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3. FH 23 FEDHREBRERD /NS
Highlights of Research in FY2011
Wi e FE R & R HAFFEEE O TpR 23 FEOHFERRONA T 1 b2 LET .
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Atomically Controlled Processing and nano integration

® 7/ ~AFo7otR (ZAEE— - #EHX)
Atomically Controlled Processing (J. Murota and M. Sakuraba)

IV R SR AT OGO EHIH & & F v 1) TIREALDO O O BB HELE U TR Z
D, LN T ORER Z BTz, (1)BCVD 70 AIZ K S E SijGey L OBE( & Z D LD E SijGex
FryvTHEIEYF Y IIRERICIAZNEFERF-—ESFIZDWTHRZED R, FF4—
& TEEAL LTz SigsGeo7(100) Z 400 °C THMUEEY 5 &, SHNyERATSEERITH D Z Lz R
72U7z. (2) SijGey® CVD HERGEEES Si ~D B R—¥ 27/ O KSHEEE K7 OBEKRMVIENE
LRI 1% EDORTENRELREEEH5Z25—-H, € S0 LI EY F o v IVRESE
72 B F—7% Si1Ge IZHB1T 5 B OBKANEERICIIR TRITFIEAEEREEZ W &2
HSMI Lz, (3) MGelb#E L EHIZFH /) A—MF—FEOANTORENNE LD ETE
fig SiGe R F > FINFRFIZBITLEEN SRR E TOMETHIDFHEN S, BT+ —4FTOA
T OGS EEAAE R & & B ICEEBEM B OB AN AR EL DT EE R,

In order to create atomically controlled processing for nanometer-order artificial heterostructures of
group IV semiconductors, following experimental results have been obtained: In thermal treatment of
atomic-order nitrided Sig3Gey-(100) at 400 °C, Si;N, is dominantly formed at the surface. (2) Although
Si|«Gey deposition rate on Si(100) and electrical activity of B atoms in B-doped Si(100) are changed by
strain in Si(100), electrical activity of B atoms in strained B-doped Si,.«Ge, on Si(100) is scarcely affected
by strain in Si(100). (3) From thermionic emission characteristics of p-type resonant tunneling diode of
strained SiGe/Si(100) with high Ge fraction, introduction of higher-barrier materials as well as
atomic-order flatness control of heterointerface is important to improve resonant tunneling characteristics.

@ MF/EHERTA (PERA - EEEXE)
Intelligent Nano-Integration System (K.Nakajima and S.Sato)

(1) LS OBHUR TEBTT IV E W RTETNAEEG RO 2 M WT. 7 7 5« 7 % FF
DORT vy WTHIBENZ AT ADRFEDON—ZA P RKERER Lz, £/, 8BRFTA
A EFF OV EEBCRIE = 2 — 0 T )L OIS A B ENOE M 2 ik A, TOEHEEEER L.
(2) Nb/AIOx/Nb 22 a7 AAEGHIDA A wF 2 7TEtE &2 | B ERRRE S I 21 —4 JSIM %
ffio TRz, ZOMREEBEREZLEBEL ., EREROANMIDZNITKENWAA v F U THER
BRI ZEMNGMhoTz. RGBS IR L-DICITE FRECFERBRORENARIIRTH
HIEEMRELRE.Q) BRYET + P INEBUMREO KRB E@mNA TAY—2 b2 B
EL. 8x8Eyw MEFFREIOMMEREL THWSEND, FEAGM )L O & )V RIE
P 2 ARAER S ETEN L2, FORE. ETOEMZ EIVBEERENE S N, KBBEEER%
FHZ BT 51 2 7RG OIBEHBESN/2, o, BRERTTHITNTAICELS 2 2a—0%
TEFA LY T 74 =)V RESXY hT—=2OMKRTIE, —a—0rETOMEREo%EC
& 0 N-Queen [ D EMRZEDN L9 5 Z & A2 BUEMNTICEL D R L7z,

(1) We have analyzed burst dynamics bound by potential with active areas by using a new concept virtual
particle dynamics. Furthermore, we have tried to apply an inverse function delayed neuron model with
high-order synapse connections to practical applications, and we have demonstrated the possibilities of
them. (2) We studied the switching characteristics of stacked Nb/AlOx/Nb Josephson junctions with JSIM,
which is a simulator for superconducting integrated circuits, and compared the results with experimental
data. It has been found that the experimental data indicates much larger switching probabilities. We



confirmed that it is necessary to identify electron temperature and stray capacitances for consistency with
conventional theory. (3) We measured characteristics of electrical delay and high-speed operations in logic
cell units for a superconducting 8-bit parallel multiplier. As a result, details of delay characteristics of logic
cells were obtained by measurements of fabricated circuits. Meanwhile, we improved a threshold
characteristic in the superconducting quantum interference device for a neural network solving N-Queens
problem. An increase of the correct pattern ratio of N-Queens problem was confirmed by numerical
simulations.

FEHERAE bO= O AEBRRHTEIE

Semiconductor Spintronics and information technology

@ ¥UGFEAPY FAZSIR-F/REVATEY (KHEBSB - KEHE= - AL - HBEIED)
Semiconductor Spintronics and Nano-Spin Memory
(H. Ohno, Y. Ohno, F. Matsukura, and S. Tkeda)

BFOBEBMEAEL > OHBEZFMNT 2 AE > O A0 OML &Z O TS
ZHEEL THIEZITV. DTFOREZE/-. (1) WESHEERSEAE Qb= > AZELTH
Kicisd &Rl £/ IRESARZEES O, AL SERNICmAZEICK > T
EHA EAER Z RSB LR R0 MK THIEE R LIz, 512, RFWEREAE >
BRI A B SIS R JEE Lz, (2) TEMK RS TE MgO/CoFeB/Ta #1EIZH VT, WX A%
EETT 22 &Ik D, MEEE, ROARA T « 7R AEKZ KDz, (3) MgO/CoFeB/Ta IZ35 1
TEMADNFI L DR GTEOER 2, BRI c LB kTl &zl L.
(4) GaAs/AlGaAs BT HFENR—AET DT ay bF—F 1 F— RIZIESREEZ 0T TR
WEHHERET S 2K D, H—0 GaAs BT Ry b ORGSR SE 2 20w & i Z 83 L.
0722005 EVNIEWEREETORED DN TOERICKI L, (5 BEHMI RS
CoFeB/MgO-MT] 2B W T, FAAERITES YA XMW EEHIEM L, B EMEIL 40 nm
BULOHESY A ZATIEEAEBILLLIENWI EERLZ.(6) AV XZREL LBEERE O
A R—)HEEZEHT S 2 ET, 400CHOBLBICBNWTHERTHEWL TMR LG5 2 &
D353 7z, (7) CoFeB ZHAFES 300nm. Fo#kETEE 100nm 269 2 AT v THHEIZHBNT, KOF
RO B G ERZ MRS L 2 EITRIIL. 10 FLL L ORERIRFFRFR 220k L 7.

- HHENFE

1. HASMRES (BT F— - AE > b0 ZGnBERRIEOUTERTE ) CHWT, 2
Wgeas S U CTLL RO 2472, (1) fiiid CoFeB % FePd & MgO ORICIFAT 5 Z &lCko
T 3nm @ FePd @ L1 BBAIEENSE L, |EERRGET LS —28mE®5 Z &Ikl
7o Q)EEEREE RSN 1x107 erglec EAXY > E > 278 0.006 & Z Hifii T2 L1, % MnAl & 45
1352 LRI L7z, (3)CoFeB/MgO MIfICBWTERAEAHUEZBML . (3) 90 nm
COMS/MT] 70t 2B WNTHEWFE 6T-2MT] A~ ffFE TCAM (ternary content-addressable
memory) 1z )V A3 35 & T8 FPGA(field-programmable gate array) D F TalfEZ 1TV, AT % 72
L7ze (HMTI/CMOS AFEFEME T o [l AAE L 5 iR 600MHz B % 9238 L 7.

2. JCEEREE DRI IT BEREOTZD ORI OERFENFRTH S TEEE - BIEETE
NAEZTNA A« AL —JRBEROMFE] 702y MZBWT, ZEFEE EEHEL T
LT OREEMR . (1) AFT A4 v I TAYERWBHICR D, 2K E Y b OB Z g
LIRS Ry FZE230nm A FICT D0 ENL T ENDN S/, Q) 1F E—LTZ Yy F 2T THE
U7z CoPt % R FOMIENICY A—27 20m BEEA T, 10nm BELAF O Ry + TRES R TET
IV F —IRERI I AR T S Z Ao .

Our research activities focus on the establishment of fundamental technologies for future spintronics
devices. The outcomes in the last fiscal year are following. (1) Discovery of asymmetric nuclear magnetic
resonance spectrum at low magnetic fields in a strained (110) GaAs quantum well. (2) Determination of
domain wall width and exchange stiffness constant by analyzing domain structures in Ta/CoFeB/MgO. (3)
Discovery of larger modulation ratio of magnetic anisotropy by electric filed in annealed Ta/CoFeB/MgO
than as-deposited. (4) Generation of polarization-entangled photons with a high fidelity of 0.72 £ 0.05 from



single GaAs quantum dots by an electric field. (5) Investigation of switching current and thermal stability
in CoFeB/MgO based perpendicular easy axis MTJs (p-MTlJs) with different junction size. (6) Acquisition
of a materials design guideline for annealing-tolerability in the back-end process of CMOS integrated
circuits. (7) Achievement of nonvolatility for system LSI in CoFeB/MgO based p-MTJ with the stepped
structure.

1. Research activities in "Research and development of ultra-low power spintronics-based VLSIs" under
granted by JSPS through the FIRST program. (1) The long range order parameter and perpendicular
anisotropy (K.q~1.8 Merg/cc) were successfully enhanced by inserting CoFeB between 3 0 nm-thick FePd
and MgO barrier. (2) Llg-ordered MnAl films showed a large anisotropy with ~1x 107 erg/cc and a low
damping constant of 0:006. (3) Current-induced effective field was observed in Ta/CoFeB/MgO wire. (4)
Operation of a fully parallel 6T-2MTJ nonvolatile TCAM (ternary content-addressable memory) cell and a
FPGA (field-programmable gate array) cell fabricated by a 90-nm CMOS/MTIJ process was verified. (5)
World’s fastest operation of 600 MHz in a nonvolatile MTJ/COMS latch circuit was verified.

2. Research activities in “High-Performance Low-Power Consumption Spin Devices and Storage Systems™
program under Research and Development for Next-Generation Information Technology of MEXT. (1) In
hard/soft-stacked base media with a [Co/Pt]-super-lattice hard layer and a Co soft layer, the recording dots
smaller than about 30 nm-diameter are required to suppress the formation of multidomain dots. (2) In all
CoPt based dot arrays, uniaxial magnetic anisotropy at dot diameter of 10 nm were nearly half those in the
original continuous films, which results from an etching damage.

@ E70— Ny RESLE (Bids— KAEH)
Ultra-Broadband Signal Processing (T.Otsuji and T.Suemitsu)

REET 5 A~V B SO 2RI T 272012, FibE - FilsE - R A RE L7285 L

MT?“\JI/‘/ﬁfé?T/\’fX DE%/XTA(DEUILH&. ZN6 OEHEE - GHll AT LD
BT 2IFEEHEE L T WD, SERIIR. B2, ERNEDREGORRaF v ) 7 kR

Eﬁ?é%ﬂﬂ7771/éﬁnﬁ%tbscN%;@mﬁmmmmummmmEf k2%

v?ﬂﬂ&bfﬁkbﬁﬁﬁﬁﬁ77l/??¥wHﬁ%T/ Y EBERTHEL. #

zhf:bf“v— NEREMEEZMERR L 7z B }‘E%Fbi@bt.ﬁjr?l/ 2B DT I ERIL
%ﬁmm*%?é@m%ﬂwﬁﬂ % T 5 & EHIC, V77 RBEICKET S+
UT% ERE & T I ALY RIS REOBRZEI S M LTz,

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. We have developed graphene-channel
FET’s featured by novel gate-stack technologies utilizing SiCN or DLC (diamond-like carbon) dielectrics,
which will lead to realization of terahertz transistors. These devices were fabricated at the Laboratory for
Nanoelectronics and Spintronics, RIEC. We have also succeeded in observation of amplified stimulated
emission of terahertz radiation from optically pumped graphene, proving our theoretical discovery of the
possibility of the negative dynamic conductivity in a wide terahertz range, which will lead to new types of
terahertz lasers.

® EFHAEFERITE (BHE— - /MRESB)
Quantum-Optical Information Technology (K.Edamatsu and H.Kosaka)

1. 2 ISR AR S FE IS K 2@ E R T H OIVE T E

2FlD e 5 RN 2 A9 2 UMHESETFEAWTR T HDIVETZ2 &SRB A
THRFERFEL. WAHDWIIEEENCET 2R/ THONNETORELEML L7z (Opt.  Express
e IZFER) o
2. BYIPREDIZDDRET AT 4 7 BT INA ZADBAFE

R EGEAE 12 BV 5 M5 2 REMICE KT 27200 B0 LR 2 IFL . HRiR %
EHOS KN DETFIEFREHBRUMEZN OB FAE ANLEGET BT AT ¢ 7TEMA ¥ —
T — AN O MR ED TS, AMEEIL. ()IERORIEIRE AU R i O & &
LE G O EEIYFEGE (Physical Review A REIZFER) . QT —E TFAE MO ETFHMHEA
ERHEFIBHLZOE—L > M- RICEDEBFAE KRB RNES S 7 ¢ OF KL (Applied



Physics Letters #512%2%). 3) ¥ T YT FETFAT) —~NOXABRTFREEFEOEBRRHBE, FO
R ZEEZ.
3. IRl oM PR R Ry B RO E

PRI BT DB R TIREEEBE, B OV 217 O SR IR R /0 43 Y61 O B FE V- L
W& BETEETNA A LB TS5 L THERRAERENTH D, AEEITHEBAT Y1
VR F-TO—=TEERTFE L, AR T Ry SO B BRI 0D i i A & I R
{2 h&Ih L 7= (Japanese Journal of Applied Physics & 12 FE#%).

1. We have developed an efficient entangled-photon source with two-period quasi-phase-matched
spontaneous parametric down conversion. We have demonstrated the generation of photon pairs that exhibit
entanglement either in polarization or in frequency.

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 (1) time-bin photonic state transfer to electron spins instead of the conventional polarization
state transfer, (2) electron spin state tomography with coherent Kerr effect, and (3) preparation of
experiments for achieving photonic state transfer to a quantum memory in diamond.

3. We have developed transient micro-pump-probe spectroscopy of single semiconductor quantum dots
using heterodyne detection technique. We have succeeded in monitoring the ultrafast optical manipulation
of a single quantum state in the single dot.

T/ BFTINA R B BE

Nano-Molecular Devices

® F/NFTINAR (EFEX - KHRSB)

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

1, BEEE{L TiO, - / T o — T Z A Wiz KFE 2 > O EfEZ R

T4 bV T 5T g Hil R RN 2 A SDE S I EIZKD, TO, F/ Fa—TEEM
Wz F ¥ RV E 3 um ORUNKEA A B Z2ER Lz, ZO/RE, i EBMEZ WS &k
< 10%DKFZHARE, # 1 mA OBEBRABR SN K 206E03 2505 L A0EERLZ.
IS, M TE A & BB e A A GRS 2 LIk D, MUNT AR B EERTE
HZEERLTHBD, EKHEENL, BRGNS,
2. P3HT O FATCNQ 73 R —E > 2RO it

P3HT ~® FATCNQ 73 1 K —E > Z &R D W T AN & i i R (DCM) S DR AN 53 e ik %
FWTE#R~7z, FATCNQ 28 R— 7 &7z P3HT DRIV A X2 R IVINGS FATCNQ DIFEAE
MR=NPELTHE-NEZERL TS Z ENDM o7z, £/, DCM OFRNG, F—E T
SN7= P3BHT M6 F—E2FINTWEW P3HT N3, #R/AER I TR SN S X D 7I2EREA
BRMWECBNZ ENbholz,
3. 20O HEMR EANTMREZ W TF v RIVEROEL T v 25V ERGH

V) HEM IR UL I A THIREZIER L, TOHRICF v RIILY NI H 2T
MLEAF > FrrINtEoHZRBELZ. SS5ICZ0 I TE2ZRBERTZAFF XN T L
A EZHEL, ZEONTHIREDN S A4 > F v RIVERZ FRICRCERT 2 2 STk Uiz,
4. FTOEET) O ERERWEATLIRE 2 5 FIRF » TOER

ER@D ) O ERICHEELIRE T 70 X oMl EHEE1TD J&ick D, EEEkD
J A ZEiiZ 1-2 pA, BIERTIGE Z 1 ms L FICETMHIT S 2 ST Uiz, 2OEQEER,
RS T 2 F v RV OBERGDERICE L /2L I THD, EMAT )2 TN FRTAD
SR E N 5.
1. Fabrication of miniaturized hydrogen gas sensors using anodic titanium oxide nanotube films.
Hydrogen gas sensors were miniaturized by the hybrid process between the photolithography
technique and the anodization process of titanium. The channel length of the sensors was 3 pm. In the
case of introducing 10 % hydrogen gas, the current of about 1 mA was sensed without using a
comb-shaped electrode. The conductance change was about 20 times. This indicates that the hybrid



process is a suitable method for miniaturization of gas sensors and reduction in power consumption
and integration of gas sensors are expected.

2. Investigation of the effect of FATCNQ molecular doping to P3HT

The effect of FATCNQ molecular doping to P3HT was investigated using displacement current
measurement (DCM) and infrared absorption spectroscopy. Infrared absorption spectra of doped P3HT
films indicate that most of FATCNQ molecules were associated with generation of holes. The DCM
curves suggest that the carrier injection did not occur at the interface between doped and non-doped
P3HT layers although it takes place at the metal/organic film interface.

3. Simultaneous measurements of ion-channel currents at bilayer lipid membranes (BLMs) in Si
substrates

Free-standing bilayer lipid membranes (BLMs) were reconstituted in microfabricated apertures in Si
substrates and ion channel proteins were incorporated into the BLMs. Then this BLM device was
extended to a multi-site array format. Simultaneous recording of channel current activities from the
multiple BLMs was demonstrated by using a model channel gramicidin.

4. Artificial BLM chips based on Teflon-coated Si substrates

The surface of the above-mentioned Si chip was coated with insulator layers of Teflon and SiO,. The
insulator coatings worked to reduce the total capacitance, leading to noise reduction (1-2 pA in
peak-to-peak) and elimination of current transients (< 0.5 ms). These electric properties are suitable
for recording activities of biological ion-channel proteins useful for drug screening and biosensor
applications.
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F/ AEVRBRERTHRELZEES VRV A
International Workshop on New Group IV Semiconductor
Nanoelectronics (RIEC Symp)

(881[): 2005%5R827-28H, 552[E]: 2006510A2-3H.
$33ME : 2007 11H8-9H, 554 : 20085F9A 25-27H.

SR5H : 2010@?1 EZQMBOE) . 3rd Int. Workshop on NewGroup v
RIEC Sym posium on Sp:ntronlcs ' Semiconductor Nanoelectronics

(551Rl: 2005%2H8-9H. 52 : 2006528 15-16H.

$53[E : 2007%10A318-1181H, %4[E : 2008%10A9-10H.

£55[] : 2009 10H22-23H, %6 : 2010562H5-6H.

S57E] : 2011F2R3-48 . 558[H : 2012582A2-3R)
International Workshop on Nanostructure & Nanoelectronics
(551[E: 2007F11H21- 22H, %2 : 2010863AR11-12H, %$3MH :
2012838 21-220)

RIEC-CNSI Workshop on Nano & Nanoelectronics .

Spintronics and Photonics 2nd RIEC Symposium on Spintronics-
. 2 MgO-based Magnetic Tunnel Junction-
(%1 [E: 2000510422 23H) Left: Albert Fert (received 2007 Nobel
Prize in Physics), Right: Russel

Cowburn

4—2 ERURCOLRE (Torsad 6. BEGER WU

% 43 EERBERRMERS KRODL

BRI RIEC ALY hOZJ AEBET -7 ay 7
The 8th RIEC International Workshop on Spintronics

PN
Hideo OHNO

Pl fE H: Fpk244E2H2H~3 0 (2 O/
PRAE S I : AL KA SGEEIZERT -/ « A8 LR

2012452 H 2. 3HOWHIIZ, APBELBEWIEISEMT SEELEE T —2 > a v 7O
J®F ) « AE EBHERICBWTHME S N2 [MEE R R B - KEFEBEE., £FETRILF
—«ZAE>bOZ 7 AL AT LEF —T@ 2nd CSIS International Symposium on
Spintronics-based VLSIs (2 H 2. 3 H)ED ¥ a o > LB, B# 128 44D N, [HAAN S D& In#HE
319 A HAT. TAVA, TT A, HE, BANS 19 HONEHE ZifmEEE & L TlA
7o RAZ—Twa T, FHE, BEH, {8, HENS 21 FO—HEHEAH /2. T5I
NHDNFYARNIEONRNT 4 Ay aftbiie, 27— ay TTIEAEEA
WAt Kz - EBERB B/ EAE > bO 7 AR TORBERENS ., TNSZHA LZEMEIEET
MR A W EEEANE I S 7z, Tz U, AE > bo o AERMERE O = EVE S WFFEH
FAREN L OS2 D, FROFMMEEZERTAERZTY -V av T Eolk. F, %<
DOEEOBZBMHH . FEOEBEEZFOESORMEEVOIBANS BRI EEHGS T L0
CE s



55 45 [BIE KOS IEFERT R > 2R 2D A

Wa3mEF I EGEET /L Fa AT 5
I@W 7/ay7

3rd International Workshop on Nanostructures & Nanoelectronics

RER  EK
Michio NIWANO

PROfE O: ERk24 43 H 21 H~22H (2 HI#D
BRME AT L RFELZOGBREMER +/ - AE E5Bi

AT—2 gy A, F REEREC T O ) BB OBEME. o iz, TOF K
WERWETFNA ASAAOY 7O0—F - SREIZET 2RI OMERE « B2 DWW T Ok « ati
ZHMELTRE SN, SRIT3IMEERS, FR244E3 21, 22 HO 2 HEIZH2D, #Ht
RFEBELOOEWIZEAT S/ - AE LRI THRES /. W FY, @E, Y AU IhE s
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5. WFEAR (Frk 23 FE)

5A F/A5F070€REEBHEYE

Atomically Controlled Processing and nano integration

Al F/AFA70tR (BEE— - BEHX)
Atomically Controlled Processing
(J. Murota and M. Sakuraba)

A2 MMF/ &EB/BRATA (FEEAR - (EEEE#)

Intelligent Nano-Integration System
(K.Nakajima and S.Sato)



Al F/ATFO70tR (ZEE— - BEHX)
Atomically Controlled Processing (J. Murota and M. Sakuraba)

1. BEFREQOHERAR. TvFrsy, RELEBICHTLIMA
Atomically-Controlled Growth, Etching and Surface Treatment
o B 7 R S TV g AR S T OS2 TR T S 72010, TR EE O Rk Fe
IyF >y, RELEZHFRAL TS,
In order to form high-quality atomically-controlled nanometer-order heterostructures of
group-1V semiconductors, atomically-controlled growth, etching and surface treatment are being
developed.

2. TARRICHEIIEREREERCOEELEZTORECHT MR
Mechanism of Surface Adsorption/Reaction at Surface and Its Control in Semiconductor
Processing
FAAME T O 2O HIETEZR LS E 572010, RERA & OGO &2 Ol
DNTHIFEL TS,
In order to enhance controllability of semiconductor material processing, mechanism of surface
adsorption/reaction and its control are being studied.

3. (EMH/ NS — 2 ORKEBBERHYMEECHET MR
Ultrafine Pattern Formation and High-Precision Doping Control
F ) A= F—FEBI BT S LEEYEEZ] S NI T S0, WS — > DIE
% & kS BEARIA NI D W TR L T %,
In order to clarify properties of nanometer-order patterned semiconductors, control of ultrafine
pattern formation and high-precision doping control are being investigated.

4. ANTOHEOEEEBHUFEETNARCHT HHA
Heterostructure Formation and Its Application to Ultrasmall Semiconductor Devices
AL AR T NA A D EERL D72 DIz, AT DRG0 BUE S GCEEE T NA A12D
WTHIFEL T %,
In order to enhance performance of ultrasmall semiconductor devices, heterostructure formation
and its application to ultrasmall semiconductor devices are being investigated.

5. ANTOREDYELILFE
Physics and Chemistry of Heterointerface
F)A=EF=FOANT OMIEEZRET 572012, AT OREOYIE L{LEIZDWTH
FELTND,
In order to realize nanometer-order heterostructures, physics and chemistry of heterointerfaces
are being studied.

EEANE B

1. “Atomically Controlled Processing in Silicon-Based CVD Epitaxial Growth™, J. Murota, M.
Sakuraba and B. Tillack, J. Nanosci. Nanotechnol., Vol.11, pp.8348-8353 (2011).

2. “Atomically controlled CVD processing of group I'V semiconductors for ultra-large-scale
integrations” (Review Paper), J. Murota, M. Sakuraba and B. Tillack, Adv. Nat. Sci: Nanosci.
Nanotechnol., Vol.3, p.023002 (4 pages), (2012).

3. “Behavior of N Atoms after Thermal Nitridation of Si;.,Ge, Surface”, T. Kawashima, M.

Sakuraba, B. Tillack and J. Murota, Thin Solid Films, Vol.520, pp.3392-3396 (2012).
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1. “Atomically Controlled CVD Processing for Doping in Future Si-Based Devices™ (Invited
Paper), J. Murota, M. Sakuraba and B. Tillack, 2011 Int. Conf. on Semiconductor Technology
for Ultra Large Scale Integrated Circuits and Thin Film Transistors (ULSIC vs. TFT), Hong
Kong, China, Jun. 26-Jul. 1, 2011: ECS Trans., Vol.37, No.1 (Edited by Y. Kuo and G. Bersuker,
The Electrochem. Soc., Pennington, NJ, 2011), pp.181-188 (2011).

2. “Behavior of N Atoms after Thermal Nitridation of Si;.,Ge, Surface™, T. Kawashima, M.
Sakuraba, B. Tillack and J. Murota, 7th Int. Conf. on Si Epitaxy and Heterostructures (1CSI-7),
Leuven, Belgium, Aug. 28-Sep. 1, 2011, Abs.No.1171.

3. “Atomically Controlled Processing in Silicon-Based CVD Epitaxial Growth”, J. Murota, M.
Sakuraba and B. Tillack, 18th Euro. Conf. on Chemical Vapor Deposition (EuroCVD 18),
County Cork, Ireland, Sep. 4-9, 2011, No.13.2.

4. “Atomically Controlled Formation of Strained Si;_¢Ge,/Si Quantum Heterostructure for
Room-Temperature Resonant Tunneling Diode™, M. Sakuraba and J. Murota, Symp. E9: ULSI
Process Integration 7 (220th Meeting of the Electrochem. Soc.), Boston, USA, Oct. 9-14, 2011:
ECS Trans., Vol.41, No.7 (Edited by C. Claeys, H. Iwai, M. Tao, S. Deleonibus, J. Murota, The
Electrochem. Soc., Pennington, NJ, 2011), pp.309-314 (2011).

5. “Atomically Controlled Plasma Processing for Quantum Heterointegration of Group IV
Semiconductors”, M. Sakuraba and J. Murota, Symp. E9: ULSI Process Integration 7 (220th
Meeting of the Electrochem. Soc.), Boston, USA, Oct. 9-14, 2011: ECS Trans., Vol.41, No.7
(Edited by C. Claeys, H. Iwai, M. Tao, S. Deleonibus, J. Murota, The Electrochem. Soc.,
Pennington, NJ, 2011), pp.337-343 (2011).

6. “Atomically Controlled Processing for Group 1V Semiconductors™ (Invited Paper), J. Murota
and M. Sakuraba, 4th French Research Organizations - Tohoku University Joint Workshop on
Frontier Materials (Frontier 2011), Sendai, Japan, Dec. 4-8, 2011, p.33.

7. “Fabrication of Room-Temperature Resonant Tunneling Diode with Atomically Controlled
Strained Si;_,Ge,/Si Quantum Heterostructure” (Invited Paper), M. Sakuraba and J. Murota,
4th French Research Organizations - Tohoku University Joint Workshop on Frontier Materials
(Frontier 2011), Sendai, Japan, Dec. 4-8, 2011, p.35.

8. “Strain Control of Si and Si,.,C, Layers in Si/Si,.,C,/Si(100) Heterostructures”, T. Kikuchi, M.
Sakuraba, 1. Costina, B. Tillack and J. Murota, 6th Int. SiGe Technology and Device Meeting
(ISTDM2012), Berkeley, USA, June 4-6, 2012, Abs.No.P1.1, pp.120-121.

A2 MF/ KR/ RT L (RERA - EREXR#)

Intelligent Nano-Integration System (K.Nakajima and S.Sato)

1. =2 —F)Ibxy T -0 OEFHERK S FEMREICET SR
Research for basic architectures of LS| neural networks and theirs learning efficiency
®hb=—a—I) 3y T =0 ZHWZHRERLEE S A7 L OMRIEEZBRL, O
R VERE 2R - fid L THEREm L2 S,
This research is concerned 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.

2. WRHEERY TS ETIVICETIHMR

Research for inverse function delayed network models
FITF472a—0 ETNTHDS ID ETNEZHWNWT, AERLES A5 LAZHE



T
This research is concerned with the development of the intelligent processing system by using ID
models which are active neuron models.

3. Za-—OMFEEZFRALLEFHERCHETINA

Research for neuromorphic quantum computer

Za—UOMNTFEEZFRLZEFHETINIY XLORKEE, TORBETF~OREEN
Z

o

This research is concerned both with the development of a new neuromorphic quantum
computation algorithm and its implementation with solid state devices.

4. BEEMEE—- FEBEERICET SR

Research for superconducting phase-mode LSI

AR T 2 A AR & 2 B SRR TR L 728 L Wat B S A 7 LA 2 PA%ET
Do

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.

(st A+ i 3C ]

1. T. Onomi, Y. Maenami, and K .Nakajima, Superconducting Neural Network for Solving a
Combinatorial Optimization Problem, IEEE Trans. Applied Superconductivity, vol.21, no.3,
pp.701-704, June 2011.

2. R. Nakamoto, S. Sakuraba, T. Onomi, S. Sato, and K. Nakajima, 4-bit SFQ Multiplier Based on
Booth Encoder, IEEE Trans. Applied Superconductivity, vol.21, no.3, pp.852-855, June 2011.

3. K. Kurose, Y. Hayakawa, S. Sato, and K. Nakajima, Analysis of burst dynamics bound by
potential with active areas, Nonlinear Theory and Its Applications, IEICE, vol. 2, no. 4, pp.
417-431, Oct. 2011.
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1. H. Katayama, R. Nakamoto, K.Inomata, T. Onomi, S. Sato, and K. Nakajima, Collective
Switching Characteristics of Josephson Junctions, Proceedings of Superconducting SFQ VLSI
Workshop SSV 2011, pp.56-57, Kyoto Japan, Nov. 2011.

2. T.Sota, Y. Hayakawa, S. Sato, and K. Nakajima, Method of Solving Combinatorial
Optimization Problems with Stochastic Effects, 2011 International Conference on Neural
Information Processing, Part 11, LNCS 7064, pp.389-394, Shanghai China, Nov. 2011.

3. K. Nakajima, K. Kurose, S. Sato, Y. Hayakawa, Dynamic Characteristics of Neuron Models and
Active Areas in Potential Functions, IUTAM Symposium on 50 Years of Chaos: Applied and
Theoretical, Book of Abstracts, pp. 30-3, Kyoto Japan, Nov. 2011.



5B ¥BEIEY bAOZH ABBEWEE

Semiconductor Spintronics and information technology

B1 #8B@#REXMAZIR, F/RAEVAEY
(KEFESB - KF#= - AL - EIET)
Semiconductor Spintronics and Nano-Spin Memory
(H.Ohno, Y.Ohno, F. Matsukura, and S.lkeda)

B2 B70—FNYFESLE (BEH:E— FRAkiEth)
Ultra-Broadband Signal Processing
(T.Otsuji and T.Suemitsu)

B3 EFABHRIY (BME— - /MRESB - ZHRH)
Quantum-Optical Information Technology
(K.Edamatsu, H.Kosaka and Y.Mitsumori)
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F¥BHEIAE A= R, F/REVAEY
(KHES - KEH= - REXIL-hEIET)

Semiconductor Spintronics and Nano-Spin Memory
(H. Ohno, Y. Ohno, F. Matsukura, and S. lkeda)

PR O R TIREZHIE L TN T 52720 0MEEiED TndD, Fiz, AE > E&Emr
DHHEZED FEAEAE S PO A, FEOMNHBEICHER THz 2t —L > MR
DR ZEITOTWS, 2, AEMAZZAZEBHLIZAETNA A - AL —DUHEE
Bl DA FEEAT> TS,

We are working on the nanoscience and nanotechnology to control the quantum states in
semiconductors, especially the spin-states and optical transitions in the mid-infrared to
THz. We are also developing technologies to realize advanced spin memory and logic
devices using magnetic tunnel junctions (MTdJs) consisting of ferromagnetic metal
electrodes and insulating barriers.

1.

FEEIE PO RAICHTHHR

Semiconductor Spintronics

PEECBWTETORDEMOARST, ALCOHHEZFHATLOHLVILY b
D=7 A, PEEZAEY hOZ7 AT 5K ZET> TS,

A new form of semiconductor electronics, semiconductor spintronics, where both charge and spin
degrees of freedom are used, is being studied.

1) SREENEEA B KO O RTHE OWTE &8

Properties and Application of 111-V Based Ferromagnetic Semiconductors

FL W LV EN—ADFHEEIE FEAEDOS T I ES F 2 MBE)IZ K 25k
E MEPOETAECEE Lz Fi72 /2 HHEZMA S I EI2 K5 PR THE
EOWFEZTT2 T,

Study of a new class of semiconductor, I1I-V based diluted magnetic semiconductors (DMS),
is being carried out to expand the horizon of application of quantum structures by the
addition of a new degree of freedom associated with electron spin in the materials.

2) KA Y 2T NA ADWR

Semiconductor Spin Devices

SRR &R 2 A S DR TH U WA T NA A QMR 217> T o,
Exploration of novel spintronic semiconductor devices based on ferromagnet/semiconductor
structures is being carried out.

3) FEARFHETOAE O — L > A0S & i~ O A

Properties and Application to Quantum Information Technology of Spin Coherence in I11-V
Semiconductor Nanostructures

UI-V LGP FEAEME D IC BT 2+ ) T PRTFEOAEZIERL, 7o b
N F — & DRALAMRAE 2> TZD I E—L 2 ARRMRT 5 & & biz, RTAS
TRALRSEA DI ZWFEL T D,

Study of ultrafast processes, especially spin dynamics of carriers in I1I-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.

BTHIEICL D THz~RFARREDOHRK
Population Inversion of Subbands Using Resonant Tunneling Structures and Its
Application to THz Optical Devices

T0O—27 2 F v v AT O (InAs/(Ga,AlSb) # A& 70 05 R 2 k)L B
(GaAs/(Ga,ADAs)IZ BT 58 TN FREINEERZ R WZH LWETINA ZOKE - BfE
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2112 TWd,
We design and develop novel optical devices for THz~far-infrared operation based on the optical
intersubband transition in InAs/(Ga,Al)Sb broken-gap systems and in the GaAs/(Ga,Al)As

resonant tunneling structures.

BEFHEICEITSETRXRROMA

Quantum Transport Properties of Double Quantum Well Heterostructures

i - RS2 BT 2 2 KB TR OB TREBRKZY ST 5720, MBE IZK 55
iE GaAs/(Ga.ADAs 2 R T FHIEOEMR &, 2 F 2 KoLB 7RO b2 RIVTNA AD
. i ZfTo Thd.

Quantum transport phenomena of interacting two-dimensional (2D) electron systems under high
magnetic field at low temperature are being studied. A new 2D-2D tunnel-device structure has
been developed to investigate the quantum transport properties.

FEAETFHEICET MR

Growth and Characterization of Semiconductor Quantum Nano Structures

MBE 12 £ % 8 5l KoT) - s TR0 JOoDE DR E 2N S OMIGERa 0%
FYHELEZOIERITONTHRL TS,

Formation and properties of one-dimensional (1D) and zero-dimensional (0D) systems and their
application to novel electronic devices are being studied. Development of fabrication techniques
for achieving 1D quantum wire or 0D quantum dot structures using molecular-beam epitaxy and
e-beam lithography is also being investigated.

FTI/REZTNAR - AEUDHA

Nano-spin device and memory

AE AR - 0Py 7 BT TSR ENZ TS 5.

Technologies to realize advanced spin memory and logic devices using magnetic tunnel junctions
(MTIJs) consisting of ferromagnetic metal electrodes and insulating barriers are developing.

HIRNF—+ RAEY bOZS AHBBEERBEROM AR

Research and Development of Ultra-low Power Spintronics-based VLSIs

AAAIIREL S [REmM MR T 07 I L) (B3 F— - AE> FOZF e
FAERIMIBE ORFFERHTE ] IZHWT, BWFZER & L TAE > o= AP aesial
BRI A IZ BT D FER M TN .

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) AEZ POy AMEHRZET 8%
Spintronics materials
AE 2 A= A BAERE EEGUE A O R R KEED TN AMEHIEE T 2 0
At Thiz.
Advanced spintronics device materials for VLSI were studied.

2) AE hOZIZ AT NA AT 55T
Spintonics devices
amEEREEE M A E 2 b0 =2 A7 NA A D mtERe iz B9 285803 1 h iz,
Spintronics devices with low write current, high thermal stability, high TMR and high
reliability were studied.

3) BFMAE > b=y 2R - TN AT S8
New Spintronics materials and devices
BN RBIRAC BT - /N A, CREEAE > Oy AME - TN A B
O THhN.
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Magnetic materials and devices for electic-field control, and semiconductor spintronic
materials and devices were studied.

4) A2 bOZy AdmPARNREIZ BT S5
Spintronics based logic circuits
HRES NTAMAE > b0 =7 AGmPP AR Y 77— 3 > OG- K
BERRGEIZ BE 9 DA Tz,
Design and verification of spintronics logic integrated circuits, and design for high-speed
and stable operation of spintronics VLSI were studied.

7. B&EEE - BIEEBBHRAESTNAR - A ML —DEBREMICEAT SR
High-performance low-power consumption spin devices and super high-speed mass
storage HDD systems

SCERREAA DRIN IT B RO DML T ORI TH S [EEGE - B
HERENACETNA A « AL —PEBENOMFE 702 2s MzsnwT, 7av
=7 FBEMREEEEL TEEEAERA L —2 2 AT AOMENTONI.
Super high-speed mass storage HDD systems were studied in “High-Performance Low-Power
Consumption Spin Devices and Storage Systems™ program under Research and Development for
Next-Generation Information Technology of MEXT.

1) 7y MEREACT /X% — e 5 N R R ) — 5 Hiil O %
Developments of high density patterned media and high sensitivity sensor
B Ry BT L1 OAC SEBMBETREB L, 205 QERRED AT TN
i
Fine dot arrays of Co based alloy films and spin accumulation devices were fabricated and
their fundamental properties were studied.
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and H. Ohno, "The MTJ with Fe/NiFeB Free layer for Magnetic Logic", The 56th Annual
Conference on Magnetism & Magnetic Materials, Nov. 1, 2011.
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electrons in modulation-doped GaAs/AlGaAs wires”, International Conference and School on
Spintronics and Quantum Information Technology (SPINTECH VI), Aug. 1, 2011.

98



49,

50.

51.

52.

33

54.

55.

56.

57.

M. Ono, J. Ishihara, G. Sato, S. Matsuzaka, Y. Ohno, and H. Ohno, “Dependence of quadrupole
interaction on magnetic field direction in a strained 8110) GaAs quanrum well ”, International
Conference and School on Spintronics and Quantum Information Technology (SPINTECH VI),
Aug. 1, 2011.

Y. Ohno, H. Kobayashi, S. Matsuzaka, Y. Kaneko, S. lkeda, H. Ohno, “Electrical and Optical
Detection of Spin Injection in Ferromagnetic Metal/Semiconductor Junctions™, 5th International
Workshop on Spin Currents, July 27, 2011.

M. Ono, J. Ishihara, G. Sato, S. Matsuzaka, Y. Ohno, H. Ohno, “Magnetic field dependence of
quadrupole interaction in a strained (110) GaAs quantum well”, 5th International Workshop on
Spin Currents, July 27, 2011.

K. Miura, S. Tkeda, M. Yamanouchi, H. Yamamoto, K. Mizunuma, H. D. Gan, J. Hayakawa, R.
Koizumi, F. Matsukura, and H. Ohno, "CoFeB/MgO based perpendicular magnetic tunnel
junctions with stepped structure for symmetrizing different retention times of “0” and “17
information”, 2011 Symposia on VLSI Technology, June 16 2011.

S. Fukami, T. Suzuki, Y. Nakatani, M.Yamanouchi, S. lkeda, N. Kasai and H. Ohno, "Domain
wall motion induced by electric current in CoFeB/MgO wire with perpendicular magnetic
anisotropy”, IEEE International Magnetics Conference, Apr. 29, 2011.

R. Koizumi, H. Sato, M. Yamanouchi, S. Ikeda, K. Mizunuma, K. Miura, H. Gan, F. Matsukura,
and H. Ohno, "Post-annealing effect on perpendicular magnetic anisotropy in CoFeB/MgO
structure", IEEE International Magnetics Conference, Apr. 29, 2011.

H. Yamamoto, K. Ono, T. Morita, S. lkeda, and H. Ohno, "A perpendicular-anisotropy
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T. Endoh,"Impact of Vertical Structured Devices and Spintronic Devices for Future Nano LSI
(Invited)", International Workshop on Quantum Nanostructures and Nanoelectronics

(QNN2011) , Oct. 4, 2011.
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T. Endoh, A. Nitayama, G. Jeong, L. Tran, J. Zahurak, J. Roh, M.-J. Tsai, "Will Emerging
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International Symposium on Spintronics-based VLSIs and The 8th RIEC International Workshop
on Spintronics, Feb. 2, 2012.

S. Matsunaga, A. Katsumata, M. Natsui, and T. Hanyu, "7T-2MTIJ-Based High-Speed
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T. Endoh, S. Togashi, F. Iga, Y. Yoshida, T. Ohsawa, H. Koike, S. Fukami, S. Ikeda, N. Kasai, N.
Sakimura, T. Hanyu, H. Ohno, "A 600MHz MTJ-Based Nonvolatile Latch Making Use of
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270ps-Access 71-2MTJ-Cell Nonvolatile Ternary Content- Addressable Memory",

The 56th Annual Conference on Magnetism & Magnetic Materials, 2011/11/3.
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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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stimulated emission of radiation from optically pumped graphene," SPIE Difense, Security &
Sensing, Proc. SPIE, Vol. 8023, iss. 802304 (7 pages), Orlando, FL, USA, April 24-27, 2011.
[Proc. SPIE, Vol. 8023, iss. 802304 (7 pages), 2011.] (invited)

35. T. Otsuji, "Terahertz light amplification by stimulated emission of radiation in optically pumped

graphene," VCIAN: Villa Conference on Interactions Among Nanostructures, Las Vegas,
Nevada, USA, April 21-25, 2011. (invited)

36. A. Satou, S. Boubanga-Tombet, T. Otsuji, and V. Ryzhii, "Stimulated terahertz emission from
optically pumped graphene and its threshold behavior," Graphene 2011Conference, Bilbao,
Spain, April 11-14, 2011.

37. S. Takabayashi, S. Ogawa, Y. Takakuwa, H.-C. Kang, R. Takahashi, H. Fukidome, M. Suemitsu,

T. Suemitsu, T. Otsuji, "Carbonaceous field effect transistor with graphene and diamondlike
carbon," Graphene 2011Conference, Bilbao, Spain, April 11-14, 2011.

B3 BFAHRIFY (BRE— - /MRES - ZHR:HE)

Quantum-Optical Information Technology
(K.Edamatsu, H.Kosaka and Y. Mitsumori)

1. XFEAVCEFHERBERIORMRE
Quantum info-communication technology using photons
YA BN AT B S IR AR 2 W T H DIV TOF A - fit Tk 2R L
TWwd, £/, X TrHORTT — MIEZ B L, SESEEICB IS5 kLT
DI DO WTHFFEL T %,
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 nonlinearities of waveguide media at a single-photon
level, aiming at photonic quantum gate operation.

2. BT PHROILODETFAT 4 7 XM
Quantum state transfer for quantum repeaters
R WIEE I B 20 EHEEE REMICHE KT 57200 RTFP##2 0Lz i L7
HF - BFAECHOBRTAT ¢ TEWREIT O HBTNA AORAEZEITO TS,
We investigate quantum media conversion from a photon to an electron spin for quantum
repeaters to extend the transmission distance of quantum info-communication.

3. FEHEFRyY FERAVWVCETHERAR
Semiconductor quantum dots for quantum info-communication
RPEHEE O Z BIFL 7z, PEART Ry FOXMES X ORI AR EE 2
WFEL T 5,

We investigate the spectroscopic and quantum optical properties of semiconductor
quantum dots in view of quantum info-communication technology.

[ we At am 3]
1. H. Kosaka, “Photon-to-Electron Quantum Information Transfer”, J. Appl. Phys. 109, 102414
(2011).

2. Y. Mitsumori, Y. Miyahara, K. Uedaira, H. Kosaka, S. Shimomura, S. Hiyamizu, and K.
Edamatsu, ““Micro-pump-probe spectroscopy of an exciton in a single semiconductor quantum
dot using a heterodyne technique™, Jpn. J. Appl. Phys. 50, 095004/1-4 (2011).
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spins in a semiconductor”, Quantum Information Processing and Communication (QIPC) 2011,
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Hideo Kosaka, Takahiro Inagaki, Ryuta Hitomi, Fumishige Izawa, Yoshiaki Rikitake, Hiroshi
Imamura, Yasuyoshi Mitsumori, Keiichi Edamatsu, “Coherent Transfer from Time-bin State of
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Light to Electron Spins in a Semiconductor”, The international conference on Optics of Excitons
in Confined Systems (OECS12), Paris, France, Sep. 12-16, 2011.

Keiichi Edamatsu, “Multi-photon Quantum Interference and Quantum Information (Invited
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22-24,2012.
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quasi-phase matched LiNbO3”, The 5th International Symposium and The 4th
Student-Organizing International Mini-Conference on Information Electronics Systems, PR-08,
Sendai, Japan, Feb. 22-24, 2012,
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Ruibo Jin, Ryosuke Shimizu, Yasuyoshi Mitsumori, Hideo Kosaka and Keiichi Edamatsu, “Pure
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and The 4th Student-Organizing International Mini-Conference on Information Electronics
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Keiichi Edamatsu, “Multi-Photon Quantum Optics and Quantum Information”, The 5th
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Information Electronics Systems, 4A-3, Sendai, Japan, Feb. 22-24, 2012.
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5.C F/RFT/INA AERXEE

Nano-Molecular Devices

C1 F/HFTNAR (BFEX - KFERSB)

Nano-Molecular Devices (M. Niwano and Y.Kimura)
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1.

C1 F/HFTNAR (BEFEX - KFERS)

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

BRI TFT/NARADKRA - REDTF/ R — )V - H#

Nanometer-scale analysis and control of surfaces and interfaces of organic molecular
devices

AT NA ADERM - RATOBRRETF /) AT —IVTHTL, TOBEREZHEIT 5
ZEIZED, ENSEHEL, HETNA AOREEN LEE L7200 RETOTY
Do

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.

F AR OV AR RERRAR

Biodynamic analysis on a semiconductor surface )

Si ® GaAs PEARMA LIZBNT, M-S AKX E, DNA /2 D EEME & Rk
IWEZEHWTHEBEICRE L, EEEREOMITZ{To TWha.

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

BERENA AT AT AOHMERRE

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

RIS Jeid 2 TR THRaR 2 A WS AR E Z2 IR IS 5720 o NA
Frr 2 VATLAOREZITTOTNS,

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.

PREmER LB Z AV c T/ TNA ADRARHAR

Research and development of fabricating nanodevices using anodization processes

by 75T TOtX EBRELREEZMNAGDEDS ZEIZXDSF /TN ADHER
BT AL ETT O T D,

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

B RER AR EhORRERR

Research and development of dye-sensitized solar cells

LS OBLALF N TEICKDER U2V BEOHERBIUBZOH 2175 T
Wa, R, BRI K OER U7 IO F / F o — 7 O BRBIEOKE Eit(DSSCY
ISRIZDWTIIFEL TS,

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).

(5 e A+ a3 )
1.

Mohammad Maksudur Rahman, Ryota Kojima, Mehdi El Fassy Fihry, Daisuke Tadaki, Teng Ma,
Yasuo Kimura, and Michio Niwano, “Effect of Porous Counter Electrode with Highly Conductive
Layer on Dye-Sensitized Solar Cells”, Jpn. J. Appl. Phys. 50(8) (2011) 082303.

Yuuki Takanashi, Naoki Oyama, Katsuaki Momiyama, Yasuo Kimura, Michio Niwano and
Fumihiko Hirose, “Alpha-sexthiophene/n” Si heterojunction diodes and solar cells investigated by
I-V and C-V measurements™, Synthesic Materials, 161(23-24) (2011) 2792-2797.
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Keiichiro Nozawa, Azusa Oshima, Tomohiro Nasu, Atsushi Shoji, Ayumi Hirano-Iwata, Michio
Niwano and Masao Sugawara, “In situ modification of lipid-loaded MCM-41 channels with
bovine serum albumin at a planar lipid bilayer for biosensing”, Sensors and Actuators B:
Chemical, 160, (2011) 139-144

B HER, Ve —, JEEE K, T RS OMMREREREICBIT S EMER O I 2 L
— 33 > (D) -IRERFE B O & PRkl R B OIREH B =, H AP B 27 238, 18(4)
(2011) 182-193.

Azusa Oshima, Ayumi Hirano-Iwata, Tomohiro Nasu, Yasuo Kimura and Michio Niwano,”

Mechanically Stable Lipid Bilayers in Teflon-Coated Silicon Chips for Single-Channel
Recordings”, Micro and Nanosystems, 4(1) (2012) 2-7.

WP S OKUERE, AR HER, ERER, T S/ - A 20D < A TiliEE
N OB, KB, 81(2) (2012) 143-146

(Il B i 78 42
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Analytical Sciences 2011, Kyoto, May 22-26, 2011.

Ichiro Sakurai, Ken-ichi Sato and Michio Niwano, “MPTP injection yields oscillating pattern of
neuronal activity through the loop circuit formation in the basal ganglia”, 30th JSST Annual
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Solvent-less planar lipid bilayers formed in microfabricated silicon chips™, 2011 Materials
Research Society Fall Meetings, Boston, Nov. 28-Dec. 2, 2011
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Niwano, “Formation of a porous composite counter electrode with high-conductive film for
dye-sensitized solar cells”, The Sixth International Symposium on Surface Science, Tokyo, Dec. 11-15,
2011,
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International Symposium on Surface Science, Tokyo, Dec. 11-15, 2011.
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lipid bilayers formed in Teflon-coated silicon chips for single-channel recordings™, The Sixth
International Symposium on Surface Science, Tokyo, Dec. 11-15, 2011.
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Sixth International Symposium on Surface Science, Tokyo, Dec. 11-15, 2011.
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The 9th RIEC International Workshop on Spintronics

May 31 — June 2, 2012
Research Institute of Electrical Communication (RIEC)
Tohoku University, Sendai, Japan

® &

RIEC TOHOKU

Venue
Conference Room, Laboratory for Nanoelectronics and Spintronics,
Research Institute of Electrical Communication (RIEC), Tohoku University
2-1-1, Katahira, Aoba-ku, Sendai 980-8577, Japan (Access)

Invited Speakers (confirmed)

David D. Awschalom (UCSB) Daichi Chiba (Kyoto Univ.)
Tomasz Dietl (IFPAN) Andrew J. Fergunson (Univ. Cambridge)
Kohei M. Itoh (Keio Univ.) Vincent Jeudy (Univ. Paris Sud)
Paul J. Kelly (Univ. Twente) Makoto Kohda (Tohoku Univ.)
Sang Ho Lim (Korea Univ.) Yoshio Miura (Tohoku Univ.)
Yuzo Ohno (Univ. Tsukuba) Yoshichika Otani (Univ. Tokyo)
Hideo Sato (Tohoku Univ.) Yoshishige Suzuki (Osaka Univ.)
*Seigo Tarucha (Univ. Tokyo) Evgeny Tsymbal (Univ. Nebraska)
Dieter Weiss (Univ. Regensburg) Jianhua Zhao (Chinese Acad. Sci.)

Abstract Submission for Poster Presentations
A poster session will be held in the afternoon on June 1 (Friday), 2012.

Prospective authors are required to prepare their abstracts according to the following guidelines:

Abstract guidelines Abstract sample
(PDF file: 54kB) (Word file: 61kB)

The abstract must be submitted via e-mail to: spin 2012@riec.tohoku.ac.jp
by May 11, 2012,

Registration:

Those who are willing to attend the Workshop must be registered.

The registration fee for attending the Workshop is free.
Please send the filled registration form to: spin 2012@sriec.tohoku.ac.jp

by May 25, 2012

Reaistration form Reqistration form

http://www shirai.riec.tohoku.ac jp/RIEC_Workshop/ 2012/04/20
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(PDF file: 8kB) (Word file: 37kB)

Banquet:
The bangquet will be held in the evening on June 1 (Friday), 2012.

The banquet fee (5,000 JPY) must be paid by cash (only JPY is available)
at the registration desk.

Organizing Committee
Kohei M. Itoh (Keio Univ.), Hiroshi Katayama-Yoshida (Osaka Univ.),
Yasuo Ando, Gerrit E. W. Bauer, Fumihiro Matsukura, Junsaku Nitta,
Hideo Ohno, Masafumi Shirai (Tohoku Univ.)

Local Committee
Makoto Kohda, Fumihiro Matsukura, Yoshio Miura, Masafumi Shirai,
Michihiko Yamanouchi (Tohoku Univ.)

Secretariat
Noriko Sato

Research Institute of Electrical Communication (RIEC), Tohoku University
2-1-1, Katahira, Aoba-ku, Sendai 980-8577, Japan

Sponsored by
Research Institute of Electrical Communication (RIEC), Tohoku University

In corporation with
Center for Spintronics Integrated Systems (CSIS), Tohoku University

The workshop is organized in close collaboration with
"4th International Workshop on Spin Caloritronics”,
which will be held on June 2 - 5, 2012 at the Institute of Materials Research (IMR), Tohoku University.
For more details, please refer the following web site:
URL: http://www-lab.imr.tohoku.ac.ip/~spincaloritronics4/

(Updated on April 11, 2012)

http:-//www.shirai -riec.tohoku.ac_ jp/RIEC_Workshop/ 2012/04/20
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¥ Research Institute of Electrical Communication
Tohoku University

3" International Workshop on
Nanostructures & Nanoelectronics

Organized by

Research Institute of Electrical Communication
Tohoku University

March 21-22, 2012

Laboratory for Nanoelectronics and Spintronics
Research Institute of Electrical Communication
Tohoku University
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3"? International Workshop
on Nanostructure & Nanoelectronics

Date: March 21-22, 2012
Site: Laboratory for Nanoelectronics and Spintronics, Research

Institute of Electrical Communication, Tohoku University

Organizer:

Michio Niwano
Research Institute of Electrical Communication, Tohoku University

Yasuo Kimura
Research Institute of Electrical Communication, Tohoku University
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Program

March 21 (Wednesday)

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

13:30~13:35

(Chair: Y.Kimura)

13:35 ~14:25

14:25~15:15

15:15~15:30

15:30~ 16:20

16:20 ~17:10

17:10~17:30

Opening
M. Niwano (Tohoku University, Japan)

Self-organized Oxide Structures (Nanotubes, Channels, Sponges): Formation and
Applications

Patrik Schmuki (University of Erlangen Nuremberg, Germany)

Functional Device Applications of Nanosilicon

Nobuyoshi Koshida (Tokyo University of Agriculture and Technology, Japan)

Coffee break

Superconductivity of heavily boron-doped diamond and its application to SNS
Josephson device

H. Kawarada, R. Nomura, S. Kurithara, R. Kanomata (Waseda University, Japan)
Quantum Nano Memory using Nano Carbon Material

Kazuhiko Matsumoto (Osaka University, Japan)

Room-temperature Si0, ALD with TDMAS and plasma-excited water vapor

F. Hirose, M. Degai, K. Kanomata, K. Momiyama (Yamagata University, Japan)
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PROGRAM CHANGE

March 22 (Thursday)

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

(Chair: T. Ogino)

9:30~10:20 Novel Devices Structures Using Carbon Based Micro and Nano Electromechanical
Systems
SangWook Lee (Konkuk University, Korea)

10:20~10:40 Graphene growth and functionalization based on diffusion plasma reactions
R. Hatakeyama and T. Kato (Tohoku University, Japan)

10:40~11:30 Understanding the structure, dynamics and reactions in semiconductor nanostructures
using x-ray excited optical luminescence

Richard A Rosenberg (Argonne National Laboratory, USA)

11:30~13:00 Lunch

(Chair: T. Tanii)
(Cancelled) Nanowire based photonics
S. Blaize, A. Bruyant, R. Salas Montiel, C. Couteau, A. Vial and G._ Lerondel
(University of Technology of Troyes, France) ‘
13:00~13:40 Chemical Assembly of Molecular and Nanoparticle Interfaces to Semiconductor
Surfaces
Rose E. Ruther, Allison C. Cardiel, Michelle C. Benson, Lee M. Bishop, Kacie M.
Louis, Joseph C. Yeager, Yizheng Tan, Matthew L. Rigsby, James B. Gerken, Adam

Powell, and Robert J. Hamers (University of Wisconsin, USA)

13:40~14:00 Structural control of single-crystalline metal oxide surfaces toward bioapplications
Toshio Ogino (Yokohama National University, Japan)

14:00~14:20 Collective plasmon mode excited on multi-dimensionally assembled metallic
nanoparticles
Kaoru Tamada (Kyushu University, Japan)

14:20~14:40 Fabrication of a micro gas sensor using an anodic titanium oxide nanotube film

Yasuo Kimura (Tohoku University, Japan)

14:40~14:55 Coffee break
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(Chair: K. Tamada)
14:55~15:15

15:15~16:05

16:05~16:25

Effect of the porous titanium/aluminum composite counter on dye-sensitized solar cells

Mohammad M. Rahman, R. Kojima, M. El Fassy Fihry, Y. Kimura, and M. Niwano

(Tohoku University, Japan)

On-chip devices for functional cell-chip coupling

Enno Kitelhon, Philipp Rinklin, Alexey Yakushenko, Boris Hofmann, Manuel
Schottdorf, Martin Hiske, and Bernhard Wolfrum (Forschungszentrum Jilich GmbH,
Germany, JARA - FIT, Germany)

Fabrication of Artificial Neuronal Circuit by In-Situ Guidance of Individual Neurites

Using Photocatalytic Decomposition of Organosilane Monolayer
Takashi Tanii', Takanori Demura’, Mayu Morita', Hideaki Yamamoto®, and Shun
Nakamura’ ('Waseda University, Japan, “Tokyo Univ. of Agriculture and Technology)
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