-dependent characteristics of an
analog silicon neuron

E. Green, T. Kohno, Univ. Tokyo, Japan

[P-4] A neural network model for detecting planar orientation and
time-to-collision from local image motion

S. Moriva, H. Akima, S. Kawakami, M. Yano, K. Nakajima, M.
Sakuraba, S. Sato, Tohoku Univ. Japan

[P-5] Spatial independent component analysis of optical intrinsic
signal of the mouse neocortex

Y. Yoshida, M. Nakao, N. Katayama, Tohoku Univ., Japan

[P-6] Distribution of presynaptically active synapses is modulated
by the number of regional astrocytes in single cultured
hippocampal neuron

H. Okuda, T. Hoshivama, S. Iwamoto, K. Takeda, S.
Katsurabayashi, K. Iwasaki, Fukucka Univ., Japan

[P-7] Equivalent circuit models of covering neurons with a cell
sheet for amplifying extracellularly recorded signals

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

[P-8] Live-cell identification of excitatory-inhibitory cell types of
cultured cortical neurons focusing on specific axon growth length
on micropatterns

S. Kono, T. Kushida, H. Yamamoto, T. Tanii, Waseda Univ., Japan

[P-9] Small world-like structure increases synchrony in
computational models of cultured neuronal networks

Y. Chida, H. Yamamoto, A. Hirano-Iwata, S. Kubota, M. Niwano,
Tohoku Univ., Japan

[P-10] Effect of network topology on synchronization in modular
networks of Kuramoto oscillators

F. A. Shimizu, H. Yamamoto, Y. Chida, A. Hirano-Iwata, S.
Kubota, M. Niwano, Tohoku Univ., Japan

--- Session 3 (Chair: H. Kamiya) ---
[$3-1] Neural circuit reorganization during epileptogenesis

R. Koyama, Univ. Tokyo, Japan

[S3-2] Optimizing electrical stimulation for treatment of
Parkinson's disease and epilepsy

T. Netoff, V. Nagaraj, A. Holt, L. Grade, Univ. Minnesota, USA

[$3-3] Numerical optimization of deep brain stimulation by direct
search

S. Kubota, J. Rubin, Yamagata Univ., Japan
Break (15 min)

--- Session 4 (Chair: T. Morie) ---

[S4-1] A modelling perspective of prefrontal cortex gamma-band
activity in a multi-item working memory task

P. Herman, Royal Inst. Technology, Sweden

[S4-2] On the action potential propagation: Established model
and its limitations in myelinated axon

A. Marti, J. Madrenas, Technical Univ. Catalunya, Spain
[S4-3] Brain inspired adiabatic quantum computing and learning

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

Closing Remarks

S. Sato, Tohoku Univ., Japan
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The symposium banquet will be held in the evening (18:00-20:00)
on Feb. 23. The banquet fee (4,000 JPY) must be paid by cash (only
JPY is available) at the registration desk.

Updates:
2016.02.02 Final program was uploaded.
2015.12.17 This site has been opened.

RIEC | Tohoku University | The 3rd RIEC International Symposium on Brain Functions and Brain
Computer (2015)
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The Joint Symposium of
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Nano-Electronics, and 7th International Workshop on

Nanostructures & Nanoelectronics
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Site: Laboratory for Nanoelectronics and Spintronics, Research
Institute of Electrical Communication, Tohoku University,

Sendai, Japan

Organizer:
Symposium Chairs
Michio Niwano, Tohoku Univ.

Shin-ichiro Umemura, Tohoku Univ.

Program Committee
Michio Niwano, Tohoku Univ.
Shin-ichiro Umemura, Tohoku Univ.
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Shin Yoshizawa, Tohoku Univ.

Organizing Committee
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Program

March 1 (Tuesday)

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

13:30~13:35

Opening Remarks
Michio Niwano (Tohoku University, Japan)

(Chair: Shin-ichiro Umemura)

13:35~14:20

14:20 ~ 14:50

14:50 ~ 15:20

15:20 ~ 15:35

Acoustic Holography by Two-Dimensional Ultrasound Array Synthesis
Oleg A. Sapozhnikov'?, Sergey A. Tsysarl, Vera A. Khokhlova!?, and Wayne
Kreider® ('Physics Faculty, Moscow State University, Moscow, Russia, Center

for Industrial and Medical Ultrasound, Applied Physics Laboratory, University of
Washington, Seattle, USA)

Reconstruction of Ultrasound Pressure Field by Combination of Optical Phase
Contrast Measurement and Acoustic Holography

Shin Yoshizawa', Seiji Oyama', Jun Yasuda', Hiroki Hanayama', and Shin-ichiro
Umemura? (‘Department of Communications Engineering, Tohoku University, Sendai,

Japan, 2Department of Biomedical Engineering, Tohoku University, Sendai, Japan)

Numerical Simulation for Development of Advanced HIFU Therapy
Kohei Okita!, Takashi Azuma?, Shu Takagi?, Yoichiro Matsumoto® (*Nihon

University, Chiba, Japan, *The University of Tokyo, Tokyo, Japan *RIKEN, Tokyo,
Japan)

Coffee break

(Chair: Shin Yoshizawa)

15:35 ~16:20
16:20 ~ 16:40
16:40~17:10

Image Guided Therapeutic Applications of High Intensity Focused Ultrasound
Narendra T. Sanghvi, (SonaCare Medical, Indianapolis, USA)

Monitoring of High-intensity Focused Ultrasound Lesion Formation Using
Decorrelation between High-speed Ultrasonic Images by Parallel Beamforming
Ryo Takagi!, Ryosuke Iwasaki?, Shin Yoshizawa', and Shin-ichiro Umemura®
(!Graduate School of Engineering, *Graduate School of Biomedical Engineering,
Tohoku University, Sendai, Japan)

Plasma Agricultural Applications using Reactive Species Controlled by
Atmospheric Pressure Air Discharge

K. Takashima', K. Shimada!, H. Konishi!, and T. Kaneko' ('‘Department of
Electronic Engineering, Tohoku University, Sendai, Japan)
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March 2 (Wednesday)

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

(Chair: Teng Ma)

9:30 ~10:15
10:15~11:00
11:00 ~ 11:15

Self-organized TiO, nanotube arrays: Latest features and applications
Patrik Schmuki (Department of Materials Science WW-4, LKO, University of
Erlangen-Nuremberg, Erlangen, Germany)

Emerging Applications of Nanostructured Silicon
Nobuyoshi Koshida (Graduate School of Engineering, Tokyo University of Agri.&

Tech., Tokyo, Japan)

Coffee break

(Chair: Patrik Schmuki)

11:15~11:35
11:35 ~11:55
11:55 ~13:30
13:30 ~ 15:00

Crystal growth and interfacial modification for highly efficient perovskite solar
cells

Teng Ma!, Daisuke Tadaki?, Ayumi Hirano-Iwata?, and Michio Niwano!~
(‘Research Institute of Electrical Communication, Tohoku University, Sendai,
Japan, *Graduate School of Biomedical Engineering, Tohoku University, Sendai,
Japan)

Improved Process of Fabricating Silicon Chips with Micro-Apertures for
Formation of Mechanically Stable Bilayer Lipid Membranes

Daisuke Tadaki!, Ayumi Hirano-Iwata!, Kenichi Ishibashi?, Shun Araki’, Miyu
Yoshida!, Kohei Arata!, Takeshi Ohori®, Hideaki Yamamoto'#, and Michio

Niwano® (! Graduate School of Biomedical Engineering, Tohoku University,
Sendai, Japan, > Hang-Ichi Corporation, Yokohama, Japan, * Research Institute of
Electrical Communication, Tohoku University, Sendai, Japan, ¢ Frontier Research

Institute for Interdisciplinary Sciences, Tohoku University, Sendai, Japan)

Lunch

Poster session

(Chair: Maurits de Planque)

15:00 ~ 15:45

Polymer-Stabilized Lipid Membranes: Enabling Platforms for Nanopore Sensors
and Beyond

L. Kofi Bright, Benjamin A. Heitz, Mark T. Agasid, S. Scott Saavedra and Craig A.
Aspinwall

(Department of Chemistry and Biochemistry, University of Arizona, Tucson,

USA)
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15:45 ~ 16:15

16:15~16:45

Observation of Supported Lipid Bilayer Membranes Incorporated with Membrane
Proteins

Ryugo Tero'?, Kohei Fukumoto!, Yuya Suzuki!, Yuya Niiyama!('Department of
Environmental and Life Sciences *Electronics-Inspired Interdisciplinary Research
Institute, Toyohashi University of Technology, Toyohashi, Japan)

Integration of human ion channels in bilayer lipid membranes formed in
microfabricated apertures

Ayumi Hirano-Iwata,! Miyu Yoshida,! Shun Araki,! Daisuke Tadaki,' K. Ishibashi?,
Hideaki Yamamoto,? and Michio Niwano*(!Graduate Schoo! of Biomedical

Engineering, Tohoku University, Sendai, Japan, Hang-Ichi Corporation, Kanagawa,
Japan, 3Frontier Research Institute for Interdisciplinary Sciences, Tohoku University,
Sendai, Japan, “Laboratory for Nanoelectronics and Spintronics, Research Institute of

Electrical Communication, Tohoku University, Sendai, Japan)

(Chair: Ryo Takagi)

16:45 ~17:15

17:15 ~17:45

Pulse driven light-addressable potentiometric sensors for chemical imaging
Carl Frederik Werner!, Torsten Wagner?, Michael J. Schoning?, Ko-ichiro

Miyamoto!, Tatsuo Yoshinobu! (!Department of Biomedical Engineering, Tohoku
University, Sendai, Japan, 2 Institute of Nano- and Biotechnologies (INB), FH
Aachen, Jiilich, Germany)

Non-invasive measurement of blood glucose level based on mid-infrared
spectroscopy using optical-fiber probe

Saiko Kino and Yuji Matsuura (Graduate School of Biomedical Engineering,
Tohoku University, Sendai, Japan)
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March 3 (Thursday)

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

(Chair: Ayumi Hirano-Iwata)

9:30 ~ 10:15
10:15~11:00
11:00 ~11:15

Molecular diagnostics with nanopore electronics

Maurits de Planque (Electronics and Computer Science & Institute for Life

Sciences, University of Southampton, United Kingdom)

Sensor Arrays for Stochastic Detection from Neurotransmitters to Nanoparticles

Kay Krause, Alexey Yakushenko, Bernhard Wolfrum (‘Institute of Bioelectronics
(PGI-8/ICS-8) and JARA—Fundamentals of Future Information Technology,
Jilich, Germany, *Neuroelectronics, IMETUM, Department of Electrical and
Computer Engineering, Technical University of Munich (TUM), Boltzmannstr. 11,

85748 Garching, Germany & Bernstein Center for Computational Neuroscience
Munich)

Coffee break

(Chair: Michio Niwano)

11:15~11:45
11:45 ~12:15
12:15~12:45
12:45 ~12:50

Characterization of Exosomes using Atomic Force Microscopy and Scanning
Electron Microscopy

Toshio Ogino!, Kazuki Ito!, Keiji Yokota® Yuta Ogawa!, Sachiko Matsumura?,
Tamiko Minamisawa’, Kanako Suga?, Kiyotaka Shiba’, Yasuo Kimura’,Ayumi
Hirano-Iwata* (' Yokohama National University, 2Japanese Foundation for Cancer
Research, *Tokyo University of Technology, “Tohoku University)

Characteristics of single electron device fabricated by repeated dispersion of gold
nano particles

Masataka Moriyva?l, Tran Thi Thu Huong!, Kazuhiko Matsumoto?,
HiroshiShimada!, Yasuo Kimura?, Ayumi Hirano-Iwata3, and Yoshinao Mizugaki'

(*The Univ. of Electro-Comm. , *Tokyo Univ. Technology, *Tohoku Univ.)

RT atomic layer deposition of TiO: and its application to nanoparticle coating
K. Kanomata, K. Kikuchi, B. Ahmmad, S. Kubota, F. Hirose (Graduate School of

Science and Engineering, Yamagata University, Yamagata, Japan)

Closing
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[P-11]

[P-12]

[P-13]

[P-14]

[P-15]

Poster Presentation

Depth Profile of B Concentration in Heavily B-Doped Si Epitaxial Film Grown on Si(100)
Using ECR Ar Plasma CVD without Substrate Heating

K. Motegi, M. Sakuraba, H. Akima and S. Sato

Characterization of Si and Si-Ge Alloy Heterostructures Formed on Si(100) by ECR Ar Plasma
CVD without Substrate Heating

N. Ueno, M. Sakuraba, H. Akima and S. Sato

Preparation and thermoelectric properties of CrixNb,Siz

H. Nagai, T. Takamatsu, Y. lijima, K. Hayashi, Y. Miyazaki

Operation to motor-protein in neurons by electro-magnet

Shin Hasegawa, Kumiko Hayashi ,

Focal Spot Visualization and Treatment Evaluation in Ultrasonically Thermal Therapy Using
Tissue Elasticity Imaging

Ryosuke Iwasaki, Ryo Takagi, Ryo Nagaoka, Hayato Jimbo, Shin Yoshizawa, Yoshifumi

Saijo, and Shin-ichiro Umemura

Confocal ultrasonic setup for doxorubicin anti-tumor potentiation

Maxime Lafond, Jacqueline Ngo, Fabrice Prieu, Cécile Fant, Bernadette Rogez, Jean-Louis
Mestas, Cyril Lafon

Estimation of tissue degeneration area using simulation of tissue temprerature increase by HIFU
exposure

Kentaro Tomivasu, Ryo Takagi, Shin Yoshizawa, Shin-ichiro Umemura

In-situ Monitoring of Crevice Corrosion by Chemical Imaging Sensor

Sakura Sakakita, Ko-ichiro Miyamoto, and Tatsuo Yoshinobu

Photoacoustic applications for dentistry -pulp vitality test and hidden caries detection-

Azusa Yamada, Satoko Kakino, Yuji Matsuura

Vessel Filtering and Reconstruction of 3D Photoacoustic images

Israr Ul Hag, Ryo Nagaoka, Takahiro Makino, Takuya Tabata, Mototaka Arakawa, Yoshifumi
Saijo

Visualization of Shear Wave Propagation by Dual Acoustic Radiation Pressure

Yuta Mochizuki, Hirofumi Taki, and Hiroshi Kanai

Formation of Stable Artificial Bilayer Lipid Membranes in Nano-Tapered Microapertures
Araki Shun, Ayumi Hirano-Iwata, Daisuke Tadaki, Kenichi Ishibashi, Hideaki Yamamoto

and Michio Niwano

Study on Basic Characteristics of Nano-Bubbles Generated by Porous Alumina Thin Film
Natsuki Yamada, H. Saito, Teng Ma, Hideaki Yamamoto, Kenichi Ishibashi, Ayumi
Hirano-Iwata, and Michio Niwano

Recording Multi-and Single-Channel Currents of Human Ion-Channels in Solvent-Free Bilayer
Lipid Membranes in Tapred Microapertures

Miyu Yoshida, Shun Araki, Ayumi Hirano-Iwata, Hideaki Yamamoto and Michio

Niwano

STM Tip-induced Deformation of a Single Ag Nanoparticle Investigated by STM Light Emission
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Spectroscopy
Masaki Hotsuki, Satoshi Katano, and Yoichi Uehara
[P-16] Nano-scale Structural and Electronic Properties of Graphene Oxide Investigated by Scanning
Tunneling Microscopy
Tao Wei, Satoshi Katano, and Yoichi Uehara
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