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Highlights of Research in FY2016
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7/ KEE R EIiTRYE
Nano Integration

® F/EETNAR-TORR (EBHKH - BERX)

Nano-Integration Devices and Processing (S. Sato and M. Sakuraba)
(1) EFEFIMEEZFIALEHET VT XAORBEEZENE LT HLVWETEEREY AT
DO FECRE Lz, T—ANEZEETH IV =T UV OEBEFEEZRL, EEGEE
RENKBIZERTL2Z L2 LT,
(2) EMRIEMEVECR 77 X~ CVD DERMFEZED, EiRE C KU'B F—E 7 Si EED
TEEF R VREICHKII LTz, F77. & SosGeos IBERT VX X 3 ¥ LEEIT n B O ES
AL, BWE v U TBEE (660cm’V's") Z2HTAZ & 2MHR LT,
(3) MR RIFHMAIE L AT A OHEEZ BEY & LT OEEIMRIC L 0 BATEE) 2 3 2 k[
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LThRFT R0, WHEMET 2HHAEKCHET 2L T, 7—7 A FREHATH
PEEAE A A 12 00 LITHIET 2 Z L ITIh LT,
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5z LTI Lz,
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2 — /LN OFEGE DI U CRIEAF K ERE BN 2 2 L 2 EERMICHAL T LT,
(1) Toward the development of computation algorithms utilizing quantum parallelism, we have
proposed a quantum associative memory system. We discussed a Hamiltonian to simulate key

input for the associative memory and confirmed that the memory capacity of the system
increases greatly in comparison with a conventional associative memory.

(2) Epitaxial growth of heavily C or B doped Si on Si(100) has been demonstrated by
low-energy ECR plasma CVD without substrate heating. Moreover, it has been found that an
epitaxial SiosGeo.s alloy film grown without substrate heating shows n-type properties with as
high carrier mobility as 660 cm2 V1 g1,

(3) A local motion detection LSI inspired by motion stereo vision in human vision system has been
developed. A virtual connection scheme, in which connection information is calculated by a dedicated
circuit, makes it possible to reduce chip area by 12 times compared with another scheme utilizing a look-up
table implementing into an on-chip memory.



(4) The availability of a novel spin-orbit troupe device, which works as a non-volatile analog memory for
synaptic weights, has been demonstrated in an associative memory operation in a Hopfield network. An
effect of learning, Hebb and anti-Hebb learning to compensate associative error due to device mismatch, is
successfully confirmed for several 3x3 binary patterns.

(5) The correlation between the structure of neuronal circuitry and its temporal-spatial dynamics has been
investigated by using numerical simulation focusing on the relation between the modular structure of
neuronal circuitry and the frequency of synchronized network bursts. Is has been quantitatively clarified
that network bursts frequency increases with increasing of the degree of connection.

® VI LaVELA—TAUITEBEVARATL (BREEE)

Soft Computing Integrated System (Y. Horio)
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DE—HL LT, FIEACV AT LOEREREL. ZNEEETLZHD 3 2D=a—F L3
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RBRELE) - A X ElIxt La N R M AD B#EIR ZFREE L. Z VAR EREREIRL LT,

(1) We proposed a brain-body whole organism computing paradigm. As the first step to realize a hardware
system based on this paradigm, we investigated three neural network models required for a “core-self”
system.

(2) For a dynamics/algorithm sub-conscious/conscious hybrid computer system, we developed a large-scale
chaotic neural network integrated circuit. In addition, we built a prototype hybrid computational hardware
system using this chaotic neuro-IC as a core element. We also demonstrated the ability and efficiency of the
proposed hardware.

(3) We proposed a design method for the reflection-less transmission-line model of Cochlea by applying
optimization techniques whose objective function and constraints are explicitly derived as mathematical
formulae.

(4) We proposed a switched-current golden ratio analog-to-digital converter circuit, which is robust against
fluctuation in device characteristics, environmental parameters and so on, based on complex mathematical
modeling technique, and fabricated it as an integrated circuit.

AEY O RERB TR E

Spintronics and Information Technology

® XEVhOZHUR (KHEE - RREH)
Spintronics (H. Ohno and S. Fukami)
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FA~DOINHE B E LT ZITV, BT OREZET-, (1) AESRILE T XV 58k
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SEHWNTAMBFHRFICH D EER LT, (2) BRI X 2HXMEEDZELH) B, CoFeB ML
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Our research activities focus on realizing low-power functional spintronic devices. The outcomes in the
last fiscal year are as follows: (1) investigation of the electronic structure of (Ga,Mn)As by angle-resolved
photoemission spectroscopy, which shows (Ga,Mn)As is in the vicinity of metal-insulator transition and its
Fermi level lies in the valence band with spin-orbit interaction, (2) evaluation of electric-field modulation
ratio of exchange stiffness constant of CoFeB from magnetic domain structures, (3) evaluation of device
size dependence of damping constant in CoFeB free layer from ferromagnetic resonance (FMR) in
nanoscale magnetic tunnel junction with perpendicular (in-plane) magnetization in free (reference) layer,
(4) investigation of the mechanism of FMR linewidth enhancement of NiFe on topological insulator
(BiSb),Tes, (5) clarification of the effect of motional narrowing on the magnetization dynamics in thin
films with interfacial anisotropy, (6) clarification of underlying mechanism for analog-like behavior in
PtMn/[Co/Ni]-based spin-orbit torque switching device from investigation of the device size dependence of
magnetization reversal mode.

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) achievement of the
world-smallest magnetization switching energy of 6.3 fJ for a highly resistive magnetic tunnel junction by



electric-field-induced switching, (2) demonstration of associative memory operation by artificial neural
network with analog spintronics devices, (3) understanding of effect of electric-field-induced anisotropy
modulation on current-induced magnetization switching from current-pulse width dependence of switching
probability in nanoscale magnetic tunnel junction under in-plane magnetic field.

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 CSTI:
(1) realization of sub-ns, field-free, low-current spin-orbit torque induced magnetization switching by
improving configuration and material of a newly-developed device, (2) investigation of magnetization
switching modes in elliptic magnetic tunnel junctions from the probability of switching induced by
magnetic field or current pulses, (3) clarification of critical role of W deposition condition on spin-orbit
torque induced magnetization switching of nanoscale W/CoFeB/MgO.

@ EJO— KRNV REBRE (BdHFR— FRATH - R—NUAURY FXTFT7Y)
Ultra-Broadband Signal Processing (T.Otsuji, T.Suemitsu, and S. Boubanga Tombet)
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o = Y
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The goal of our research is to explore the terahertz frequency range by creating novel integrated
electron devices and circuit systems. III-V- and graphene-based active plasmonic heterostructures for
creating new types of terahertz lasers and ultrafast transistors are major concerns. By making full use of
these world-leading device/circuit technologies, we are developing future ultra-broadband wireless
communication systems as well as spectroscopic/imaging systems for safety and security. The followings
are the major achievements in 2016FSY.

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 at 100K by using our original
distributed feedback dual-gate device structure. (presented at CLEO 2017, and 74th DRC.)

2. Development of ultrafast & high-power transistor devices and process technology

We developed 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 InP- and GaN-based HEMTs by introducing a unique slant field plate structure integrated with the gate
electrode. (published in Appl. Phys. Exp. 9, 114101 (2016).)
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Nano-Molecular Devices

® T/ HFTNAR (EFHEX)

Nano-Molecular Devices (M. Niwano)
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LY aEEERERANVTER L~ 7 ek 2 lAEbE b2 Lick ., <A 7 otk
DHFEIKENT 2 DN AL T OIEERMSRH & 2BEZ FREICT 28 LWHIEZRE Lz, EERICRE
WNE KB 5 DN ASFZ IR AZ 2T L ORRIZEL) BRET 5 2 LIRS L,

Q) Bk &> (Ti02) F/ Fa2—TREET HEREERKGEMOBRR: B{LTF 4% (TiO2)
F ) Fa—TEREERERE L THW-aREBRREMZER L, BRDNELEDHTHIZT/
F o — T ERIZHE L7 ME(LT # > (TiCl4) B OZhEEZH I Lz,

(3) XuTAHA MIKEEMIIEATE 2 KBRS0 7 A4 MEROBRIEDRZ: Rl
HERTRERAWESR a7 24 MiEHE, KEEEMZ DR~ 2B TT A ZATER Shs)
TWb, ZHBHDTNAA ZRZBWT, a7 204 HEEE OB R R MEI X ER B RSB s
BICREREELE5 2 5712012, RGNV IRNWRKE REROBRBPR KD BTV 5D, Tz i,
PERIEIZHAFER DY A X0 20 &b _a T A4 b RiERDBRRZ ATREICT 58 LWFiE
EERL, ZOXRERIZEVEROBMGMBBIENKIIBIZR ET5Z L ZHALMNI LT,

(1) Label-free detection of DNA molecules moving in micro-fluidic channels by infrared absorption
spectroscopy: Infrared absorption spectroscopy (JRAS) in a multiple internal reflection (MIR) geometry is
integrated with silicon-based micro-fluidic channels to allow detection and separation of DNA molecules in
the micro-channels. The applicability of this approach was demonstrated with a representative test case:
transport of single-stranded DNA molecules (oligonucleotides) in the micro-fluidic channels.

(2) Fabrication and characterization of front-illuminated dye-sensitized solar cells with anodic titanium
oxide nanotubes: We have fabricated front-side illuminated dye-sensitized solar cells (DSSCs) with a thin
film of vertically oriented TiO, nanotubes used as the negative electrode. Titanium tetrachloride (TiCl4)
treatment was applied on the TiO, nanotube film to improve the performance of the DSSCs. We examined
the effects of TiCl, treatment on the performance on the basis of the derived cell parameters.

(3) Fabrication and characterization of high-quality perovskite films with large crystal grains: Organometal
perovskite materials have been widely used in various kinds of devices. In those devices, grain boundaries
and structural disorder in the perovskite layer interfere the charge transport and increase recombination
probability. We proposed a novel fabrication method to dramatically increase the crystal size by more than
20 times as compared with previously reported values. Because of reduced grain boundaries and increased
crystal order in perovskite layers, the lateral charge transport was significantly improved.

® /- NAFTRMERFTNAR (FHES)
Nano-Bio Hybrid Molecular Devices (A. Hirano-Iwata)
AN THAT & A ARBOF AL E ORI D . BmRIEHRAIEZ FTREIC T D8k % 72551
TNA 2O EEHE L TS, AEEIL, ATHRBEICESSFEMR 7 ) —= 0 T ROWE S
Hfs L. SR L 2o Qe T v JVZ R B OERGIBIZOWNTHRET L, £ OIEREFEZIE
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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. We proposed an efficient method for constructing artificial cell
membrane sensors for drug screening systems. The key channel-integration step was accelerated and the
probability of sensor construction was improved from ~6% to 67%. We also reconstructed circuits of
cultured neurons by using micropatterned glass substrates and succeeded in guiding the direction of
neuronal signal transmission to the intended orientation. Another achievement is fabrication of a hydrogen
gas sensor using piezoelectric poly(vinylidene fluoride) film sandwiched between thin films of palladium.
Simple simulation model was also proposed to explain the basic characteristics of the sensor responses.
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BRNES  EEOFEBLISA]. HEEERFORE UHIEBEIN O ISR, ToF) /1#
BICLAEROEOERLISHI O3 ERZIECEZ. T/ =7 hu=7 XERT A 2L,
INERAWEERV AT LAOBEEHET S L L BT, D EERT L7200 EEILR
TEHIZEBEL, T/ oLy bo=s 25B0HRICB T2 X —F T =/ L U RDHE
SNAEBERRLTWD,

International conferences
have been organized with COE of International

Research collaboration
with visiting professors

research groups in LNS. Research Collaboration |

ime_c State University
(Belgium of New York(USA)
\L/lir;;;/e(rssrl)tgi:)f ] # 24 Massachusetts
<<t Sendai ‘( Inst. Tech. (USA)
CNRS - X R
(France) , InternationaI-collaborative Harvard
Research System o . University (USA)
University of AT ‘* _
Stuttgart(Germany}/} ' ; : Princeton
IHP & Berlin | / , ’ University
Institute of ' - (USA)
Technology Polish Academy of | | Chinese Academy || National Sun University of | Argonne  National
(Germany) Sciences (Poland) | | of Sciences (China) || Yat-sen(Taiwan)| | C@lifornia (USA)|| | aboratory (USA)

Academic Exchange Programs

IHP-Innovations for High Performance microelectronics, Germany

Berlin Institute of Technology, Germany

Interdisciplinary Center on Nanoscience of Marseille (CINaM)-CNRS

Institute of Semiconductors, Chinese Academy of Sciences, China

WINLAB.Rutgers University, USA

Institute of Physics, Polish Academy of Sciences, Poland

University of California, Santa Barbara (UCSB), USA

Harvard University, USA

University of Vigo, Spain

State University of New York, College of Nanoscale Science and Engineering (CNSA), USA
National Sun Yat-sen University, Taiwan

Research and Educational Center “Photonics and Infrared Technology
And Laser Technology University (BMSTU) Russia

Research Laboratory of Electronics (RIE) and Microsystems Technology Laboratories (MTL) Massachusetts
Institute of Technology (MIT) USA

i

and Institute of Radio Electronics



F/ - AEVERERCHRELE-EEREY VRO H L

RIEC Symposium on Spintronics
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1.

2.

3.

4.

FT/RKBTNAR - TOER (EBEEE - BEBRX)

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

A ERT /M ADSEERERIN BT 2%

High-density implementation of devices for brain computing

Pk Si-LST OB LIRA 2 RAE 2 . MAFHEH O FER I <. WMREFHERT A
A ZADBAFE L Z OmBERERN, ROWAGFEKEO T 1 b & A T2 oW THFEETT-
TW5d,

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.

B EREFHEET /N XIZET HHRE

Intelligent quantum device for brain computing

PEHR & Bt R 2 EE LEEBOMEEE KR T 5720, AU OBREREFIA L
o, Bf=a—nrRFL LTECHRET M XA EZOFET LT Y ZAZOWTHA
ZiT> T 5,

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.

BEEIVEFERIEZX O vILARDO-OOBEBEERIENRTSX< CVD Jot
AICET SR

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

T A= F—FRIOEmMERF~T nEE L EB T 57200, JRFA— & TEHED
DRI A~T nRE AT OEEE IV RPEEEERONT o= X % 2 v LRI
WTHFIRE L TV,

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.

VBB EEEF~T OB EOSERIL T O£ R CET HHR

Large-scale integration process of group IV semiconductor quantum heterostructures
IV IRFEREFRNRT A A0 Si A~ DOERE EB T 572010, IV REEERR
EEEF~T eBEOEERBLT rE X L ETF~T )/ T3 ZBUYE - EiERE(LIC S
WTHIZEL TV 5,

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

integration process of group-IV highly strained quantum heterostructures and farication of
high-performance quantum hetero nanodevices are being studied.
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YI2rAVEL—TAVITEBVATL EEEE)
Soft Computing Integrated System (Y. Horio)

¥ - BAREERIVEL—T 1 VY ICET MR

Brain-body whole organism computing

FLOBIL S Y Ea— 535 5 ATl B - SRR T Y e (v ) & EBT
BIHDOE—HL LT, PEECYV AT AOMBKREREL, CNE2EETLZHD3 o
D=a2—F)VFy T —7 FT IO THRET LTz,

We proposed a brain-body whole organism computing paradigm. As the first step to realize a
hardware system based on this paradigm, we investigated three neural network models for a
“core-self” system.

FAFTIORTILIT) XL EEFEEHNAT) Y FHEVRATLICEYT 5HR
Dynamics/algorithm sub-conscious/conscious hybrid computer system

BIRTTEMET e 7 XA 27 A EBWHIN MO EEHRREIC, T I Y XAAILLD
TV ARR ZBRE - RN ERRERICIS S, LI EZMAEFH S
NAT Yy RHBEVAT AEFERT L7720, @BRITTH A A= 2 — n EHEEIK 2 FELE
INEZLELTNA—FU =T VAT AEBET LI LICI D BREFEOFEMEZRL
7o

For a dynamics/algorithm sub-conscious/conscious hybrid computer system, we developed a
large-scale chaotic neural network integrated circuit. In addition, we built a prototype hybrid
computational hardware system using this chaotic neuro-IC as a core element. We also
demonstrated the ability and efficiency of the proposed hardware.

MR R EREETILOREHZET AR

Circuit design for a reflection-less transmission-line model of Cochlea

W4 DIRERIEET VL ORFIRIEL . LR IFELZBICE2 28 AEHL T, i
b % BRIBECCRIRI SR & T D RBELRIE~ CIRE S ¥ 5 2 IT kY| MiFERE ORE
FEE5 T,

We proposed a design method for the reflection-less transmission-line model of Cochlea by
applying optimization techniques whose objective function and constraints are explicitly derived
as mathematical formulae.

BELH T a—SERERICAYT 48R

BHREHEET NVEZICA T 8ICX Y, Bz BMER L T 25T, 731
ZEPERCBRBE SN - ) A ATp Pl L m s b AD BHREIR A 3%EF L. Z4vE 180 nm
CMOS 7' u & A |2 THEMEIRKL L7,

We proposed a switched-current golden ratio analog-to-digital converter circuit based on

complex mathematical modeling technique, and fabricated it as an integrated circuit with 180 nm
CMOS process.
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Spintronics and Information Technology
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B1 REVFOZHVR (KBES - ZREH)

Spintronics
(H. Ohno and S. Fukami)

BEAEFOE LA DREZHIEH L TFEIGH T 572018, HT LW EIOBR%, &1
%L®¢§EEE®@%\&U%h%@xt/%Dw&xf%m%%%%ﬂ®m%’%?5
WRZAT>TND, SHIT, NMERMEIZLY ., EEEISIEREEE AR A
ho=7 ZRF. ROAE Y b o =7 ZERBER BT O FEFRFEZIT> T 2,

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. REYFOZORICEAT HHE
Spintronics

EEFORE S EEMOBHEZE > TCET RNV EROEKERAL Y frn=J 2RF
DERHFZHE LT, FHEE, BEEREE @BEMERICBI 2 AT VER, kUL
ZRIA LIZHRA M, FTAY S ba=7 2R T ORAIEICET 2% 21(T-
TWVWD, £72, @EEEEEENDAETY TNANA R EEZNIZ K- TAREL 72 58 LG
HAEREIRKL L MER@EELE S AT L%, ACUBEEZAWTERTLIZ L2 HIEL
LT, AV AE) nyy 7 BB T AT 2 A% T 5,

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) AV hr=7 AT L5

Spintronics

DFRTEELZFRANy B Y o TEERNCAE S b r =7 AR IE DR,
A HEREMITE DO RTAT & BRAE,

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 & T ORESR TS HIC BT D A5

Magnetic metal functional devices and their application

20 nm A FDAE Y b u =2 ARFERE LORFMIEAR OB, (ER L 75
AV br=7 AR TFORMIHME, Z L TAY Y bu=s AZT72F A LIEY D
EREREFIELZED TV D,

Development of spintronic devices with the size of less than 20 nm and their processing
technology, characterization of the fabricated spintronic devices, and fabrication of various
prototype integrated circuits employing spintronic devices are being carried out.

3) RMEHER K OV D E-FEEDWIME &SI BT 5158
Properties and application of magnetic semiconductors and their quantum structures
SREGVER & B A DA DR T2 L8R T S A 2 DRI 21T > T\ 5,
Exploration of novel spintronic semiconductor devices based on ferromagnet/semiconductor
structures is being carried out.
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4) BmHS b RVBESIEIISREF ORI
Magnetic tunnel junctions with high output voltage
HANTEEFEREGE b RV BSEH(TMR)ZE T O H b 21T > T 2,
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) @®BRRAE L bu=J 27 4 ZOR%
Metal-based spintronics devices
W ERR ALY bu=27 AT A ZADMERE ZORIERHE, Av AT n Y
v 7 BAREREFEZT> TV 2,
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) A E U ABULRIER T OB
Spin transfer torque memory and logic devices
KE S AHBTANT T2 A EAEARBICRERIZ T 208 21T > TV 2,
Characterizing spin transfer torque switching toward reduction of writing power is being
carried out.

2. MEBEICEN-RIRE/EDEZODRAEY bOZY AMET /N4 REBEMICET
S
Research and Development of Spintronics Material and Device Science and Technology
for a Disaster-Resistant Safe and Secure Society

REE RS EB OO ICT BMEEIT OMF7ER% ) OZEFEFZETh 5 Ttk
EMICENZRUZEME DD DAY Y hu =7 2T A AR FRRER ) 7o
T MIRBWT, Frvxy FBEEELEE L CEREAY Y hon=/ 20U —%
YT AERVRATMET ANA ZADOHEERBEEAY Y ha=7 AU =% 7 A% ) @it
MEFT S A ZDBIFENT O,

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.

) BEAY Y b= 2% 7 AV ICETDHH%E
Developments of high-speed spintronics working memory
B b ANEEEEABE L T OB MG T ALY hr=s ZAE T, RUOEHE=
WA hr=7 ARFEER U, BRI T,
High-speed two-terminal and three-terimanl devices based on magnetic tunnel junction
were fabricated and studied.

) RERBY—%2 7 AT VICHT 5%
Developments of high-density spintronics working memory
40 nmoLL T DML b R BSREEE 2 /ER L, R~ T,

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

3. REV AV RERERICEY 5%
Research and Development of distributed IT system using Spintronics based integrated
circuits

NN MERE CRIMERA T 28 Bo= o IT MiDOER] OEFEMIETHD [
By hr=g ZEFER] ey MIBWT, SEFRELEHEL TS V—n—
NAT 4 7 THET 5 A8 b o=7 ZEMERKETHE - BF ORI Thhi,
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
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Paradigm Change through Disruptive Technologies Program of CAO.

1) =F V= n—RRT 4 T THREIT HA Y b a =7 REFERIBE TR - B
B3 28158
Developments of spintronics materials and devices for spintronics based integrated circuits
that can be driven by energy-harvesting
TT TV =N=RRAT 4 TERET 5 A b= REREEEEE T OBK S
ANVEGEERBEL T IHFAY Y br= AKF, KO=WmTFAEY hr=
7 AFFeFR L, BRI~
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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S. Fukami, “Three-terminal spintronic devices for integrated circuits,” (invited), 7% [EEE
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Italy, June 5-9, 2016
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spin-orbit torque induced switching devices,” Honolulu, U. S. A., June 14-17,2016
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(invited), 8™ MRAM Global Innovation Forum, Seoul, Korea, October 26, 2016

S. Fukami, A. Kurenkov, W. A. Borders, T. Kanemura, C. Zhang, S. Duttagupta, and H. Ohno,
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junction with [Co/Pt]-multilayers based synthetic ferromagnetic reference layer,” (oral), 61
Annual Conference on Magnetism and Magnetic Materials (MMM), New Orleans, U. S. A.,
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N. Ohshima, J. Llandro, H. Sato, S. Kanai, S. Fukami, F. Matsukura, and H. Ohno, “Electrical
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Annual Conference on Magnetism and Magnetic Materials (MMM), New Orleans, U. S. A,
October 31-November 4, 2016

E. Jackson, S. Duttagupta, S. Fukami, H. Ohno and A. Hirohata, “Imaging defects in magnetic
multilayers using scanning electron microscopy,” (oral), 61% Annual Conference on Magnetism
and Magnetic Materials (MMM), New Orleans, U. S. A., October 31-November 4, 2016

S. Gupta, S. Kanai, F. Matsukura, and H. Ohno, “Temperature dependence of ferromagnetic
resonance spectra of Py deposited on (Bil-xSbx)2Te3,” (oral), 61* Annual Conference on
Magnetism and Magnetic Materials (MMM), New Orleans, U. S. A., October 31-November 4,
2016

S. Fukami, “Spin-orbit torque switching for integrated circuit —from sub-ns memory to artificial
intelligence,” (invited), 14" RIEC International Workshop on Spintronics, Sendai, Japan, Nov.
17-19, 2016

S. Kanai, “Thermal agitation and speed of switching in electric-field induced magnetization
reversal of CoFeB/MgO magnetic tunnel junctions,” (invited), 14™ RIEC International Workshop
on Spintronics, Sendai, Japan, Nov. 17-19, 2016

A. Okada, Y. Hashimoto, S. Kanai, F. Matsukura, and H. Ohno, “Electric-field modulation of
damping constant in Ta/CoFeB/MgO as a function of magnetic anisotropy,” (poster), 14™ RIEC
International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

T. Dohi, S. Kanai, F. Matsukura, and H. Ohno, “Electric-field modulation of spin-wave
resonance spectra in a nanoscale magnetic tunnel junction,” (poster), 14™ RIEC International
Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016
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S. Miyakozawa, L. Chen, F. Matsukura, and H. Ohno, “Temperature and magnetic field direction
dependence of transport properties of (Ga,Mn)As codoped with Li, (poster), 14™ RIEC
International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

S. DuttaGupta, S. Fukami, B. Kuerbanjiang, H. Sato, F. Matsukura, V. K. Lazarov, and H. Ohno,
“Universality classes for domain wall creep motion in magnetic metal Ta/CoFeB/MgO,” (poster),
14™ RIEC International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

N. Ichikawa, T. Dohi, S. Kanai, A. Okada, F. Matsukura, and H. Ohno, “CoFeB thickness
dependence of exchange stiffness constants in Ta/CoFeB/MgO,” (poster), 14™ RIEC
International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

M. Bersweiler, K. Watanabe, E. C. I. Enobio, H. Sato, S. Fukami, F. Matsukura, and H. Ohno,”
Interfacial anisotropy and Gilbert damping in MgO/Fe/Fe-V/Fe/MgO structure,” (poster), 14"
RIEC International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

S. Ishikawa, E. C. I. Enobio, H. Sato, S. Fukami, F. Matsukura, and H. Ohno, “Current induced
magnetization switching of magnetic tunnel junctions with Co-based recording layers,” (poster),
14" RIEC International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

K. Watanabe, S. Fukami, H. Sato, F. Matsukura, and H. Ohno,” Effect of buffer layer material
and its crystal structure on magnetic properties of CoFeB/MgO stacks,” (poster), 14™ RIEC
International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

N. Ohshima, H. Sato, S. Kanai, J. Llandro, S. Fukami, F. Matsukura, and H. Ohno,
“Electric-field effect on current-induced magnetization switching in a CoFeB/MgO magnetic

tunnel junction,” (poster), 14" RIEC International Workshop on Spintronics, Sendai, Japan, Nov.
17-19, 2016

J. Y. Kim, A. Okada, S. Miyakozawa, S. Kanai, F. Matsukura, 1. Farrer, H. E. Beere, D. A.
Ritchie, H. Ohno, and A. Hirohata, “Development of spin-polarised transistor,” (poster), 14"
RIEC International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

A. Kurenkov, C. Zhang, S. DuttaGupta, S. Fukami, and H. Ohno, “Spin-orbit torque induced
switching of antiferromagnet/ferromagnet dots with various sizes,” (poster), 14" RIEC
International Workshop on Spintronics, Sendai, Japan, Nov. 17-19, 2016

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-effect
of sputtering condition of W,” (poster), 14™ RIEC International Workshop on Spintronics, Sendai,
Japan, Nov. 17-19, 2016

M. Shinozaki, E. Hirayama, S. Kanai, H. Sato, F. Matsukura, and H. Ohno, “Homodyne-detected
ferromagnetic resonance spectra of CoFeB with perpendicular easy axis under perpendicular
magnetic fields,” (poster), 14" RIEC International Workshop on Spintronics, Sendai, Japan, Nov.
17-19,2016

A. Okada, S. He, B. Gu, S. Kanai, A. Soumyanarayanan, S. T. Lim, M. Tran, M. Mori, S.
Maekawa, F. Matsukura, H. Ohno, and C. Panagopoulos, “Temperature and thickness
dependencies of ferromagnetic resonance spectra of MgO/CoFeB/Mg0O,” (oral), Tohoku/York/
Kaiserslautern 4™ JSPS Core-to-core Workshop on “New-Concept Spintronics Devices,” Sendai,
Japan, November 19-20, 2016

Y. Nakatani, M. Hayashi, S. Kanai, S. Fukami, and H. Ohno, “Electric field control of
Skyrmions in magnetic nanodisks,” (oral), Tohoku/York/ Kaiserslautern 4™ JSPS Core-to-core
Workshop on “New-Concept Spintronics Devices,” Sendai, Japan, November 19-20, 2016

S. Gupta, S. Kanai, F. Matsukura, and H. Ohno, “Temperature dependent spin pumping in
Py/(Bil-xSbx)2,” (oral), MRS Fall Meeting, Boston, U. S. A., November 27-December 2, 2016

J. Igarashi, E. C. T Enobio, J. Llandro, H. Sato, S. Fukami, F. Matsukura, and H. Ohno,
“Magnetic field angle dependence of switching field in perpendicular-anisotropy CoFeB-MgO
magnetic tunnel junctions at various temperatures,” (poster), International School on Spintronics
and Spin-Orbitronics, Fukuoka, Japan, December 16-17, 2016
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M. Shinozaki, E. Hirayama, S. Kanai, H. Sato, F. Matsukura, and H. Ohno, “Junction size
dependence of damping constants of CoFeB in magnetic tunnel junctions,” (poster),
International School on Spintronics and Spin-Orbitronics, Fukuoka, Japan, December 16-17,
2016

T. Dohi, S. Kanai, F. Matsukura, and H. Ohno, “Electric-field effect on spin-wave resonance in a
nanoscale magnetic tunnel junction,” (poster), International School on Spintronics and
Spin-Orbitronics, Fukuoka, Japan, December 16-17, 2016

N. Ichikawa, T. Dohi, S. Kanai, A. Okada, F. Matsukura, and H. Ohno, “CoFeB thickness
dependence of domain structures in Ta/CoFeB/Mg0O,” (poster), International School on
Spintronics and Spin-Orbitronics, Fukuoka, Japan, December 16-17, 2016

H. Ohno, “Spin on Integrated Circuits: An Emerging Feld of Spintronics,” (invited), Conference
on 90 Years of Quantum Mechanics, Singapore, January 23-26, 2017

H. Ohno, “Nano Spintronics Devices for Integrated Circuit Applications,” (Plenary),
International Conference on Magnetic Materials and Applications (IOCMAGMA-2917),
Hyderabad, India, February 1-3, 2017

S. Gupta, S. Kanai, F. Matsukura, and H. Ohno, “Temperature dependence of ferromagnetic
resonance spectra of Py deposited on (Bil-xSbx)2Te3,” (poster), International Conference on
Magnetic Materials and Applications (IOCMAGMA-2917), Hyderabad, India, February 1-3,
2017

H. Ohno, “Nano Spintronics Devices —From Digital to Bio-inspired Computing-,” (Plenary),
International Symposium for Bio-Convergence Spin System, Daegu, Korea, February 9-11, 2017
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Ultra-Broadband Signal Processing
(T. Otsuji, T. Suemitsu and S. Boubanga-Tombet)

HREI YR - TINVYRTEREFT /M AOHR
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.
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V. Ryzhii, M. Ryzhii, D. Svintsov, V. Leiman, V. Mitin, M.S. Shur, and T. Otsuji, "Nonlinear
response of infrared photodetectors based on van der Waals heterostructures with graphene
layers," Opt. Exp., vol. 25, no. 5, pp. 5536-5549, 2017. DOI: 10.1364/0OE.25.005536

F. Hemmi, C. Thomas, Y.-C. Lai, A. Higo, A. Guo, S. Warnock, J.A. del Alamo, S. Samukawa,
T. Otsuji, and T. Suemitsu, "Neutral beam etching for device isolation in AlGaN/GaN HEMTs,"
Phys. Stat. Solidi A, vol. 214, no. 3, pp. 1600617-1-5, 2017. DOI: 10.1002/pssa.201600617
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Nano-Molecular Devices (M. Niwano)

BEAFTNARADORE - RED T/ R7—)LEEHT - HlfH
Nanometer-scale analysis and control of surfaces and interfaces of organic molecular
devices
BT A ZADEE - RETOHRKEE T/ A7 — /L CRT L, Z OBIEREZ RIS 5
ZEIZRY, ENLEHEEIL, BT N ZAOREE R LS D7D O EETo T
2o
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.
FERRERAV AR AR
Biodynamic analysis on a semiconductor surface
S1X° GaAs FERKE LIZBWT, Mla7z AUIE< B, DNA 72 & 04 FWE % #R4NE
WE 2 VTR E ISR U, RO 21T > TV 2,
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
BRENA ALV - DR T LOWERE
Research and development of a high-sensitive bio-sensing system
TR IEEZ AV TR TR E AW TICAE R E & SRREICBRRAIT 5720 A
TV VAT LAOBRFEEITTo TN D,
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.
EABERIL B ERA =T/ T/ AOREAR
Research and development of fabricating nanodevices using anodization processes
Fy7FHE YT ae XL GERBR{IGEEZ B G DY D LICK DT T A ZAOMER
BT DR EAT > T D,
We have investigated fabrication of nanodevices by using both top-down processes and
anodization processes.
B - ERANAT Yy RS/ BEROBR EKEEMA~DEA
Fabrication of organic-inorganic hybrid structures and their application to solar cells
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AR Z KGRI ST 558 21T > T\ 2,
We have fabricated organic-inorganic hybrid nanostructures and applied those nanostructures to
hybrid solar cells.
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We are aiming to reconstitute artificial cell membrane structures as a platform for
high-throughput screening of new drug candidates.
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We are investigating construction of a brain model system by utilizing living neuronal cells as
fundamental elements.
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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.
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14th RIEC International Workshop on Spintronics

® Sponsors
Laboratory for Nanoelectronics and Spintronics

Research Institute of Electrical Communication (RIEC), Tohoku University
® Organizing Committee

H. Ohno (Tohoku University)

F. Matsukura (Tohoku University)
K. Ito (Tohoku University)

M. Kohda (Tohoku University)

S. Fukami (Tohoku University)

® Secretariat

N. Sato (Tohoku University)

The workshop is organized in close collaboration with the following meetings;

JSPS-EPSRC Tohoku-Cambridge-CNRS Core to Core program Symposium
"Two dimensional electronics/spintronics devices", November 16 - 17, 2016

4th JSPS Core-to-Core Workshop on “New-Concept Spintronic Devices”,
November 19 - 20, 2016

For more information:
http:.//www.material.tohoku.ac.jp/~kotaib/CCPGRIEC/CCPGRIECHP/index.html
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Tentative Timetable for
JSPS-EPSRC Tohoku-Cambridge-CNRS Core to Core Program Symposium "Two dimensional electronics/spintoronics devices"
14th RIEC International Workshop on Spintronics
4th JSPS Core-to -Core Workshop on “New-Concept Spintronic Devices”

November 16 (Wednesday) - 20 (Sunday), 2016
Conference Room, Laboratory for Nanoelectronics and Spintronics, RIEC, Tohoku University

Nov. 16 (Wed)

Nov.

17 (Thu)

Nov. 18 (Fri)

Nov. 19 (Sat)

Nov. 20 (Sun}

10-20-10:50

Th-3

J. Robertson

Sanchez

=

J. Shiogai 900830 | Fr-1 P. Kelly 00830 | Sa-1 P. Gambardella 00830 | Su-1 E. Saitoh
k]
3 5
:30-10:00 | Th-2 M. Shiraishi V. Amin 9:30-10:00 | Sa-2 'E3 S. Souma e3040:00 | Su-2 ~IZ M. Mizuguchi
, " <
10:00-10:20 001020 | Fra J. C. Rojas- A. Fujimori 0:00-10:30 | Su-3 S. Mitani

10:50-11:20 | Th-4 M. Martin Fr-4 M. Kohda 10:50-11:20 | Sa-4 D. Chiba so-11:20 | Su-4 B. Hillebrands
H g g
B. Dlubak 1201150 [ Fr-5 | & K. Olejnik 204150 | Sa-5 | £ | D. Ravelosona 201150 | Su-5 [ & | S. Mizukami
= 2 >
g -
B.-G. Park o|  S-Kenai su6 T. Satoh

T. Dietl

Closing (H. Ohna)

S. lkeda

13:15-14:00 Registration :15-14:00 Registration

14:00-14:10 Opening (T. Endah) Opening (H. Ohno)

14:10-14:40 | We-1 K. Nagashio Th-6 A. Kent

14:40-15:10 | We-2 Y. Hatsugai F. Matsukura
| 15:10-15:40 [ We-3 K. Shiraishi 15:10-15:40 [ Th-8 R. Sousa

1m0 | Fr7 | f W, Zhang a 001430 | Su-7 | Y. Ando
s Opening (M. Shirai 5
4
a a
14:3045:00 | Fr-8 E S. Fukami L 14:30-15:00 | Sa-8 K. O'Grady 14:30-15:00 | Su-8 g A. Conca Parra
& . W
a = ¥ "
15:0015:20 | Fr-Q K.-J. Lee | 15004520 | Sa-9 | & | H. Muraoka sootsa0 | Su-9 A. Okada
s

We-5 M. Oogane

Photo

J. Shaw

J. Akerman

R. Sousa

J. Bokor

Sa-10

K. Takanashi

T A. Hirohata
(0]
2

101640 [ Su-11( 2 | Y. Nakatani
=

16:4017:10 | SU-12 J. Nitta

Closing (H. Ohno)

247




14th RIEC International Workshop on Spintronics

Oral Presentation Program

® November 17 (Thursday)

14:10-14:40
Th-6 A. Kent (New York University)
Pulsed Spin-Torque Switching in Perpendicularly Magnetized Magnetic Tunnel Junction Devices

14:40-15:10
Th-7 F. Matsukura (Tohoku University)
Magnetization Switching in Elliptic CoFeB/MgO Magnetic Tunnel Junctions

15:10-15:40
Th-8 R. Sousa (SPINTEC)
Second order anisofropy and easy cone regime in perpendicular magnetic tunnel junctions

16:10-16:40
Th-9 J. Shaw (NIST)
New insights info achieving ultra-low magnetic damping in metallic and half-metallic materials

16:40-17:10
Th-10 J. Akerman (University of Gothenburg)
Mutually Synchronized Spin Hall Nano-Oscillators

17:10-17:40
Th-11 J. Bokor (Lawrence Berkeley National Laboratory)
Ultrafast charge current induced magnetization reversal in only 10 psec

® November 18 (Friday)
9:00-9:30

Fr-1 P. Kelly (University of Twente)
Giant room temperature interface spin Hall and inverse SH effects
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9:30-10:00
Fr-2 V. Amin (NIST)
Spin Transport at Interfaces with Spin-Orbit Coupling

10:00-10:30

Fr-3 J. C. Rojas-Sanchez (CNRS-Université de Lorraine)

Tuning the Spin Orbit Torque-critical current density to reverse perpendicular magnetization in
CoxTh+x ferrimagnetic based alloys

10:50-11:20
Fr-4 M. Kohda (Tohoku University)
Spin relaxation mechanism in single and poly crystalline Pt thin films

11:20-11:50
Fr-5 K. Olejnik (Academy of Sciences of the Czech Republic)
Fast electrical switching of a multi-state antiferromagnetic memory

11:50-12:20
Fr-6 B.-G. Park (KAIST)
Spin-orbit torque-induced in antiferromagnet/ferromagnet structures

14:00-14:30

Fr-7 W. Zhang (Oakland University)
Some aspects of spin-orbit torques and using antiferromagnets for spin current

14:30-15:00

Fr-8 S. Fukami (Tohoku University)

Spin-orbit torque switching for integrated circuits — from sub-ns memory to artificial intelligence
15:00-15:30

Fr-9 K.-J. Lee (Korea University)
Ferrimagnetic Spintronics: Prospects and Perspectives

® November 19 (Saturday)

9:00-9:30
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Sa-1 P. Gambardella (ETH Zurich)
Spin-Orbit Torques and Magnetoresistance in Ferromagnet/Normal Metal Bilayers

9:30-10:00
Sa-2 S. Souma (Tohoku University)
Electronic band structure near the Fermi level of (Ga,Mn)As: High-resolution in-situ ARPES

10:00-10:30
Sa-3 A. Fujimori (University of Tokyo)
Electronic Structure of Dilute Ferromagnetic Semiconductors Revealed by ARPES

10:50-11:20
Sa-4 D. Chiba (University of Tokyo)
Electric field effect on magnetic propetrties in Co/Pt system

11:20-11:50

Sa-5 D. Ravelosona (CNRS, Univ. Paris-Sud)

Controlling domain wall dynamics by interface engineering in films with perpendicular magnetic
anisotropy

11:50-12:10

Sa-6 S. Kanai (Tohoku University)

Thermal Agitation and Speed of Switching in Electric-field Induced Magnetization Reversal of
CoFeB/MgO Magnetic Tunnel Junctions

12:10-12:40

Sa-7 T. Dietl (Polish Academy of Sciences)
Electric-field control of magnetic anisotropy in wz-(Ga,Mn)N by inverse piezoelectric effect
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14th RIEC International Workshop on Spintronics
4th JSPS Core-to -Core Workshop on “New -Concept Spintronic Devices”

Poster Presentation Program

P1 T. Chiba, S. Takahashi, and G. E. W. Bauer (Tohoku University)
Magnetic-proximity-induced magnetoresistance on the surface of three-dimensional topological
insulators

P2 T. Chiba and A. Sekine (Tohoku University)

Electric-field-driven magnetization dynamics of antiferromagnetic insulators with spin-orbit
coupling

P3 A. Okada, Y. Hashimoto, S. Kanai, F. Matsukura, and H. Ohno (Tohoku

University)
Electric-field modulation of damping constant in Ta/CoFeB/MgO as a function of magnetic
anisotropy

P4 V. Novak, S. Svoboda, V. Hills, and R. Campion (Academy of Sciences of the

Czech Repubilic)
Molecular beam epitaxy of I-Mn-V antiferromagnets

P5 T. Dohi, S. Kanai, F. Matsukura, and H. Ohno (Tohoku University)
Electric-field modulation of spin-wave resonance spectra in a nanoscale magnetic tunnel junction

Pé6 T. Dohi, S. Kanai, A. Okada, F. Matsukura, and H. Ohno (Tohoku University)
Evaluation of exchange stiffness constant and its electric-field effect from domain structure of
CoFeB/MgO

P7 D. lizasa, A. Aoki, M. Kohda, and J. Nitta (Tohoku University)
Evaluation of spin-orbit coefficients by spin diffusion in a (001)-oriented GaAs/AlGaAs quantum
well by time-resolved Kerr rotation microscopy

P8 S. Miyakozawa, L. Chen, F. Matsukura, and H. Ohno (Tohoku University)

Temperature and magnetic field direction dependence of transport properties of (Ga,Mn)As
codoped with Li
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P9 S. DuttaGupta, S. Fukami, B. Kuerbanjiang, H. Sato, F. Matsukura, V. K.
Lazarov, and H. Ohno (Tohoku University)
Universality classes for domain wall creep motion in magnetic metal Ta/CoFeB/MgO

P10 Z. Wen, T. Kubota, Y. Ina, and K. Takanashi (Tohoku University)
Large current-perpendicular-to-plane giant magnetoresistance in nanojunctions using half-mefallic
CozFeo.4Mno sSi electrodes and dual Ag-Mg spacers

P11 N. Ichikawa, T. Dohi, S. Kanai, A. Okada, F. Matsukura, and H. Ohno (Tohoku
University)
CoFeB thickness dependence of exchange stiffness constants in Ta/CoFeB/MgO

P12 A. Ono, K. Z. Suzuki, R. Ranjbar and S. Mizukami (Tohoku University)
Polycrystalline MnGa ultrathin films with perpendicular anisotropy

P13 M. Bersweiler, K. Watanabe, E. C. I. Enobio, H. Sato, S. Fukami, F. Matsukura,
and H. Ohno (Tohoku University)
Interfacial anisotropy and Gilbert damping in MgQO/Fe/Fe-V/Fe/MgO structure

P14 S. Ishikawa, E. C. I. Enobio, H. Sato, S. Fukami, F. Matsukura, and H. Ohno
(Tohoku University)

Current induced magnetization switching of magnetic tunnel junctions with Co-based recording

layers

P15 J. Lu, X. Zhao, S. Mao, and J. Zhao (Chinese Academy of Science)
MnGa-based perpendicularly magnetic tunnel junction

P16 K. Watanabe, S. Fukami, H. Sato, F. Matsukura, and H. Ohno (Tohoku
University)

Effect of Buffer Layer Material and its Crystal Structure on Magnetic Properties of CoFeB/MgO

Stacks

P17 N. Ohshima, H. Sato, S. Kanai, J. Llandro, S. Fukami, F. Matsukura, and H.
Ohno (Tohoku University)
Electric-field effect on current-induced magnetization switching in a CoFeB/MgO magnetic tunnel

Jjunction
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P18 V. Lauer, M. Schneider, T. Meyer, P. Pirro, F. Heussner, C. Dubs, B. Lagel, V.
Vasyuchka, A. A. Serga, B. Hillebrands, and A. V. Chumak (Technische
Universitat Kaiserslautern)

Auto-oscillations in YIG/Pt nanostructures driven by the spin Seebeck effect

P19 J. Y. Kim, A. Okada, S. Miyakozawa, S. Kanai, F. Matsukura, I. Farrer, H. E.
Beere, D. A, Ritchie, H. Ohno and A. Hirohata (University of York)
Development of Spin-Polarised Transistor

P20 K. Ito, F. Takata, K. Kabara, M. Tsunoda, and T. Suemasu (Tohoku University)
Minority spin transport in epitaxially grown NiFesN and NisFeN films

P21 A. Kurenkov, C. Zhang, S. DuttaGupta, S. Fukami, and H. Ohno (Tohoku
University)
Spin-orbit torque induced switching of antiferromagnet/ferromagnet dots with various sizes

P22 H. Gamou, M. Kohda, and J. Nitta (Tohoku University)
Current induced effective magnetic field in Ta/CoFeB/MgO structure with epitaxial Ta under layer

P23 R. Ranjbar, K. Z. Suzuki, Y. Sasaki, L. Bainsla, and S. Mizukami (Tohoku
University)
Perpendicular magnetization switching of MnGa/Pt film by spin-orbit torque

P24 C. Zhang, S. Fukami, K. Watanabe, A. Ohkawara, S. DuttaGupta, H. Sato, F.
Matsukura, and H. Ohno (Tohoku University)

Spin-orbit torque induced magnetization switching in nanoscale W/CoFeB/MgO — Effect of

Spufttering condition of W

P25 M. Shinozaki, E. Hirayama, S. Kanai, H. Sato, F. Matsukura, and H. Ohno
(Tohoku University)

Homodyne-detected ferromagnetic resonance spectra of CoFeB with perpendicular easy axis

under perpendicular magnetic fields
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The 5th RIEC International Symposium on

Brain Functions and Brain Computer

Date:  February 27 - 28, 2017

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

Tohoku University

Organizers:

Symposium Chair

Michio Niwano, Tohoku Univ.

Program Committee

Takahiro Hanyuu, Tohoku Univ., Shigeo Sato, 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 27 (Monday)

13:30

13:35

13:55

14:25

14:55

15:15

15:30

16:00

16:30

16:50

-13:35

-13:55

-14:25

-14:55

-15:15

-15:30

-16:00

-16:30

-16:50

-17:00

Opening Remarks

A. Hirano-Iwata, Tohoku Univ., Japan

Session 1 (Chair: H. Akima)

[S1-1] An analog/digital sub-conscious/conscious hybrid hardware
prototype for a large-scale partial-update exponential chaotic tabu
search

Y. Horio, T. Shinozaki, and M. Arai, Tohoku Univ., Japan

[S1-2] An Evolvable and Configurable SIMD Architecture for Spiking
Neural Emulation

J. Madrenas, M. Zapata, H. Akima, S. Sato, Technical Univ. of
Catalunya, Spain
[S1-3] Nanoelectronics for brain emulation at the edge between noise and

quantum information processing

E. Prati, National Research Council, Italy

[S1-4] Hamiltonian change for quanutm associative memory

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

Break (15 min)

Session 2 (Chair: S. Sato)

[S2-1] Specialisation and integration in the human brain - results from
loudness related brain activation maps

S. Uppenkamp, O. Behler, Universitat Oldenburg, Germany

[S2-2] Modulatory effects of cortical oscillations on perception - a
modelling study

P. Herman, Royal Institute of Technology, Sweden

[S2-3] Regulation of neuronal synchrony by optimal deep brain
stimulation

S. Kubota, J. Rubin, Yamagata Univ. Japan

Break (10 min)
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17:00 -18:00 ---  Poster Session

[P-1] Autoassociative Memory Using Non-volatile Analogue Magnetic Memory Device
S. Kurihara, H. Akima, W. A. Borders, S. Fukami, S. Moriya, A. Kurenkov, R.
Shimohashi, Y. Horio, S. Sato, H. Ohno, Tohoku Univ., Japan

[P-2] Analog CMOS VLSI Implementation of Chaotic Boltzmann Machines

M. Yamaguchi, H. Tamukoh, H. Suzuki, T. Morie, Kyushu Institute of Technology,
Japan

[P-3] Stacked Autoencoders with Shared Synapse Architecture for Digital Hardware
Implementation

A. Suzuki, T. Morie, H. Tamukoh, Kyushu Institute of Technology, Japan

[P-4] Hardware Oriented Random Number Generation Method for Restricted
Boltzmann Machines

S. Hori, T. Morie, H. Tamukoh, Kyushu Institute of Technology, Japan

[P-5] Throughput Analysis of a Data-Flow Reconfigurable Array Atchitecture for
Convolutional Neural Networks
K. Ando, K. Ueyoshi, K. Orimo, M. Ikebe, S. Takamaeda-Yamazaki, T. Asai, M.
Motomura, Hokkaido Univ., Japan

[P-6] Analyzing synchronized bursts in cortical neuronal networks
S. Moriya, H. Yamamoto, H. Akima, A. Hirano-Iwata, M. Niwano, S. Kubota, S.
Sato, Tohoku Univ. Japan

[P-7] An experimental study on spontaneous activity of a single neuron
K. Hattori, S. Kono, H. Yamamoto, T. Tanii, Waseda Univ., Japan

[P-8] Unidirectional signal propagation in primary neurons micropatterned at a
single-cell resolution

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

[P-9] In situ modification of cell-culture scaffolds by photocatalysis of visible-light-
responsible TiOz film

S. Kono, K. Furusawa, S. Fujishiro, H. Yamamoto, T. Tanii, Waseda Univ., Japan

[P-10] Toxicological resposes in hiPS derived neuronal networks using MEA system

A. Odawara, N. Matsuda, I. Suzuki, Tohoku Univ., Japan
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[P-11] Controlling modularity of cortical neuronal networks using micropatterned
surfaces

K. Ide, H. Yamamoto, R. Matsumura, T. Tanii, M. Niwano, A. Hirano-Iwata,
Tohoku Univ., Japan

[P-12] Functional connectivity in the mouse cortex estimated by partial correlation
analysis of optical intrinsic signals

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

18:30 -20:30 Banquet

February 28 (Tuesday)

9:30

9:50

10:10

10:30

10:45

11:05

11:35

11:55

- 9:50

Session 3 (Chair: H. Yamamoto)

[S3-1] Microfabrication methods for neuroscience - from ion channels to
synapses

A. Hirano-Iwata, Tohoku Univ., Japan

- 10:10 [S3-2] Noncanonnical mode of burst firing originated from distal axon

-10:30

-10:45

-11:05

-11:35

-11:55

-12:00

H. Kamiya, Hokaido Univ., Japan

[S3-3] Microglia disrupt synapse E/I balance in epilepsy
R. Koyama, Univ. Tokyo, Japan

Break (15 min)
Session 4 (Chair: A. Hirano-Iwata)

[S4-1] Intra-cortical neural stimulator for sensory prostheses

Y. Hayashida, Y. Umehira, H. Ymazaki, T. Yagi, Osaka Univ., Japan

[S4-2] Collective dynamics in neuronal cultures: Activity patterns,
propagation, and resilience

dJ. Soriano, Univ. Barcelona, Spain

[S4-3] Synchronization in neuronal networks with modular geometry

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

Closing Remarks

S. Sato, Tohoku Univ., Japan
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S8 Research institute of Electrical Communication
Tohoku University

8th 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

March 6-7, 2017
Sendai, Japan
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8th International Workshop on Nanostructures & Nanoelectronics

March 6-7, 2017

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

Sendai, Japan

Organizer:
Symposium Chairs
Michio Niwano, Tohoku Univ.

Ayumi Hirano-lwata, Tohoku Univ.

Program Committee

Ayumi Hirano-lwata, Tohoku Univ.

Organizing Committee
Ayumi Hirano-lwata, Tohoku Univ.
Teng Ma, Tohoku Univ.
Daisuke Tadaki, Tohoku Univ.
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Program

March 6 (Monday)
Room: 4F, Conference Room, Laboratory for Nanoelectronics and Spintronics
9:00 ~ 9:05 Opening Remarks

Michio Niwano (Research Institute of Electrical Communication, Tohoku
University, Japan)

(Chair: Ayumi Hirano-Iwata)
9:05 ~9:20 History of the workshop

Michio Niwano (Research Institute of Electrical Communication, Tohoku
University, Japan)

9:20 ~ 10:00 Self-organized TiO, nanotube arrays: Latest features and applications
Patrik Schmuki (Department of Materials Science WW-4, LKO, University of
Erlangen-Nuremberg, Martensstrasse 7, 91058 Erlangen, Germany)

10:00 ~ 10:30 A Novel Structure for Membrane Devices Consisting of Atomic and Molecular
Sheets and Two-Dimensional Nanoparticle-Arrays
Toshio Ogino, Naotoshi Sakaguchi, Ryosuke Kimura, Akiko Isobe, Daisuke
Mashiyama, Yasuo Kimura and Ayumi Hirano-Iwata (‘Yokohama National
University, “Tokyo University of Technology, *Tohoku University)

10:30 ~ 10:40 Coffee break

(Chair: Patrik Schmuki)

10:40 ~ 11:20 The impact of electrolyte composition on electrochemical detection of
nanoparticles

Kay Krause', Pedro G. Figueiredo?, Leroy Grob? Philipp Rinklin?, and Bernhard
Wolfrum"* (‘Institute of Bioelectronics (PGI-8/ICS-8), Forschungszentrum Jiilich,
52425 lJiilich, Germany. *Neuroelectronics, Munich School of Bioengineering,
Department of Electrical and Computer Engineering, Technical University of
Munich (TUM), Germany)

11:20 ~ 11:50 Optical pump-probe STM for nanoscale science

Hidemi Shigekawa (Faculty of pure and applied sciences, University of Tsukuba,
Japan)

11:50 ~ 13:00 Lunch

(Chair: Bernhard Wolfrum)

260



13:00 ~ 13:40
13:40 ~ 14:10
14:10 ~ 14:20

(Chair: Teng Ma)

14:20 ~ 14:50
14:50 ~ 15:20
15:20 ~ 15:40
15:40 ~ 15:50

Nanoporous Lipid Membranes: Optical and Electrochemical Sensing Platforms

Craig A. Aspinwall (Department of Chemistry and Biochemistry, University of
Arizona, Tucson, USA)

Microfabrication techniques for ion-channel studies (tentative)
Ayumi Hirano-Iwata (Advanced Institute for Materials Research, Tohoku

University, Japan)

Coffee break

Fabrication of self-organized microstructures of GaAs using sphere lithography
and wet etching
Sachiko Ono and Hidetaka Asoh (Department of Applied Chemistry, Faculty of

Advanced Engineering, Kogakuin University, Japan)

Emerging Functions of Nanostructured Silicon
Nobuyoshi Koshida (Graduate School of Engineering, Tokyo University of Agri.
& Tech., Japan)

Noble-Metal-Free  Photocatalytic = Hydrogen Evolution Activity: Defect
Engineering in TiO, Nanotubes
Xuemei Zhou (Department of Materials Science WW-4, LKO, University of
Erlangen-Nuremberg, Germany)

Coffee break

(Chair: Daisuke Tadaki)

15:50 ~ 16:20

16:20 ~ 17:10

17:10 ~ 17:30

Numerical Study on Stochastic Resonance in a Single-Electron Hysteretic Inverter
Yoshinao Mizugaki and Tran Thi Thu Huong (The University of
Electro-Communications, Japan)

Development of the Nerve Cell Network High Throughput Screening Devices
Tsuneo Urisu (Nagoya University, Japan)

Room-temperature atomic layer deposition for anticorrosion coatings
K. Kanomata, M. Ishikawa, M. Miura, B. Ahmmad, S. Kubota, F. Hirose
(Graduate School of Science and Engineering, Yamagata University, Japan)
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March 7 (Tuesday)

Room: 4F, Conference Room, Laboratory for Nanoelectronics and Spintronics
(Chair: Craig A. Aspinwall)

9:00 ~9:40

9:40 ~ 10:10

10:10 ~ 10:40

10:40 ~ 10:50

Sub-cellular imaging of arrayed stem cells
Maurits de Planque (Electronics and Computer Science & Institute for Life

Sciences, University of Southampton, United Kingdom)

The design of bilayer lipid membranes as a platform for channel-based biosensing
Masao Sugawara (College of Humanities and Sciences, Nihon University, Japan)

Nanogap-junction with a fluid lipid bilayer for selective biosensing
Kenichi Morigaki (Kobe University, Japan)

Coffee break

(Chair: Maurits de Planque)

10:50 ~ 11:20
11:20 ~ 11:50
11:50 ~ 12:20

Room-temperature atomic layer deposition for nano particles and their
applications to electronic devices

F. Hirose, K. Kikuchi, K. Kanomata, M. Miura, B. Ahmmad, S. Kubota (Graduate
School of Science and Engineering, Yamagata University, Japan)

Effect of chemical stimulation to morphology of artificial cell membrane systems
Ryugo Tero (Department of Environmental and Life Sciences, Toyohashi
University of Technology, Japan)

Artificial lipid bilayers: from single molecule imaging to drug screening

Saki Nomura', Minako Hirano®, Hiroaki Yokota?, Junya Ichinose' and Toru Ide'
(‘Graduate School of Natural Science and Technology, Okayama University, The
Graduate School for the Creation of New Photonics Industries, Japan)
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