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Highlights of Research in FY2013
TEREWTFERR & IR AT ZE R DRL 25 SEE DMERRRDONA A b &R LET.

7/ SERE BRI HTBEE

Nano Integration

® J/EBTNAR - TORR (EEXH - BEKX)

Nano-Integration Devices and Processing (S. Sato and M. Sakuraba)
() REEHREEREOBEZHNE LT, BHEWNICEEY - 2R AT 2269 245
WEFEEN—2Z, KERT 7oA 2EFT D5 a— 0 EEORE 2o/, BESES 7R
EHARAATEGEOEEZTN, Za— 0 EREE L CHEOBENE NS Z L 2R L,
iz, mECHEZRRETMH < T LT E S H RS S SRS 2R DWREIKMEE FPGA £
WSREL, TOMRZHER Lz, FiC, BETEL 2 —TOHN FPGA LOAEURBIZE ST
HIR SIS EEEMT 572010, BN MEBERNEN THS 2 2R,
(2) BARIEMBL ECR 7' X< CVD EBIZ L5 Si(100) EADE SiGe IRf KL UE Ge HEO TS
FvIVRE ET OB TEOEICDWTERIIFEZ1ED. Si(100) LD SiGe B (0<Ge L
<1) ERETE RIS 5 SiH4 & GeH4 DRSHEERDILEIL, Ge LRI 5 TIFERBE T
HDIN, SiGe IRBHEED Ge FLEDEME EBITHEMT 2 L2 R0 Lz, 72, Si(100) ki
HERR S 417z Ge FLER 0.50 O SiGe IR TIL. B 11 nm F TR Si(100)EARITHK-FEE L. Hi
FEMEEEMITF L TIEYF v VRESE D 2 SR L 2.

(1) Toward the huge integration of neural networks, we have designed a neuron circuit having large
fan-in ability by modifying a majority circuit, which has self-adjusting function to maximize operating
margin, and its successful operation has been confirmed together with discrete synapses. We have also
implemented a self-oscillating neural network with higher order synapses using an FPGA, and confirmed
that dynamic synaptic weight calculation is effective for saving memories.

(2) Epitaxial growth of strained Sij,Ge, alloy and Ge films on Si(100) using low-energy ECR plasma
CVD without substrate heating has been studied. It is found that reaction rate ratio for SiH; and GeH, is
scarcely dependent on Ge fraction in the films, while the reaction rates tend to increase with increase of the

Ge fraction. Moreover, epitaxial growth of highly strained 11 nm-thick Sigs0Gegso alloy film
lattice-matched to Si(100) substrate has been realized without substrate heating.

@® M/ KB RTL (REBER)
Intelligent Nano-Integration System (K.Nakajima)

() BRSF T ARG ERHFDOWBEEGEIE " 2 — 10> FF )L % FPGA FIZ5REE L KRB0 %
MRS U7z TOMERZE KERBHER Y N7 — U EOBE ) — RATr Y a— >V F~BEHLZD
BEMEDOBREEHE LDz, = 5 IRl b B RSB IE & O 5 EEUE AT & 25 4 2 W R
PIGBIEET IV EREL TERES & OHABRDEL DS-Net & D AEHEICL D, ZOHEEE
Z TSP-LIB FF OREICHEA L CHRT D EEHIT, QAP ADEA L ZOMEIZR L TH 100%0D
EfFERZ R Uz, (2) MBS BT T 7)) 2 B8 O MEAREIEAGRA L, KEhiEs
BERNWR—A YA ZZ2EE U, (3)8x8 By MEFIEERED —Ef 2 EFEE K & L TEME LR
EE{To/, Tz, BREBEFTYHITNA AL a—0ETFEZRALERY 77 0 —JL K
Fy RN =7 2R L, BEERICL D 22— 0 VR OEBSEOERET . BIEERERL



7’9—
‘o

(1) By using high-order synapses for an inverse function delayed neural network, we set up an FPGA
circuit for traveling salesman and quadratic assignment problems. Furthermore, we proposed an inverse
function delay-less model for high speed numerical calculation of artificial neural networks, and we applied
the model to some problems in TSP-LIB. (2) We applied ID networks to development of a
hetero-associative memory system. In that system we obtained large memory capacity and wide basin size.
(3) We demonstrated successfully a 4-bit parallel multiplier using a carry look-ahead adder with niobium
integrated circuits to improve the performance of high-speed operation for the SFQ fast Fourier transform,
and we fabricated the central part of an 8-bit parallel multiplier of SFQ system. A neuron circuit using
superconducting quantum interference devices was fabricated and successfully demonstrated.

RPEREY PO Y REBEHTEEE

Semiconductor Spintronics and information technology

® FEAEXEYIAZIR-F/REVAEY (KBEE - HEED)
Semiconductor Spintronics and Nano-Spin Memory (H. Ohno and S. Tkeda)

BEEFORE L EEROBHERESZAY Y b= AOEBENTOMSL &+ 0 LR
FHEE LTHIREZITD, BLTOREEEZ, (1) (GaMn)As/p-GaAs BHEEIZIBWT, =A 7/ 1
BICEAAE R B TR p-GaAs ~DAE UFiOEAZER L S EEREIC L0
AR LTz, (2) EERMLAES CoFeB-MgO MR b > F /A (CoFeB/MgO p-MTNIZRB W T, &
BERES 2 p-MT] DEXIALIFIEE U TR SN 5 BB EKEEOBALRER 2 Y7 B
JEAE Lz, (3) EEMALALS Ta/CoFeB/MgO MDFEEHIEICINT, WNERFL b7tk
CoFeB JBIZIER T 2 AR 23RO B FEEFEN LTz, (4) Culr F v F/V _EIC/ERL U /- B L
5 CoFeB-MgO MTJ IZRBWT, mNERGEIE b7 2FH Uiz MTI D AA v F o Z T Lz,
(5) Co/Ni fI#HZ BT, BIRIC K DWBET © = ROV AE, R OEFE R 2 fi#A
L7z, (6) GaAs/AlGaAs H—EFHFIZEBWT, A Oak—L 2 MNREE 7 — FERMT LY H
T2 LIRS L, A VRRICBWNCHEBRMAEB, (7) 2 B CoFeB-MgO R HnE &
R VZRBEZERE L., B I mmdER b o RVESMT) TOBNEEIEIZ RS Lz,

- JEHERTSE

1. RGBTSR T 2 77 & (B XX — « AV b =7 ARERERERIR ORF7ER % )
WKWBWT, 2EMERLEEL CUTORREZE, (1) 6T2MTJ E/AZ AW IMb ©
STT-MRAM #FAEL. 1.5n8/2.1ns DFRAH L/EZIAARE T VA DI T25H T E&2FEFL, 13 F
¥y Va2 lCEARRRTH A Z EER LT, (2) 4T-2MTJ R¥EFH TCAM (temary content-addressable
memory) & /V[EIRE D /T — LR A 4T\, 6T-SRAM (static random access memory 234 25 AL & 7R
L7, () MKEAE, BHEEMEAF L, 20 nm LTFOV A XE2HT 5 MTI B E L THE
72 FePd O MnAl % 7z MTI OESFIZREh L7z,
2. SCEBEFEAE TR IT EBEBEOT- DO ORFEMETH D [MKELICEN-Z
D BEHEDTEHDAY Y hu =g ARE - FoA AERTWRER) SeY ey MIBWLT,
SEHFEE L EE U CUTORELZB-, (1) p-MT] F v P ~DOHHEBGAF OEEY L I 2 L—
a XA L,

Our research activities focus on the establishment of fundamental technologies for future spintronics

devices. The outcomes in the last fiscal year are following. (1) Demonstration of spin-pumping by
microwave and observation of inverse spin hall voltage in (Ga,Mn)As/p-GaAs (2) Demonstration of

4



electric field-induced magnetization switching in a CoFeB/MgO based magnetic tunnel junction with a
perpendicular magnetic easy axis (p-MTJ) with switching time less than 1 ns (3) Establishment of the
method to determine the current-induced effective fields with Ta/CoFeB/MgO stack (4) Demonstration of
the magnetization switching with current-induced effective field in CoFeB/MgO based MTJ fabricated on
the Culr channel (5) Elucidation of the pulse duration and current density dependences of the
current-induced domain wall depinning in Co/Ni fine wire (6) Demonstration of the gate voltage control of
the spin coherence in GaAs/AlGaAs quantum well (7) Development and demonstration of a CoFeB based
p-MTJ with 11 nm in diameter by using a double interface MgO/CoFeB/Ta/CoFeB/MgO recording layer
with synthetic ferrimagnetic reference layer.

1. Research activities in "Research and development of ultra-low power spintronics-based VLSIs" under
granted by JSPS through the FIRST program. (1) A IMb STT-RAM with a 6T2MTJ cell is designed and
fabricated using 90nm CMOS/MT]J process that can operate in 1.5nsec/2.1nsec random read/write cycle.
The RAM is fast enough to be applicable to embedded memories such as L3 cache. (2) Demonstration of
the superiority of 4T-2MTJ nonvolatile ternary content-addressable memory (TCAM) cell compared to the
conventional 6T-SRAM (static random access memory) in the operation power. (3) Development of FePd
and MnAl electrodes, which are promising candidates for 20-nm-diameter MTJ with high thermal stability
and low operating power.

2. 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
for Next- Generation Information Technology of MEXT. (1) Elucidation of the irradiation effect in p-MTIs
with simulation.

@® BUO—- RNV RESLE (BdHE— FAEEM - R—NVHIARY MZXFT7V)
Ultra-Broadband Signal Processing (T.Otsuji, T.Suemitsu, and S. Boubanga Tombet)

WEZRAHREREBEE TH LIV - 7 I IV B O & BR L. XS0 FHREE -
S AT LANBHATHIEZHMNELT, HILWERBRHOI U - TININVVIERETFTNA A
DRI E, ZTNEZIEH L7 10— RN RIEFS IR ICEE 9 2 0H9E 2 HEtE L T 5,
AEEE BETFEREME: Vo 72 22 RBIEEETOHEET SANIVY L —Y—%igE L,
QMW&HbUpJﬁﬁﬁ@?mﬁm WHRIITHEEHIZ. ZFHTIXETRTY M CEBE
KAFERIEA 2 Emric B A U, EREEI %&wbhoit,fﬁx%/ REFEEET 5
HEEERE - BMET SNV ERE T NA ZAORFEIRII L. SERBETIEE S O RERE
Andk & B HT (200 GHz. wﬂﬁx%h_%&n7WMA6MWW®&¢%E)bto

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, we theoretically discovered and
experimentally verified the giant THz gain of the surface plasmon polaritons in population-inverted
graphene. We also experimentally verified the spontaneous and stimulated THz emission in optically
pumped graphene at room temperature. Second, we developed plasmon-resonant THz emitters/detectors,
succeeding in world-first coherent monochromatic THz emission and breaking the record sensitivity of
22.7 (6.4) kV/W at 220-GHz (1.5-THz) radiation.

® =FLFERIZE (BHRE— - MRER - =ZHES)

Quantum-Optical Information Technology (K. Edamatsu, H. Kosaka, and Y. Mitsumori)
1. ZHFETFHDOIVETFHDORAE - HIH - B HiEOBFE

BTHEICBITS, HLVHBORERE SMOMEREOELE OB ORMEEERERIT. BF
MOAENEE TH2DHEST, BFFHU. BEFEE QKA ELHLEELERE D, A%
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E T, XTFORADO—CREIT BT 2582% - BELOARHEE R ZMEET 2 E BRI ZIT 0,
NA RNV O - BELOBIGRINBN., EFEH I RERB S NBERK UMEORERDB
FOTI5 2 T7—=RORER) DAL L TWAH I EEHFSMNT L7 (Scientific Reports, Phys. Rev.
Lett. 76 lCHBH, HEFHR).

2. BTYPHOLDODETAT ¢ 7EMBETNA ZADBTE

EFIEHRAEE IR 5BEEHEMZ RBNICHEKT 2720 0B TFHHEROESZ HIFL . HlEE
EHESHTFVROOBRTREREFEBRUHEEZESETAEALEETLBTAT 4 TEMA 25—
A XT&N}@%%%@@TH@ AEET, (DAFNEETAE AOREBIRE S IO HE
BZ2ETFRE I 74 METHCLDBEFRIUOREEENETFHNTHS I E2RL, TOERE
EAZHS NI L (Phys. Rev. BFRICHE) . Q) Y1 VY E RPOH -8R REERAWZET
AECETEY bAOKETIRERE, MIEOREMEER. SOMRERT.

3. PEEAETFRy hOBEERIE—L > Ml

PEEABETRY hPOBTREO T CIRENCEL D2 O — L > MMlEEOBR R BT IEHRAULE 2
BIfTEGETNA AR T 5 ETHRERFRIGEMAFE TH S, AEEL, 74 b Ta—ik
ERWTHEFIEIREZEBIL. EF Ry POFLWHEEDRTH L2 RMEERZEHRL 72
(Phys. Rev. B #bIZ ) .

1. We have experimentally tested the error-disturbance uncertainty relations by weak measurement of
photon polarization and demonstrated that Heisenberg relation is violated while Ozawa and Branciard
relations hold.

2. We are developing a quantum media converter from a photon to an electron spin to realize a quantum
repeater, which is expected to extend the transmission distance of quantum info-communication. We have
demonstrated that (1) the process of state transfer and readout is quantum like by the measurement of
electron spin state tomography, and (2) fundamental experiments for the photonic state transfer to an
electron spin memory and electron spin state readout with a photon in diamond.

3. We have investigated the excitonic Rabi oscillations in semiconductor quantum dots using photon echo
spectroscopy for the development of the optical coherent control of the electric states in the quantum dots.
We have observed the interesting behavior of the Rabi oscillations arising from the local field effect in the
quantum dots.

T/ DFTINA REEE i Y

Nano-Molecular Devices

® 7/ DFTNAR (BEEX - AERS)

Nano-Molecular Devices (M. Niwano and Y. Kimura)

1. TRV IR ZE R W=l O LB FE D D BBEE OB %

ZENE R BRI EE B WT, IBIFMROMEEE (BHERERE) OF0HHRIC
R U 7z[1]. BAE, EEEERE U TOEREZ MG 5720 OFEDORFENFT 5N THDHA,
FORTEENDRERIED AT —Z 2 T REOEENRI KD ENTND, Tald, Eits
FeEE AW TIE RO O Z AT 5 2 IR L. ZOREIES#EOFUIRREE B 5
ANDIGANREEI NS,

2. REFTBMmEILEIC LD TI02 1 7 0 A D%

Ti & BHEEOBFBEMELICL D, TIO2 7/ Fa—TEBEER—A L LEIA 7 OXT—)VD
HAY B OEEIZRII U 72[3], & 512, TiO2 &/ Fa—THNEIZ &R/ Mkl T 2 BS L%
PNCHEIFT 2 2 Ik D, RBRESCH ARBEEZ M ETE2 2 E2HLMNI L,



3. TiIO2 /) Fa—THEER— 2 & U BH/EENA T Uy REERES B OB

TiO2 F/ Fa—TJ#EE AW - BEESKEEMOBRFEETo TS, /A7)
DF 2 —TFDORNEEZF ) A —)VD P3HT RNU X —#EEZ I—F 4 > 7T 572D DNEEREmAL
Bk D BRI LT L 72[5].

1. In-situ monitoring of adipocyte differentiation by infrared spectroscopy (IRAS)

We have succeeded in real-time monitoring cell differentiation to adipocytes by using IRAS with the
multiple internal reflection (MIR) geometry. We showed that MIR-IRAS has a potential to evaluate
antiadipogenic agents in terms of their effects on fat and protein synthesis during adipogenesis.

2. Development of TiO2 nanotube-based micro-scaled gas-sensor

We have fabricated TiO2 nanotube-based macro-scaled gas sensors by locally anodizing a thin Ti film on
glass substrate. We demonstrated that deposition of metal nanoparticle on the inner wall of nanotubes
improves the sensitivity and gas-discrimination function of the gas sensors.

3. Development of organic/TiO2 hybridized solar cells

We have investigated modification of TiO2 surfaces used for fabrication of TiO2/polymer hybrid solar cells.
We found that modification of TiO2 surfaces with [6,6]-phenyl-C61-butyric acid (PCBA) drastically
increased the short circuit current of TiO2/P3HT-based hybrid solar cells.



4. TEE% D iEE

4—1 F/IVO o) REBRERAAMSDOEIH

SRR 17 FE~2 FEBHBEMRREE L CERINZF /27 ho= s ZERLLRE
IT Al EE A LB E LT, 21 IR SN EERBRBEZERTS-0,
WRSAR T JREEOEBF EISA ). TEEARTR O RO SR, T+ /1
BICKDERNEOEREIGH I D3 EKEZFICHELZ. 7/ L7 b7 ZERTINAL L &
INERAWEBHR AT LDBELZHET S EEHIT, NS E2EHRT 57720 OEBIHL R
FARRERHEL, 7/ T O AN BFOMRICR I DY —F T 2 A Dk
MEHEBELTNWS,

HZa-F-IM I KBTI T~

GIRT-WRF R )

\—r Sk
D AT R AR
B—)

K-FIUR

B
CEMHFTIELR)

KEBBE - U ITEAS
K- N—N— Rk

BEHEBE - sttevso0TLs b0z s B9 —
1l - B REMEFRTI LA 1T/ FA T REEE & —
thE - hE RS AR TR
R—FU K- BBETHFTI—
ARA - EdKRE
B - BEdlASE

g K- Za1—3— O HEIAET VNS —B AR ALY
REREE K- AUTHNDTRE Y28 - N=NSE



T/ AEC KBRS CRELCERD VRO T A

RIEC Symposium on Spintronics
(551[E1: 2005%2H8-9H, #2E : 2006528 15-16H,
£83[E : 2007FE10A31H-11B1H, £4ME : 20085E10H9-10d,
855[H : 200910H822-23H, £56[E : 2010528 5-6H,
SB7H : 2011FE2H3-4H, 558 : 201252H2-38,

o . ~ . _ 2nd RIEC International Symposium
SROE : 201255A31-6A2H, 2R10H : 2013517 15-16H, on Brain Functions and Brain
£11E : 20135%1A31-2H1H) Computer

International Workshop on Nanostructure & Nanoelectronics
(381[]: 2007511 H21- 228, #2[E : 2010%F3H11-128,

283 : 201293 H21-22H, 4 : 20135%387-8H)

RIEC-CNSI Workshop on Nano & Nanoelectronics .
Spintronics and Photonics

(55 1[E: 20095108 22- 23H)

RIEC International Symposium on Brain Functions and Brain
Computer

C Symposium on Spintronics-
MgO-based Magnetic Tunnel Junction-

((81E:2012%F 11 B 15-16 B, $£2E: 201452 A 21-22 A) Left: Albert Fert (received 2007 Nobel
Prize in Physics); Right: Russel
Cowburn

4—2 ROUROYLRME (Fnrsaid 16, BEER CIUR)

5 54 MESBEPVRFERS VRO LA

55 2 [8] MtRE C IR R ICRE T S E A EIRR S R D A
The 1st RIEC International Symposium on Brain Functions and Brain
Computer

Shigeo SATO
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ARV LE, EEAT S, FHEETE Ry I, BUETS, KNS, R
L DY, JERIEMES S o ZBRES BN 5 A S IZEE R LD, MO B BT
BT 2RIEDME - BIMICDNT, 2HFOEREZBA TUERELERZTOZELEZEANELT
0 - B SNz, SENZEETHD, ER264FE2 A 21 H, 22 HO 2 HEICHES THEX N
toP%v\75>z\X@zw?>®3@l@53%@%%&%@@%%@1;ﬁn#@mﬁ
FEEK, 9 HFORAY —FRIMTON/z, FEEANAL. MR, R RER, EEERZRES
ﬁﬁbt%%@f%vtﬂ\ﬁﬁ%@KTﬁﬁ%ﬁE%mm@@% fThiiz. ZROZENS
M7zl ebdhb, HFOEBEZROBERZIRET IELKDHSND L VRDTAEED T2,



B 55 EERBEMEFRERS VRO A

FYEINA A ERE-F /L7 haZ g AT BEEES DRI A,
BSEF /MEEST ) TV F O ACETIEBR T -2 gy S
The Joint Symposium of
7™ International Symposium on Medical, Bio- and Nano-Electronics,
4™ International Workshop on Nanostructures & Nanoelectronics

FEB ER
Michio NIWANO

P B: Frk2 64E3 A6 H CKEEH) ~7H (&MEH) (2ZHR)
PREEGAT RALKRF/RBEMIT F/ - AU VERuR

AR S 2 DI OV TD Yy a > Th, F ) Fa—TF H—R 2 ED
T/ BERIIDNWT, ZOREENY, KBNS A P ENDOSERISAEIIDNTO
FENH D, FRISHEIC DWW THEWERN 2 SNz, £/, BEFEHESNTWAEBILY ST
CORELEBIFIZDNTORERNER SN/, BRI TENR ONA AR AT 4 1)V
Aoty aTho, EEEREIHEELZWMEMER Y T —27 OFHIEE. IBE =07
WA LT v RIVE NI E2R Wz 0, BEREZRAWEA A= TEMCHRr I
WNAF T TFIZDNTOREENH D, TIN5 OMEREDBIEIC DWW TOEWERN I N, &
NO DA NENDBEOWEEDORZRIE, 7/ L7 ban 7 ARENSDERRHELRE, 4
BOBLEAEOERICKWICERT 2 &2 515,

ZIAEIL. BADS SADOBFHREEEZEYD. —HBTHEE, 42800 B2 A, 1E%
THEZRRIFHENERZRNTON/Z. ZOEFEY VRIS MIKEELBEBETETH S,
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5. WAZAR (FR 25 FE)

5A 7/ KREBRINEEE

Nano Integration

Al F/EBTNAR - TOLR (B - SERX)

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

A2 MM/ EBRT LA (FEERR)
Intelligent Nano-Integration System
(K.Nakajima)

11
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F/EBETNAR - TOER (EEERE - BERX)

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

WEE TN A RO BB R BT B BT

High-density implementation of devices for brain computing

kD Si-LST ORHMLRA 2 RIEA. WMEFIEEOERLICHIT T, MEFTEMRTN
1 ADBAFEE T OREEREM, ROMEEFEEO 7O by 1 TICOWTHIE 2o
Tnag,

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.

BRAFTERAEFHET /N RICHETHHR
Intelligent quantum device for brain computing

MR LB TRIEZAE LAMOMEEERT 5720, HALE U PREEEEREL
o B a—O Y RTELUTEB<SHETNA ZEZOFET IV X LI DWTHEE
ZfToTnd,

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.

BEEIVELERIES F 2 v IIVBROLODEBEERIEMEAT S X7 CVD Ok
AICEY S5

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

FIA=IF—FREORmBERTFANTOMEERER T 272010, BF4—4 TEEM
DRIRIEANT OFEEH T DMERE IV BFEREEONTOLES F2 v VERERIZD
WTHEL TS,

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.

IV EFEGSEERTFATOBEOSKRBLTO LR ICETHHE

Large-scale integration process of group IV semiconductor quantum heterostructures
IV RFERBTIRT INA A D Si REEIEAOE#HZ EHT T 272010, 1V EEEAS
EEETATOHMEOEER LT O A EBF AT O ) TN Z8UYE - BEfEticD
WTHIBEL T3,

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.

“Epitaxial Growth of B-Doped Si on Si(100) by Electron-Cyclotron-Resonance Ar Plasma
Chemical Vapor Deposition in a SiH4-B,Hg-H, Gas Mixture without Substrate”, Y. Abe, M.
Sakuraba and J. Murota, Thin Solid Films, 557, (2014), 10-13.

“Epitaxial Growth of Si;.,Ge, Alloys and Ge on Si(100) by Electron-Cyclotron-Resonance Ar
Plasma Chemical Vapor Deposition without Substrate Heating”, N. Ueno, M. Sakuraba, S. Sato
and J. Murota, Thin Solid Films, 557, (2014), 31-35.

“Nitrogen Doping Effect upon Hole Tunneling Characteristics of Si Barriers in Si;. Ge,/Si
Resonant Tunneling Diode”, T. Kawashima, M. Sakuraba and J. Murota, Thin Solid Films, 557,
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1.

Intelligent Nano-Integration System (K. Nakajima)

SHRE=Za2—SIRxy FT—ODEFEREFEHRECEAT MR
Research for basic architectures of LS neural networks and theirs learning efficiency
"B Z 2= Ry VU =0 Z AW HMERAE > 2 7 L ORRIEZEBILL, 20
U EREZ A - A L THEREm L2 S,
This research is concermned with the design of intelligent information processing systems
constructed of LSI neural networks. The fabricated LSI neural networks are analyzed and
evaluated to improve the learning efficiency.
WEAELRIER Y T ETIVICET SR
Research for inverse function delayed network models
TUT4TZa—nrETINTHS ID BEFIERNWT, HIERLES 27 L% BIF
ER
This research is concerned with the development of the intelligent processing system by using ID
models which are active neuron models.
Za—OfFEREHALLEFHERICETIME
Research for neuromorphic quantum computer
Za—OWNFEERRLCETRETIVI) ZLOHEEL, TOEGBETAOEE
E) o
This research is concerned both with the development of a new neuromorphic quantum
computation algorithm and its implementation with solid state devices.
BIREAEE—- FEERRICET MR
Research for superconducting phase-mode LSI
WRBTZBEREARE T O5BREEBREE TR L2 U NETEHE S A7 L2l
=
This research is concerned with the development of new computer systems constructed of
superconducting LSI circuits where single flux quanta are used as information bit carriers.
(EFATF ]
T. Onomi and K. Nakajima, Neuron Circuit using Coupled SQUIDs Gate with Flat Output
Characteristics for Superconducting Neural Network, IEICE Trans. Electron., vol.E97-C, no.3,
pp. 173-177, Mar. 2014.
(EIp =R
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Proceedings of Superconducting SFQ VLSI Workshop SSV 2013, pp.78-81, Tsukuba Japan,
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Semiconductor Spintronics and Information Technology

B1 FEHIAELMOZIR, F/REVAEY (KBS - thAET)
Semiconductor Spintronics and Nano-Spin Memory
(H.Ohno and S.lkeda)

B2 @70—RFNYRMESRE (BdHE— - KRG - R—NVH AR
v bRTFT7 )
Ultra-Broadband Signal Processing
(T.Otsuji, T.Suemitsu and S. Boubanga- Tombet)

B3 EFABHRIZ (BRE— - /MREE - ZHES)
Quantum-Optical Information Technology
(K.Edamatsu, H.Kosaka and Y.Mitsumori)
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B1 H$BHIAEY I OZIR, F/REVAEY (KBFEE - HEHED)
Semiconductor Spintronics and Nano-Spin Memory
(H. Ohno and S. lkeda)

BEAETOETFPALE > OREZHEL TENERT 27201, HILWMEORR, BF
WEOIEREMEE O, RRENSDOAY Y MOy BT EEERTAOEHAICET 55
FEfToTND, THIC, REREEICED., BEENDEBEBEENIMEEND ALY K
A= A%KT. ROAY > baoz s AERBEEEROPERFEET> T,

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. ¥EEIEY MOZSRICHETHHE
Semiconductor Spintronics

BEARFOAE > EBERMOHHEEZHE S 2B TR ENDEMIEZAY > b=y AHEF
DEFEZDST LT, FEE, @SR, SBEMIEKRICBI 2 HR ROENS
R U E MR FIRAE Y N7 ZETORIZEICET 581282175
TWws,

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.

1) AE> MO XY 505

Spintronics

DTRIEY F DA F ) D THEERWZAY Y AT A BRSO 1R,
A Y KB NE D RN & B
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) BN & OBRER T IS IR T 2155
Magnetic metal functional devices and their application
20 nm EAFDAE > bOZI AR TAERB L ORFM THNOBTE, fERL /-~
AE bAZT ARTOREFMG, €L TAE> hOZy ZAFFEFIA L% D
EHEEREFIEEZED TN S,
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) BEAE AR R OV OB T HEE QW &SR IR DS
Properties and application of magnetic semiconductors and their quantum structures
SRR & HBARE LA B ORI E UV BB T N A QBB 2175 TS,
Exploration of novel spintronic semiconductor devices based on ferromagnet/semiconductor
structures is being carried out.

4) FEABTREIIBT BT HAE VW &2 ORI 58158
Characterization of electrical, optical, and spin properties of semiconductor quantum
nanostructures and their applications
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-V ELEYFBRBBETICBT2F v U T PRFEOAE VICEEL, 7z A
N —F DAL RBIE 21T > TE DA — L U AZ MR T B L EBIC, BTE
HILHEANDISE WL T2,

Study of ultrafast processes, especially spin dynamics of carriers in III-V semiconductor
nanostructures is being carried out by femto-second time resolved measurements to the
application for such as ultrafast optical switches and quantum information processing.

2. F/REVFNARAEYDHFE
Nano-spin device and memory

REREREEEBETOARY TNA A EZNUCL > TRIEE D85 L Wi BERBRKR L
OEREFUIE L X T LE, ACCHEEZRWTERTSZE2HES LT, A A
T APy 7 ERITAT BN E BT 5,

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) @b RIVRESIRBIR T ORF
Magnetic tunnel junctions with high output voltage
HANEERZLKESE b > FNVESEF(TMREZETF ORI 2T T,
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.

2) @BRAE L POZI ZTINA ADBF
Metal-based spintronics devices
W@ RAE > P a2 AT NA ZOER EZOREFME, AE AT DY
v 7 BEARBEEFIEEZTT> T 5,
Fabrication of metal-based spintronic devices with small dimension and characterization of
their properties and making basic spintronics-based circuits experimentally are carried out.

3) A EARMLRIRET OBE
Spin transfer torque memory and logic devices
EHSAABINTAI 2 A E AE ALK R BT 20158 275> T b,
Characterizing spin transfer torque switching toward reduction of writing power is being
carried out.

3. HIRIF—REY OSSO RAREEBEIROF LS
Research and Development of Ultra-low Power Spintronics-based VLSIs

HA AR Bl TRRIGAIZEHFE R T 07 I L) TETFRIVF—AY > bO= 7 AHM

FABEANIC BT 25T bz,

Technologies based on spintronics that makes VLSIs high performance and ultra low power were
studied under “Research and Development of Ultra-low Power Spintronics-based
VLSIs” program granted by JSPS through the FIRST program.

1) AE> Oz g ZAMENCE T 0%
Spintronics materials
AEZ MY Amm R E A O R SR @K EED TINA A BN BT B BT
FAFHN.
Advanced spintronics device materials for VLSI were studied.

2) A bR ATNA AT B3
Spintonics devices
BRI A 2 2 b 02 ZTINA A DB R BT BB M T b,
Spintronics devices with low write current, high thermal stability, high TMR and high
reliability were studied.
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3) HHMAY > bOZy ZMETNA AT 28158
New Spintronics materials and devices
BN RIZACHE T NA A, FEEZAE S Oy ZAMBTNA ZAERICET 5
WIEMfTonz.
Magnetic materials and devices for electic-field control, and semiconductor spintronic
materials and devices were studied.

4) AE > b0y AGmBREER BT S H5E
Spintronics based logic circuits
ERZbNTAAAY Y bO oy AmBEBRETY 7)) 77— 3 > O%aHE
HRREEIC BT 2 5e 2 Th iz,
Design and verification of spintronics logic integrated circuits, and design for high-speed
and stable operation of spintronics VLSI were studied.

4. MREELCENALRLRE/EDOHDAE Y NOZY RFEF/INA RE BT BT
LY
Research and Development of Spintronics Material and Device Science and Technology
for a Disaster-Resistant Safe and Secure Society

SCERRFEE DR IT BREEO D OIS OZEHFETH S (K EEICE
NI KEHRDIZODAY Y b0y AMETNA AR ERRER) ooy b+
KBWT, 7O0Yxzy hSEMRESEE L TEEEAE hOZ 7 AT —F 0 /A E
U HEITNA ZOBFEERBEBAY S FOZ7 AT —F 27 AEY [T HEFN
1 ADBFENTTHONIZ.

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.

) MEAY Y FAZI AT —=F 27 ATV BT S5
Developments of high-speed spintronics working memory
BRIV EAREEAEEETOEEHTALY > by AETF, RUOEHE=
WMTAE Y PO ARTEMERL, EfEEZRH~N,
High-speed two terminal and three terimanl devices based on magnetic tunnel junction were
fabricated and studied.

2) REBT—F 2T AEVICET 5058
Developments of high-density spintronics working memory
40 nmo LA T OMBHIR b > VRS EERL L, Bt 2 T,

Magnetic tunnel junctions with a diameter less than 40 nm¢ were fabricated and studied.
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H. Sato, T. Yamamoto, M. Yamanouchi, S. Ikeda, S. Fukami, K. Kinoshita, F. Matsukura, N.
Kasai, and H. Ohno, “Comprehensive study of CoFeB-MgO magnetic tunnel junction
characteristics with single- and double-interface scaling down to 1X nm,” 2013 IEEE
International Electron Devices Meeting (IEDM) Washington, DC, USA, December 9-11, 2013

S. Fukami, M. Yamanouchi, K.-J. Kim, T. Suzuki, N. Sakimura, D. Chiba, S. lkeda, T.
Sugibayashi, N. Kasai, T. Ono, and H. Ohno “20-nm magnetic domain wall motion memory with
ultralow-power operation,” 2013 IEEE International Electron Devices Meeting (IEDM)
Washington, DC, USA, December 9-11, 2013

S. Fukami and H. Ohno, “Three-terminal magnetic domain wall motion device for spintronics
VLSIs,” (invited), International Japanese-French Workshop on Spintronics, Orsey, France,
November 27-28, 2013

K. Kim, R. Hiramatsu, T. Koyama, K. Ueda, Y. Yoshimura, D. Chiba, K. Kobayashi, Y. Nakatani,
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induced magnetization switching in CoFeB-MgO with different magnetic field angles,”
International Symposium on Advanced Magnetic Materials and Applications (ISAMMA),

64



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Taichung, Taiwan, July 21-25, 2013

H. Ohno, “Two and three terminal non-volatile spintronics devices for VLSI application,”
(invited), International Symposium on Advanced Magnetic Materials and Applications
(ISAMMA), Taichung, Taiwan, July 21-25, 2013

Okada, “Electric field dependence of magnetic properties of CoFeB investigated by
ferromagnetic resonance,” Summer School and Annual Meeting on Advanced Spintronic
Materials and Transport Phenomena (ASPIMATT), Dresden, Germany, July 1-5, 2013

S. Miyakozawa, “Molecular beam epitaxy and characterization of Li codoped (Ga,Mn)As,”
Summer School and Annual Meeting on Advanced Spintronic Materials and Transport
Phenomena (ASPIMATT), Dresden, Germany, July 1-5, 2013

S. Kanai, “Electric field-induced magnetization switching in CoFeB-MgO under magnetic
fields,” Summer School and Annual Meeting on Advanced Spintronic Materials and Transport
Phenomena (ASPIMATT), Dresden, Germany, July 1-5, 2013

H. Ohno, “Current status and prospect of magnetic tunnel junction,” (invited), 7th International
Conference on Materials for Advanced Technologies (ICMAT), Singapore, June 30-July 5, 2013

H. Ohno, “What we can learn from ferromagnetism in semiconductors,” (plenary), 4th
International Symposium on Organic and Inorganic Electronic Materials and Related
Nanotechnologies (EM-NANO 2013), Kanazawa, Japan, June 17-20, 2013

T. Suzuki, H. Tanigawa, Y. Kobayashi, K. Mori, Y. Ito, Y. Ozaki, K. Suemitsu, T. Kitamura, K.
Nagahara, E. Kariyada, N. Ohshima, S. Fukami, M. Yamanouchi, S. Ikeda, M. Hayashi, M. Sakao,
and H. Ohno, “Low-Current Domain Wall Motion MRAM with Perpendicularly Magnetized
CoFeB/MgO Magnetic Tunnel Junction and Underlying Hard Magnets,” 2013 Symposia on VLSI
Technology, Kyoto, Japan, June 11-13, 2013

T. Ohsawa, S. Miura, K. Kinoshita, H. Honjo, S. Ikeda, T. Hanyu, H. Ohno, and T. Endoh, “A
1.5nsec/2.1nsec Random Read/Write Cycle 1Mb STT-RAM Using 6T2MTJ Cell with
Background Write for Nonvolatile e-Memories,” 2013 Symposia on VLSI Circuits, Kyoto, Japan,
June 12-14, 2013

S. Matsunaga, N. Sakimura, R. Nebashi, Y. Tsuji, A. Morioka, T. Sugibayashi, S. Miura, H. Honjo
K. Kinoshita, H. Sato, S. Fukami, M. Natsui, A. Mochizuki, S. Ikeda, T. Endoh, H. Ohno, and T.
Endoh, “Fabrication of a 99%-Energy-Less Nonvolatile Multi-Functional CAM Chip Using
Hierarchical Power Gating for a Massively-Parallel Full-Text-Search Engine,” 2013 Symposia on
VLSI Circuits, Kyoto, Japan, June 12-14, 2013

H. Sato, M. Yamanouchi, S. Ikeda, S. Fukami, F Matsukura, and H. Ohno,
“MgO/CoFeB/Ta/CoFeB/MgO recording structure with low critical current and high thermal
stability, (invited),” JSPS York-Tohoku Symposium on Magnetic Materials and Spintronic
Devices, York, UK., June 10-12, 2013

H. Sato, R. Koizumi, S. Ikeda, M. Yamanouchi, F. Matsukura, and H. Ohno, “(Cojgq..Fe,)soB2o
composition dependence of interface anisotropy in MgO/CoFeB/Ta stack structure,” The 8th
International Symposium on Metallic Multilayers (MM1.2013), Kyoto, Japan, May 19-24, 2013

S. Fukami, H. Sato, M. Yamaguchi, S. Ikeda, and H. Ohno, “Monoatomically-layered CoNi film
with perpendicular magnetic anisotropy,” The 8th International Symposium on Metallic
Multilayers (MML2013), Kyoto, Japan, May 19-24, 2013

K. Ueda, R. Hiramatsu, D. Chiba, H. Tanigawa, T. Suzuki, S. Fukami, M. Yamanouchi, H. Ohno,
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M. Kawaguchi, K. Shimamura, S. Ono, S. Fukami, F. Matsukura, H. Ohno, D. Chiba, T.
Ono,”Electric field effect on magnetic properties in Fe ultra-thin film,” The 8th International
Symposium on Metallic Multilayers (MML2013), Kyoto, Japan, May 19-24, 2013

J. Kim, J. Sinha, M. Hayashi, M. Yamanouchi, S. Fukami, T. Suzuki, S. Mitani and H. Ohno,
“Current-induced effective field vector in Ta ] CoFeB ] MgO with various layer thicknesses,” The

H

65



53.

54.

55.

8th International Symposium on Metallic Multilayers (MML2013), Kyoto, Japan, May 19-24,
2013

Y. Yoshimura, T. Koyama, D. Chiba, Y. Nakatani, S. Fukami, M. Yamanouchi, H. Ohno, T. Ono,
“Influence of in-plane magnetic fields on current-induced domain wall motion in a
perpendicularly magnetized Co/Ni nanowire,” The 8th International Symposium on Metallic
Multilayers (MML2013), Kyoto, Japan, May 19-24, 2013

K. J. Kim, R. Hiramatsu, T. Koyama, K. Ueda, Y. Yoshimura, D. Chiba, K. Kobayashi, Y.
Nakatani, S. Fukami, M. Yamanouchi, H. Ohno, T. Ono, “Quantitative determination of intrinsic

energy barrier for current induced domain wall motion,” 8th International Symposium on
Metallic Multilayers (MML2013), Kyoto, Japan, May 19-24, 2013

T. Ohsawa, S. Ikeda, T. Hanyu, H. Ohno, and T. Endoh, “A 1-Mb STI-MRAM with Zero-Array
Standby Power and 1.5-ns Quick Wake-Up by 8-b Fine-Grained Power Gating,” 5th IEEE
International Memory Workshop (IMW), Monterey, California, U.S.A., May 26-29, 2013

(EFRmRER] (EEET)

1.

10.

11.

12.

13.

T. Hanyu, “Challenge of MTJ-Based Nonvolatile Logic-in-Memory Architecture Towards
Dark-Silicon Logic LSI (invited),” Workshop on Network on Chip between HKUST and
CREST-DVLS], Lo Ka Chung Building, HKUST, Hong Kong, China, December 14, 2013
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M. Hayashi, “Current induced spin orbit torques in CoFeB|MgO magnetic heterostructures
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Co-Fe/MgO junctions (invited),” International Workshop of Computational Nano-Materials
Design on Green Energy, Awaji, Japan, June 19, 2013

Y. Miura, M. Tsujikawa, M. Shirai, “A first-principles study on magneto-crystalline anisotropy at
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. M. Oogane, H. Saruyama, Y. Kurimoto, H. Naganuma and Y. Ando, “Magnetic tunnel junctions

with perpendicularly magnetized 1.10-ordered MnAl electrode (invited),” JSPS York-Tohoku
Research Symposium on “Magnetic Materials and Spintronic devices” York, UK, June 10, 2013.
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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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38.

39.

40.

41.

42.

Y. Fukada, J. Kani, J. Terada, N. Yoshimoto, and T. Otsuji, "Calibration technique for
optical-comb-based frequency-response measurement systems," OECC: 18th OptoElectronics
andCommunications Conference, ThP1-2, Kyoto, Japan, June 27, 2013.

T. Watanabe, T. Fukushima, P.A. Russel, A. Satou, D.M. Mittleman, J. Kono, and T. Otsuji,
"Observation of Terahertz Resonant Absorption in Graphene Micro-Ribbon Arrays," CLEO-PR:
10th Conference on Lasers and Electro-Optics Pacific Rim, WC4-2, Kyoto, Japan, June 26,
2013.

T. Otsuji, A. Satou, S. Boubanga Tombet, M. Ryzhii, and V. Ryzhii, "Challenges to create
graphene terahertz lasers," CC3DMR: Collaborative Conference on 3D & Materials Research
Abstract, p. 659, Jeju, South Korea, June 27, 2013. (invited)

T. Watanabe, Y. Kurita, A. Satou, T. Suemitsu, W. Knap, V. V. Popov, and T. Otsuji, "Plasmonic
terahertz monochromatic coherent emission from an asymmetric chirped dual-grating-gate
InP-HEMT with a photonic vertical cavity," DRC 71st Device Research Conference Dig., 111-40
Notre Dame, IN, USA, June 24, 2013.

2

A. Satou, V. Ryzhij, E.T. Vasko, V.V. Mitin, and T. Otsuji, "Frequency dispersion and damping
mechanisms of terahertz plasmons in graphene transistor structure," CLEO: Conference on
Lasers and Electrooptics Dig., JTh2A.33 San Jose, CA, USA, June 13, 2013.

T. Watanabe, A. Satou, T. Suemitsu, W. Knap. V.V. Popov, and T. Otsuji, "Plasmonic Terahertz
Monochromatic Coherent Emission from an Asymmetric Chirped Dual-Grating-Gate
InP-HEMT with a Photonic Vertical Cavities,"CLEO: Conference on Lasers and Electrooptics
Dig., CW3K.7, San Jose, CA, USA, June 12, 2013.

T. Otsuji, "Challenge to create graphene terahertz lasers," RJUS-2013: the 2nd
Russia-Japan-USA Symposium on the Fundamental and Applied Problems of Terahertz Devices
and Technologies, Moscow, Russia, June 3-7, 2013. (invited)

V. Ryzhii, "Applied Problems of Terahertz Devices & Technologies," RJUS-2013: the 2nd
Russia-Japan-USA Symposium on the Fundamental and Applied Problems of Terahertz Devices
and Technologies, Moscow, Russia, June 3-7, 2013. (plenary)

A. Satou, "Frequency Dispersion and Damping Mechanisms of Terahertz Plasmons in Graphene
Transistor Structures," RJUS-2013: the 2nd Russia-Japan-USA Symposium on the Fundamental
and Applied Problems of Terahertz Devices and Technologies, Moscow, Russia, June 3-7, 2013.

M. Ryzhii, T. Otsuji, M.S. Shur, V. Mitin, and V. Ryzhii, "Plasma Resonant Terahertz
Photomixers Based on Double Graphene Layer Structures," RJUS-2013: the 2nd
Russia-Japan-USA Symposium on the Fundamental and Applied Problems of Terahertz Devices
and Technologies, Moscow, Russia, June 3-7, 2013.

T. Otsuji, "Active plasmons in grapheme: toward the new types of terahertz lasers,"
WOCSDICE: 37th Workshop on Compound Semiconductor Devices and Integrated Circuits
held in Europe, Warnemiinde, Germany, May 26-29, 2013. (invited)

Y. Kurita, G. Ducournau, K. Kobayashi, Y.M. Meziani, V.V. Popov, W. Knap, and T. Otsuj,
"Extremely-High Sensitive Terahertz Detector based on Dual-Grating Gate InP-HEMTs,"
IPRM: Int. Conf. on Indium Phosphide and Related Materials, ThD1-4, Kobe, Japan, May 23,
2013.

T. Otsuji, T. Watanabe, S. Boubanga Tombet, T. Suemitsu, D. Coquillat, W. Knap. D. Fateev,
and V. Popov, "Asymmetric dual-grating gate InGaAs/InAlAs/InP HEMTs for ultrafast and
ultrahigh sensitive terahertz detection," IPRM: Int. Conf. on Indium Phosphide and Related
Materials, ThD1-1, Kobe, Japan, May 23, 2013. (invited)

T. Watanabe, A. Satou, T. Suemitsu, W. Knap. V.V. Popov, and T. Otsuji, "Plasmonic Terahertz
Monochromatic Coherent Emission from an Asymmetric Chirped Dual-Grating-Gate
InP-HEMT with Highly Asymmetric Resonant Cavities," ISCS: Int. Symp. on Coumpound
Semiconductors, TuC4-5, Kobe, Japan, May 21-24, 2013.

T. Otsuji, T. Watanabe, S. Satou, V. Popov, and V. Ryzhii, "Graphene active plasmonic
metamaterials for new types of terahertz lasers," SPIE-DSS: SPIE Conf. on Defense,
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52.

Security+Sensing, DS203 Conf. on “Terahertz Physics, Devices, and Systems VII: Advance
Application in Industry and Defense,” 8716-24; Proc. SPIE, vol. 8716, pp. 87160P-1-12,
Baltimore, MD, USA, April 29 - May 3, 2013. (invited)

T. Otsuji, T. Watanabe, S. Boubanga Tombet, A. Satou, V. Ryzhii, V. Popov, and W. Knap,
"Emission and detection of terahertz radiation using two dimensional plasmons in
semiconductor nano-heterostructures for nondestructive evaluations," SPIE-DSS: SPIE Conf.
on Defense, Security+Sensing, DS109 Conf. on “Multifunctional and Adaptive Structural
Materials,” 8725-13; Proc. SPIE, vol. 8725, pp. 87250F-1-16, Baltimore, MD, USA, April 29 -
May 3, 2013. (invited)

T. Watanabe, Y. Kurita, S. Boubanga Tombet, T. Suemitsu, T. Otsuji, D. Coquillat, W. Knap, D.
Fateev, V.V. Popov, H. Minamide, H. Ito, and Y. Meziani, "Asymmetric dual-grating gate
InGaAs/InAlAs/InP HEMTs for ultrafast and ultrahigh sensitive terahertz detection," GSMM:
6th Global Symposium on Millimeter-Waves, M4-6, Sendai, Japan, April 22, 2013.

A. Satou, V. Ryzhii, T. Otsuji, M. Ryzhii, V. Mitin, and M.S. Shur, "Graphene terahertz lasers:
injection versus optical pumping," GSMM: 6th Global Symposium on Millimeter-Waves, M4-5,
Sendai, Japan, April 22, 2013.

T. Otsuji, A. Satou, S.A. Boubanga Tombet, M. Ryzhii, V. Ryzhii, "Terahertz-wave generation
using graphene -toward the creation of graphene injection lasers," OTST: International
Conference on Optical Terahertz Science and Technology, FI1B-1, Kyoto, Japan, April 1-5, 2013.
(invited)

Y. Kurita, G. Ducournau, K. Kobayashi, Y. Meziani, V. Popov, W. Knap, and T. Otsuji,
"Ultrahigh sensitive terahertz detection by asymmetric dual-grating gate HEMT structure,”
OTST: International Conference on Optical Terahertz Science and Technology, F2B-3, Kyoto,
Japan, April 5, 2013.

T. Watanabe, A. Satou, T. Suemitsu, W. Knap, V. Popov and T. Otsuji, "Plasmonic terahertz
monochromatic coherent emission from an asymmetric chirped dual-grating-gate
InAlAs/InGaAs/InP HEMT with highly asymmetric resonant cavities,” OTST: International
Conference on Optical Terahertz Science and Technology, Th3-26, Kyoto, Japan, April 4, 2013.

V. Ryzhii, T. Otsuji, M. Ryzhii, V. Mitin and M.S. Shur, "Terahertz detectors and photomixers
based on double-graphene-layer structures utilizing plasma resonances," OTST: International
Conference on Optical Terahertz Science and Technology, Th3-04, Kyoto, Japan, April 4, 2013.

D. Coquillat, Y. Kurita, K. Kobayashi, F. Teppe, N. Dyakonova, D. But, L. Tohme, P. Nouvel, St.
Blin, J.  Torres, A. Pénarier, T. Otsuji and W. Knap, "Sub-threshold attenuation of terahertz
detection by asymmetric dual-grating gate HEMT structures," OTST: International Conference
on Optical Terahertz Science and Technology, W4-15, Kyoto, Japan, April 3, 2013."

G. Ducournau, Y. Kurita, K. Kobayashi, Y. Zapart, J.-F. Lampin, and T. Otsuji, "Sub-THz
scalar/vector imaging for objects inspection," OTST: International Conference on Optical
Terahertz Science and Technology, W4-10, Kyoto, Japan, April 3, 2013.

Alkira Satou, Yuuki Kurita, Taiichi Otsuji and Victor Ryzhii, "Terahertz population inversion
and negative dynamic conductivity in optically pumped graphene: dependence on pumping
photon energy," OTST: International Conference on Optical Terahertz Science and Technology,
W3B-6, Kyoto, Japan, April 2, 2013.
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Quantum-Optical Information Technology
(K.Edamatsu, H.Kosaka and Y. Mitsumori)

. AFERVCEFRRBERMOMZ
Quantum info-communication technology using photons
FEACEUMAIBR G IR FEREA VBT H DI TORE - M EEEREL
TWd, £io, BEBEEICBIT 2HE—NT L NV TOIEERBYE, T OREDET
BIEIT BT S RE-FELORHEEMEBIRICDWTHIZE L T 3,
We investigate the generation and detection technique of entangled photon pairs using
semiconductor and quasi-phase-matched (QPM) nonlinear optical materials. Also investigated are
the optical nonlinearity of waveguide media at a single-photon level and the error-disturbance
uncertainty relation in quantum measurement of photon polarization.
. BFPROIZODEFAT 1+ 7TER
Quantum state transfer for quantum repeaters
BTEAGEREICB SEEER 2 REIYICHEKT 5720 0B FHMEROERZERLE
T - BTACECHDBTFAT 4 7 EMELTD BT NA ADOBREET> TN 5,
We investigate quantum media conversion from a photon to an electron spin for quantum
repeaters to extend the transmission distance of quantum info-communication.
FEEEF Py FERVWEETFERAES
Semiconductor quantum dots for quantum info-communication
BEFEHREGFAOISA Z B8 U, P8R T Ry S OJEtES L OB TS0 E %
MoEl Tna,
We investigate the spectroscopic and quantum optical properties of semiconductor quantum dots
in view of quantum info-communication technology.
G ERIE D!
K. Asakura, Y. Mitsumori, H. Kosaka, K. Edamatsu, K. Akahane, N. Yamamoto, M. Sasaki, and
N. Ohtani, “Excitonic Rabi oscillations in self-assembled quantum dots in the presence of a local
field effect”, Phys. Rev. B 87, 241301(R)/1-4 (2013).
S.-Y. Baek, F. Kaneda, M. Ozawa, and K. Edamatsu, “Experimental violation and reformulation
of the Heisenberg's error-disturbance uncertainty relation”, Sci. Rep. 3, 2221/1-5 (2013).
R.-B. Jin, J. Zbang, R. Shimizu, F. kaneda, Y. Mitsumori, H. Kosaka, and K. Edamatsu,
“Entangled state generation with an intrinsically pure single-photon source and a weak coherent
source”, Phys. Rev. A 88, 012324/1-4 (2013).
N. Yokoshi, H. Imamura, and H. Kosaka, “Creation of entangled spin qubits between distant
quantum dots”, Phys. Rev. B 88, 155321/1-4(2013).
F. Kaneda, S.-Y. Baek, M. Ozawa, and K. Edamatsu, “Experimental test of error-disturbance
uncertainty relations by weak measurement”, Phys. Rev. Lett. 112, 020402/1-5 (2014).
S. Matsuura, Y. Mitsumori, H. Kosaka, K. Edamatsu, K. Miyazaki, D. Kim, M. Nakayama, G.
Oohata, H. Oka, H. Ajiki, and H. Ishihara, “Observation of bound and antibound states of cavity
polariton pairs in a CuCl microcavity”, Phys. Rev. B 89, 035317/1-6 (2014).
T. Inagaki, H. Kosaka, Y. Mitsumori, and K. Edamatsu, “Process tomography of coherent state

transfer from light polarization to electron spin polarization in a semiconductor”, Phys. Re. B 89,
085311 (2014).
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F. Kaneda, S.-Y. Baek, M. Ozawa, and K. Edamatsu, “Experimental Test of Error-Disturbance
Uncertainty Relations by Weak Measurements”, The 10th Rochester Conferences on Coherence
and Quantum Optics (CQO-V) / The 2nd Quantum Information and Measurement Meeting
(QIM), W6.10, Rochester, USA, June 17-20, 2013.

S.-Y. Baek, F. Kaneda, M. Ozawa, and K. Edamatsu, “Experimental test of error-disturbance
relations in generalized photon-polarization measurements”, The 10th Rochester Conferences on
Coherence and Quantum Optics (CQO-V) / The 2nd Quantum Information and Measurement
Meeting (QIM), W6.12, Rochester, USA, June 17-20, 2013.

K. Edamatsu, S.-Y. Baek, F. Kaneda, and M. Ozawa, “Error-disturbance uncertainty relations in
generalized photon polarization measurements”, 20th Central European Workshop on Quantum
Optic, I-27, (invited), Stockholm, Sweden, June 16-20, 2013.

Hideo Kosaka, Takahiro Inagaki, Yasuyoshi Mitsumori, and Keiichi Edamatsu, “Process
Tomography of Coherent State Transfer from Light Polarization to Electron Spin Polarization in
a Semiconductor”, The 10th Conference on Lasers and Electro-Optics Pacific Rim (CLEO-PR
2013), MG2-5, Kyoto, Japan, June 30-July 4, 2013.

Naeko Niikura, Hideo kosaka, Naofumi Abe, Yasuyoshi Mitsumori, Keiichi Edamatsu,
“Magneto-optical double resonance of a single NV center in diamond for photon-spin state
transfer”, The 10th Conference on Lasers and Electro-Optics Pacific Rim (CLEO-PR 2013),
WPG-1, Kyoto, Japan, June 30-July 4, 2013.

Hideo Kosaka, Takahiro Inagaki, Yasuyoshi Mitsumori, and Keiichi Edamatsu, “Process
Tomography of Coherent State Transfer from Light Polarization to Electron Spin Polarization in
a Semiconductor”, Seventh International School and Conference on Spintronics and Quantum
Information Technology (Spintech VII), Chicago, USA, July 29-Augast 2, 2013.

Hideo Kosaka, Naeko Niikura, Naofumi Abe, Yasuyoshi Mitsumori, Keiichi Edamatsu,
“Photon-spin conversion in a single NV center in diamond”, Seventh International School and
Conference on Spintronics and Quantum Information Technology (Spintech VII), Chicago, USA,
July 29-Augast 2, 2013.

K. Edamatsu, S.-Y. Baek, F. Kaneda, and M. Ozawa, “Experimental test of error-disturbance
uncertainty relations in generalized photon polarization measurements”, 5th Conference on
Quantum Information and Quantum Control, (invited), Tronto, Canada, Augat 12-16, 2013

Hideo Kosaka, Naeko Niikura, Naofumi Abe, Yasuyoshi Mitsumori and Keiichi Edamatsu,
“Photon-spin interaction in a single NV center in diamond”, 20a-M4-2, 2013 JSAP-MRS Joint
Symposia, Kyoto, Japna, September 16-20, 2013.

K. Edamatsu, S.-Y. Baek, F. Kaneda, and M. Ozawa, “Experimental test of error-disturbance
uncertainty relations by weak measurement”, The 5th Nagoya Winter Workshop on Quantum
Information, Measurement, and Foundations, (invited), Nagoya, Japan, March 3-7, 2014
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C1 F/AFTNAR (BEFEX - KHERS)

Nano-Molecular Devices(M. Niwano and Y.Kimura)

BEDFTNARORE - RED T/ 7 — IV - i
Nanometer-scale analysis and control of surfaces and interfaces of organic molecular
devices

BT NA ADRE - RETOBRKEF ) A7 —)V TR L. TOEEFREZRHATS
ZERED, ZNoEHIEL. BETNA ZOEEZR EX V2200 %ETo T
z

o

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.

FEGRERA N E A SRR

Biodynamic analysis on a semiconductor surface

Si P GaAs FEARRA LITHBNT, MlES2 X< E, DNA iz & OEFRYE 2 R
TEZ W TRIREICHI U, EERIEREORT 2175 T 5,

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 TR VT - DRT LAOWMFRF

Research and development of a high-sensitive bio-sensing system

IR NEEE R W TR TEBRZEZ A NS ICERDE 2 SR E BT 2720011
T2l AT LDORFEETO 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.

P EER @I E AN/ TN ADOBRFEHR
Research and development of fabricating nanodevices using anodization processes
by TEY L TOv A EBBBRIGERZHAGHOE D LI DT/ FNA ZADIER
BT 5T E T o T2,
We have investigated fabrication of nanodevices by using both top-down processes and
anodization processes.

EER RN Rl

Research and development of dye-sensitized solar cells

B % OBIILFENFRCRSEE L2V BEOIFERB I OZ0OIEA T T
W5, FFIZ, BAECICE DR L2 TiO: -/ F 2 — 7 O AEEEKEEE M (DSSC)
JERIZDWTHIZEL T 5,

We have investigated fabrication and application of nanostructures using electrochemical
processes such as anodization. Especially, we have applied TiO, nanotubes fabricated by
anodization to dye-sensitized solar cells (DSSC).

(e amoC]

Y. Aonuma, Y. Kondo, A. Hirano-Iwata, A. Nishikawa, Y. Shinohara, H. Iwata, Y. Kimura and M.
Niwano, “Label-free and real time monitoring of adipocyte differentiation by surface infrared
spectroscopy”, Sens. Actuators B 176 (2013) 1176-1182.

Katsurabayashi, Shutaro; Aonuma, Yuki; Kubo, Natsuko; et al., “The growing area of cultured
astrocytes determines the axonal arborization and glutamatergic synapse formation for a given
single neuron”, Journal Of Physiological Sciences 63(2013) S126-S126.
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Y. Kimura, S. Kimura, R. Kojima, M. Bitoh, M. Abe, and M. Niwano, “Micro-scaled hydrogen
gas sensors with patterned anodic titanium oxide nanotube film”, Sens. Actuators B 177 (2013)
1156-1160.

A. Oshima, Ayumi Hirano-Iwata, Hideki Mozumi, Yutaka Ishinari, Yasuo Kimura, and Michio
Niwano,, “Reconstitution of Human Ether-a-go-go-Related Gene Channels in Microfabricated
Silicon Chips”, Anal. Chem., 85(2013) 4363-4369.

Ma, Teng; Zhang, Jinyu; Kojima, Ryota; et al., “Investigation of TiO, Surface Modification with
[6,6]-Phenyl-C-61-butyric Acid for Titania/Polymer Hybrid Solar Cells”, Japanese Journal of
Applied Physics 52 (2013) 112301.

Ichiro Sakurai, Shigeru Kubota and Michio Niwano, “The onset and closure of critical period
plasticity regulated by feedforward inhibition”, Neurocomputing (in press).

Ichiro Sakurai, Shigeru Kubota and Michio Niwano, “A model for ocular dominance plasticity
controlled by feedforward and feedback inhibition”, IEICE Trans.
Fundamentals/Commun./Electron./Inf. & Syst., (in press).

Ayumi Hirano-Iwata; Ryosuke Matsumura; Ryuta Tezuka; Michio Niwano; Tim V. Bliss; Masao
Sugawara, “A model for ocular dominance plasticity controlled by feedforward and feedback
inhibition”, Electrochemistry Communications (in press).

(EBRAmTER]
1.

Yasuo Kimura, El Fassy Fihry Mehdi, Taka-aki Miya, Tsubasa Tobe, Ryota Kojima, and Michio
Niwano, “Deposition of Homogeneous Gold Nanoparticles on rough TiO2 Surface through the
Electrochemical Method”, 12th International Conference on Atomically Controlled Surfaces,
Interfaces and Nanostructures, Tsukuba International Congress Center, 2013, Nov. 4-8.

Daisuke Tadaki, Teng Ma, Jinyu Zhang, Shohei lino, Yasuo Kimura, Michio Niwano,
“Investigation of Carrier Behavior in FATCNQ-Doped P3HT Layer and Its Application to
Electrodes of Organic Thin Film Transistors”, 12th International Conference on Atomically
Controlled Surfaces, Interfaces and Nanostructures, Tsukuba International Congress Center, 2013,
Nov. 4-8.

Shohei lino, Daisuke Tadaki, Yasuo Kimura, Michio Niwano, “Effect of slow-cooling on
field-effect mobility in P3HT films”, 12th International Conference on Atomically Controlled
Surfaces, Interfaces and Nanostructures, Tsukuba International Congress Center, 2013, Nov. 4-8.

Tsubasa Tobe, Ryota Kojima, Yasuo Kimura, Michio Niwano, “Effect of hydrogen treatment on
characteristics of micro hydrogen gas sensors using titanium oxide nanotube”, 12th International
Conference on Atomically Controlled Surfaces, Interfaces and Nanostructures, Tsukuba
International Congress Center, 2013, Nov. 4-8.

Ryota Kojima, Y. Kimura, and M. Niwano, “Influence of the electrolyte composition on formation
process of anodic titanium oxide nanotube films”, 12th International Conference on Atomically
Controlled Surfaces, Interfaces and Nanostructures, Tsukuba International Congress Center, 2013,
Nov. 4-8.

Yasuo Kimura, El Fassy Fihry Mehdi, Taka-aki Miya, Tsubasa Tobe, Ryota Kojima, and Michio
Niwano, “Electrochemical deposition of gold nanoparticles on rough TiO2 surfaces”, 224th ECS
Meeting, San Francisco, CA, USA, 2013, Oct. 27-Nov. 1.

Shohei lino, Daisuke Tadaki, Teng Ma, Jinyu Zhnag, Yasuo Kimura Michio Niwano,
“Improvement of field-effect mobility of P3HT films by slow cooling in annealing process”,
224th ECS Meeting, San Francisco, CA, USA, 2013, Oct. 27-Nov. 1.

Tsubasa Tobe, Ryota Kojima, Yasuo Kimura, Michio Niwano, “Effect of Hydrogen Treatment On
Characteristics of Titanium Oxide Nanotube Micro Hydrogen Gas Sensors”, 224th ECS Meeting,
San Francisco, CA, USA, 2013, Oct. 27-Nov. 1.

188



10.

11.

12.

13.

14.

15.
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17.

Ryota Kojima, Y. Kimura, and M. Niwano, “Influence of the electrolyte composition on formation
process and morphology of anodic titanium oxide nanotubes”, 224th ECS Meeting, San Francisco,
CA, USA, 2013, Oct. 27-Nov. 1.

Yasuo Kimura, “Fabrication of a micro gas sensor using an anodic titanium oxide nanotube film”,
Frontier 2013, Sendai, Japan, 2013, Dec. 2-5.

Yasuo Kimura, Shota Kimura, Ryota Kojima, and Michio Niwano, “Fabrication of Titanium
Oxide Nanotube Micro Gas Sensors through Local Anodization of Titanium Microwires”, The
14th International Conference on the Formation of Semiconductor Interfaces, Gyeongju, Korea,
2013, Jun. 30-Jul.5.

Daisuke Tadaki, Teng Ma, Jinyu Zhang, Shohei Iino, Yasuo Kimura, Michio Niwano Fabrication
of organic thin film transistors using a molecular doping and investigation of its carrier transfer
characteristic”, The 14th International Conference on the Formation of Semiconductor Interfaces,
Gyeongju, Korea, 2013, Jun. 30-Jul.5.

Yasuo Kimura, El Fassy Fihry Mehdi, Taka-aki Miya, Tsubasa Tobe, Ryota Kojima, and Michio
Niwano, “Homogeneous Deposition of Gold Nanoparticles on Rough Titanium Oxide Surfaces by
Electrochemical Process”, 2013 International Conference on Solid State Devices and Materials
(SSDM 2013), Sept. 24-27, Hilton Fukuoka Sea Hawk, Fukuka, Japan, 2013.

Ichiro Sakurai, Shigeru Kubota, Michio Niwano, “The Role of Correlated Inhibitory Cell Firing”,
Brain and Health Informatics, Maebashi, 2013, Oct. 29-31.

Ichiro Sakurai, Shigeru Kubota, Michio Niwano, “Correlated Inhibitory Firing and
Spike-timing-dependent Plasticity”, International Comference of Neural Information Processing,
Daegu, Korea, 2013, Nov. 3-7.

Ryosuke Matsumura, Ayumi Hirano-Iwata, Yasuo Kimura and Michio Niwano, “An
electrochemical method for monitoring L-glutamate locally released by weak electrical stimuli”.,
Materials Reseach Society Fall Meeting, Boston’s Hynes Convention Center and Sheraton Boston
Hotel, 2013, Dec.1-6.

Ryosuke Matsumura, Ayumi Hirano-Iwata, Yasuo Kimura and Michio Niwano, “ Simultaneous
Recording Method for Monitoring L-Glutamate Release and field-Excitatory Postsynaptic
Potentials”, Innovative Research for Biosis-Abiosis Intelligent Interface Symposium, 2014, Jan.
21.
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"Nanomaterials with charged quantum dots for solar energy conversion and
advanced sensing applications"
Vladimir Mitin (Dept. Electrical Eng., University at Buffalo, USA)

% 68[H ERL 254 6 A 27 H  15:00 - 16:00
"On the Possible Generalization of TFT and ULSIC Technologies"
Yue Kuo (Texas A&M University, USA)
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"Digital implementation of multimodel bioinspired spiking neural networks based
on SIMD and AER"
Jordi Madrenas (Technical University of Catalunya, Spain)
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Program
February 21 (Friday)

13:30 - 13:35 Opening Remarks

M. Niwano, Tohoku Univ., Japan

Session 1 (Chair: N. Katayama)

13:35 - 14:05  [S1-1] Nanoelectronic devices and -materials for neuroscience

A. Offenhiuser, Jielich research center, Germany

14:05 - 14:25  [S1-2] Intrinsic activity of defined neuronal networks in culture

H. Yamamoto, T. Tanii, Waseda Univ.,, Japan

14:25 - 14:45  [S1-3] The number of astrocytes is critical for the synaptic transmission
in a single cultured neuron

S. Katsurabayashi, T. Hoshiyama, S. Iwamoto, Y. Aonuma, N. Kubo, M.
Kubo, K. Takasaki, K. Kubota, K. Mishima, M. Fujiwara, M. Niwano, K.
Iwasaki, Fukuoka Univ., Japan

14:45 - 15:00 Break (15 min)

Session 2 (Chair: N. Onizawa)

15:00 - 15:20  [S2-1] A role of activity-dependent competition in regulating the critical period of
cortical plasticity

S. Kubota, I. Sakurai, M. Niwano, Yamagata Univ., Japan

15:20 - 15:40  [S2-2] Chaotic Boltzmann machines: Deterministic implementation of stochastic
neural networks

H. Suzuki, Univ. of Tokyo, Japan

15:40 - 16:10  [S2-3] Resilient and energy efficient memories based on neuro-inspired codes

V. Gripon, Télécom Bretagne, France

16:10 - 16:25  Break (15 min)
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16:25 - 17:25 - Poster Session (@ Room A405)  ---

[P-1] Live-cell, label-free identification of excitatory-inhibitory neurons in culture using surface
micropatterns

S. Kono, H. Yamamoto, T. Kushida, T. Tanii, Waseda Univ., Japan
[P-2] Computational analysis of selective recruitment for subcortical nerve fibers

by smooth biphasic
waveforms

A. Ueno, N. Katayama, A. Karashima, M. Nakao, Tohoku Univ., Japan

[P-3] Axon guidance of cultured hippocampal neurons based on microcontact printing
H. Takaoki, S. Osanai, A. Hirano-Iwata, Y. Kimura, M. Niwano, Tohoku Univ., Japan

[P-4] A current-sampling method for simultaneous L-glutamate and field potential recordings
in mouse hippocampal slices
R. Matsumura, R. Tezuka, A. Hirano-Iwata, M. Niwano, M. Sugawara, T. V. P. Bliss,
Tohoku Univ., Japan

[P-5] Reconstitution and characterization of human ether-a-go-go-related gene channels in
micofabricated silicon chips
Y. Ishinari, A. Hirano-Iwata, Y. Kimura, M. Niwano, Tohoku Univ., J apan

[P-6] Period tuning of the optokinetic response: A new cerebellar dependent predictive motor
learning?

S. Miki, B. Robert, Y. Hirata, Chubu Univ., Japan

[P-7] An integrated circuit system for multi-channel current stimulations on neuronal circuits

S. Kameda, Y. Hayashida, D. Akita, Y. Tanaka, T. Yagi, Osaka Univ,, Japan

[P-8] A system for solving optimization problems using the inverse function delayless neuron

model

Y. Watanabe, Y. Hayakawa, S. Sato, K. Nakajima, Toho Univ., Japan
[P-9] Optimal scheduling of a disruption tolerant network using a neural network

D. Sasaki, Y. Hayakawa, S. Sato, K. Nakajima, Toho Univ., Japan

18:30 - 20:30  Banquet
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February 22 (Saturday)

9:00 -

9:20 -

9:40 -

10:00 -

10:15 -

10:35 -

10:55 -

11:10 -

11:40 -

12:00 -

9:20

9:40

10:00

10:16

10:356

10°55

11:10

11:40

12:00

12:05

Session 3 (Chair: S. Kubota)

[S3-1] Hippocampal EEG activity of freely behaving mouse in the
virtual environment

N. Katayama, K. Hidaka, T. Araya, A. Karashima, M. Nakao,
Tohoku Univ., Japan

[S3-2] Network mechanisms of high-frequency oscillation in the hippocampus

H. Kamiya, Hokkaido Univ., Japan

[S3-3] Microfabricated silicon chips for recording hERG channel activities

A. Hirano-Iwata, Y. Ishinari, Y. Kimura, M. Niwano, Tohoku Univ., Japan

Break (15 min)

Session 4 (Chair: S. Katsurabayashi)

[S4-1] Simulation of oculomotor control and learning by a large scale
spiking cerebellar neuronal network model

K. Inagaki, Y. Hirata, Chubu Univ., Japan

[S4-2] Dynamical simulation of retinal ganglion cell responses to natural scenes

T Yagi, T. Sanada, H. Okuno, R. Ishida, J. Hasegawa, N. Nakashima,
Osaka Univ., Japan

Break (15 min)
Session 5 (Chair: K. Nakajima)

[S5-1] Holistic pattern processing in large-scale cortical network models

P. Herman, Royal Institute of Technology, Sweden

[S5-2] Silicon neuron using stochastic logic

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

Closing Remarks

K. Nakajima, Tohoku Univ., Japan
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Program

March 5 (Wednesday)

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

13:30 ~ 13:35

Opening Remarks
Michio Niwano (Tohoku University, Japan)

(Chair: Toshio Ogino )

13:35 ~ 14:20
14:20 ~ 14:40
14:40 ~ 15:00
15:00 ~ 15:20
15:20 ~ 15:30

Self-organized TiO, nanotube arrays: Latest features and applications
Patrik Schmuki (University of Erlangen Nuremberg, Germany)

Formation of an anodic titanium oxide nanotube film and its application to a
front-illuminated dye-sensitized solar cell

Ryota Kojima, Teng Ma, Yasuo Kimura, and Michio Niwano (Tohoku University,
Japan)

Fabrication of highly ordered structure in TiO, nanotubes for hybrid solar cells
Teng Ma, Ryota Kojima, Daisuke Tadaki, Yasuo Kimura, and Michio Niwano
(Tohoku University, Japan)

Metal-supported titanium oxide nanotube micro gas sensors
Yasuo Kimura (Tohoku University, Japan)

Coffee break

(Chair: Yasuo Kimura)

15:30 ~ 16:00
16:00 ~ 16:30
16:30 ~ 16:50
16:50 ~ 17:10

Functional Applications of Nanostructured Silicon
Nobuyoshi Koshida (Tokyo University of Agriculture and Technology, Japan)

Reliable Metaldeposition into TiO, Nanotubes and Use in Interdigitated Electrode
Structures
Ning Liu, and Patrik Schmuki (University of Erlangen-Nuremberg, Germany)

Growth and functionalization of low-dimensional nanocarbons by advanced
plasma processing
Toshiaki Kato, Bin Xu, Hiroo Suzuki, Toshiro Kaneko (Tohoku University, Japan)

Self-Shaping Deposition of Monolayer Graphene Oxide Flakes on Chemically
Modified Surfaces
Toshio Ogino and Toshiyuki Takami (Yokohama National University, Japan)
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March 6 (Thursday)

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

(Chair: Yasuo Kimura)

9:00 ~9:30 Interaction of spin polarized electrons with adsorbed chiral molecules: reactions
and transport
Richard Rosenberg (Advanced Photon Source, Argonne National Laboratory,
Argonne, IL, USA)

9:30 ~9:50 Excitation of light emission by electron tunneling in the THz spectral range
T. Tsunoda, S. Katano, and Y, Uehara (Tohoku University, Japan)

9:50 ~ 10:10 Tunable preparation of graphene oxide and its metal nanoparticle composites
Yuta Nishina'* ("RCIS Okayama University, 2JST PRESTO, Japan)

10:10 ~ 10:30 Room temperature atomic layer deposition of oxide films on flexible materials
F. Hirose, K. Kanomata, S. Kubota, and K. Hirahara (Yamagata University, Japan)

10:30 ~ 10:40 Coffee break

(Chair: Ko-ichiro Miyamoto)

10:40 ~ 11:10 Tools for chip-based recording and stimulation of neuronal network activity
Philipp Rinklin', Martin Hiiske’, Alexey Yakushenko', Cony Herrera!, Kay
Krause', Anna Czeschik', Enno Kitelhdn!, Andreas Offenhiusser'?, and Bernhard
Wolfrum"? ('Institute of Bioelectronics (PGI-8/ICS-8) and JARA—Fundamentals
of Future Information Technology, Forschungszentrum Jiilich, Germany, “IV.
Institute of Physics, RWTH Aachen University, Germany)

11:10 ~ 11:30 Microfabricated Si chips with integrated hERG channels as a platform for drug
safety screenings
Ayumi Hirano-Iwata', Yutaka Ishinari', Yasuo Kimura®, and Michio Niwano'?
(‘Graduate School of Biomedical Engineering, Tohoku University, *RIEC, Tohoku
University, Japan)

11:30 ~ 13:00 Lunch
13:00 ~ 14:20 Poster session
(Chair: Shinichiro Umemura)

14:30 ~ 15:00 On the Science of Sonoporation: Biophysical Dynamics and Subcellular Impact
Alfred Cheuk Hang Yu (University Hong Kong, China)

15:00 ~ 15:30 Roles of High-Speed Imaging in Ultrasound-Guided HIFU Treatment
S. Umemura, S. Sasaki, H. Sasaki, R. Takagi, K. Matsura, and S. Yoshizawa
(Tohoku University, Japan)
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15:30 ~ 16:00 High Frame Rate Ultrasonography for Measurement of Tissue Dynamics
Hideyuki Hasegawa and Hiroshi Kanai (Tohoku University, Japan)

16:00 ~ 16:15 Coffee break

(Chair: Ko-ichiro Miyamoto)
16:15 ~ 16:45 Fabrication of fiber optic biosensor based on surface-enhanced Raman scattering

Takashi Katagiri', Masahiro Nagaoka’, Yuji Matsuura®? (*School of Engineering
and *Graduate School of Biomedical Engineering, Tohoku University, Japan)

16:45 ~17:15 Osteoblast and macrophage response to hydroxyapatite and alpha-type alumina
adsorbed with bovine serum albumin
M. Kawashita', J. Hayashi’, T. Kudo? and H. Kanetaka® (‘Graduate School of
Biomedical Engineering and *Graduate School of Dentistry, Tohoku University,
Japan)

17:15~17:45 Recent developments and applications of the chemical imaging sensor systems
Tatsuo Yoshinobu (Tohoku University, Japan)
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March 7 (Friday)

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

(Chair: Toshiro Kaneko)

9:00 ~ 9:30

9:30 ~ 10:00

10:00 ~ 10:15

Development of Medical Plasma Equipment for Blood Coagulation as a Novel
Minimally Invasive Treatment

Hajime Sakakita', Yuzuru Ikehara', Nobuyuki Shimizu?, Satoru Kiyama', Sanae
Ikehara', Jacho Kim!, Hayao Nakanishi’ (‘National Institute of Advanced
Industrial Science and Technology (AIST), Japan, “SANNO Hospital,
International University of Health and Welfare, Japan, *Aichi Cancer Center
Research Institute, Japan)

Control of Cell Membrane Transport Using Atmospheric Pressure
Non-Equilibrium Plasma

Toshiro Kaneko', Shota Sasaki', and Makoto Kanzaki (‘Department of Electronic
Engineering and “Department of Biomedical Engineering, Tohoku University,
Japan)

Coffee break

(Chair: Masashi Sahashi)

10:15 ~ 10:45
10:45 ~ 11:15
11:15~11:45
11:45 ~13:15

Multifunctional Fe;O4~-ZnO Core-Shell Nanocrystals for Dendritic Cell-based
Cancer Immunotherapy

Young Keun Kim (Korea University, Korea)

Study of Biological Applications using Nanostructures: AFM based Nano-Bio
Applications
Yu Jin Kim (Korea University, Korea)

Structure and dynamics on submicron scales in Phosphatidylinositol-Containing
Supported Lipid Bilayers

Ryugo Tero', Toshinori Motegi', Kingo Takiguchi’, Yohko Tanaka-Takiguchi®

(* Toyohashi University of Technology, Japan, “Nagoya Univ., Japan)

Lunch

(Chair: Masashi Sahashi)

13:15~13:45

Voltage Controlled Magnetization Switching with Magnetoelectric (ME) Effect in
Sesquioxide

Tatsuo Shibata', Takuya Ashida’, Michihiro Oida?, Naoki Shimomura®, Tomohiro
Nozaki’, Atsuo Ochi’, and Masashi Sahashi® (‘Advanced Technology
Development Center, TDK Corporation, Japan, Tohoku University, Japan)
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13:45 ~ 14:15
14:15 ~ 14:45
14:45

Anisotropic magnetoresistance of Co/Pt nano-contacts
Muftah Al-Mahdawi, Yohei Shiokawa, and Masashi Sahashi (Tohoku University,
Japan)

Study on Tunneling Magneto-Resistance in Hexagonal Mg,Zn;.,O based MTJs
Prepared by Molecular Beam Epitaxy

M. Belmoubarik', H. Sato', T. Nozaki', H. Endo?, and M. Sahashi’ (‘Tohoku
University, “Iwate Industrial Research Institute, J apan)

Closing
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