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Highlights of Research in FY2010
SRR ZEHES & R FAATFEE DR 22 SEFEDBIFERR D NA T4 R &G LET,
T/ AT o0t R EBREHEREE

Atomically Controlled Processing and nano integration

@ S/ ~TRJOLR (EHE— - BEKRX)
Atomically Controlled Processing (J. Murota and M. Sakuraba)

IV R A~T e EO BRI &S v ) TIRE(LOIZD O AR L2 AIE & LTI
D, LLFOREZSG-, (1) BACVD 7utRCLDH~TuRHE~D P FFE F—t /I
BT 2EE PRI, BloRY EOHBICRLVEEFICRY, ~T o R TOREERRS T35 2
EERFRWIE LT, (2) IV RERER OED CVD Rl OGSEE I ELY 5.2 BEICHR 5]
SR Y ZE Si(100) ETiX. SigssGeoss litrim OHEFES E 238/ L, JEAHZE Si(100) ECl3sm+2 2 &
O LT, £z, 0.8%DOT RG> ETI 2, Si 10 B i DOESHNEEEIME T
THZ LR L, (3) M SigsGeoss E~D Si flEAZ S SUSHEFENT A (SigHs) & W
HZLICROATRRETOT 7RAFERLI XV U T ENRIICIEITE, 7/ A— LA —
K Si R AT HA— NV R RV A F— RRE~O@EAIC LY, HRe=iRAkEa 27
B ARRGDH T LI LT,

In order to create atomically controlled processing for nanometer-order artificial heterostructures of
group 1V semiconductors, following experimental results have been obtained: (1) In P atomic layer doping,
P segregation at a Si cap surface becomes more significant in the case with tensile strain in Si than that
without strain. Solid solubility of P at the heterointerface becomes smaller with tensile strain. (2)
Deposition rate of SigssGegss on Si(100) is reduced by tensile strain in Si(100) and increased by
compressive strain in Si(100). Moreover, electrical activity of B atoms in Si with tensile strain is reduced.
(3) By using Si;Hg in Si epitaxial growth on nanometer-order Sig4,Gegss film, roughness generation and
mixing at the heterointerface are suppressed. Additionally by applying the growth condition to resonant
tunneling diode, room-temperature negative differential conductance was clearly demonstrated.

® MM/ EBEIURTL (RWEEHA - EHRKH)
Intelligent Nano-Integration System (K.Nakajima and S.Sato)

(1) FES ORI EEE T LA WA ET VG RO 2D D & & blo, ANL7
LA VU AT LFEBRZ B LIRS MHRER ORI AN— F U = 7 OG- MEZITo 72, £z, &
W T T AREG EFFOMBOBIE =2 — 1 VBT VDA NI AT 4 v VBT MMEAERSE - RFTL .
ZDOEBIAEEMEZ O LTz, (2) TOREDN - TV D Nb/AIOUND ¥ =& 7 v U85 51% H
WTCAA v F U ZEMAAMEIET D IR, A v F 7 EFGAMD LEE G 2K
L1 DERFIEDMESL K > T2, FEMG DD LHEEF EREEDRVEESRS & TIIRE £
HAA wF U TERGAPEOND Z & RIS AN E IR & KD 7 7 A A — 13—
TEIRNIEDR > TND Z L 2R LTz, ) BIRET 1 VXNV EBLBER O KB LA HE L L,
8x8 by MIEFIRFEIRORE 21T > 7o, RARBIER B E 40GHz, {177 7) 6.33mW TOHERL DL
EMEATIC X 0 B S A, SRR I 2B A RS, £, BIREE T THT A A
WCEkb=ma—nHErERH LRy 77 40—V FEX Y U —27 4R L. N-Queen FEEEMfRIT
5 Z & AT IS K AR LT,

(1) We have analyzed behavior of a connected neural system by using a new concept virtual particle
dynamics, and we have designed and measured a hardware neuro-system based on this concept.
Furthermore, we have proposed a stochastic logic neuron for an inverse function delayed model with
high-order synapse connections, and we have discussed the possibilities of it. (2) We measured switching
current distributions of stacked Nb/AIO,/Nb Josephson junctions, and studied the experimental technique
for evaluating coupling strength between Josephson junctions from switching current distributions. It has
been confirmed that large difference is found between samples with and without capacitive couplings, and
the crossover temperature region between quantum and classical regions becomes large in comparison with



a conventional theory. (3) We designed an 8-bit parallel multiplier for the large scale superconducting
digital signal processor. The operation of the designed multiplier up to 40GHz was confirmed by the
numerical simulation. The estimated power dissipation was 6.33mW. A neural network using
superconducting quantum interference devices for solving N-Queens problem was designed and
numerically demonstrated.

FEAERAEY bO=H REBEHTEEE

Semiconductor Spintronics and information technology

@ FEARXREUFOZVR-F/REVAE (KHEEB - KM= - M8 - thHAET)
Semiconductor Spintronics and Nano-Spin Memory
(H. Ohno, Y. Ohno, F. Matsukura, and S. Ikeda)

BEIOEMEAECOHBEEZRFAT I AE Y ha=2 AOBEEINFOMNT & 2 O T2/

Z B L THE 21T, LT ORCR 21572, (1) Ta/CoFeB/MgO FEJE 1 (2351 T CoFeB % il

95 Z & T, CoFeB/MgO D F it A MEICHE R 9~ 5 BE R BTN RBET 52 L2 R L7,
T TOMREFEORE SIINTEREZHAMT D LI KXo TERAETHDL Z &2 LT,

(2) (Ga, Mn)As A F v x L b LTz A v v afkD 7 — NEMAEFFOBERNRGB T2 ER LT, 7

— FEBMICEREZEINT LT, T/ « A — VOB Ry FOEENATRETH D = & &R
L72,(3) FERGME-EIR BT HEEICB T DU EMME AR O KR E S & A NLFIFERIRER & R

1R& M LT, (4) RERBKEGMEE A3 5 CoFeB/MgO fEfEHEE 2 V7= MTJ 28 40 nm A%

DAFERENE VLS| D KB E 72 T HAEME 2 [FIRFI e T 2 feetEn 25 Z L 2/ L7-, (5) %
BRI T2 A 45 CoFeB/MgO HIZ W\ T, Bt L 2MBEDBE 2 F23E LT,

- SEHEDFIE

1. AARHRRS TR IR T r /T &) B x V¥ — - AV hr =7 Ak
FEEIFE OAFFEBAFE | 12T, SEMFZEE &l L CLL T O 2572, (1) Co,MnSi/MgO 5t
IZ CoFe ZHi AT 5 Z & T, IR T350%E V) EWTMR EEEZGD Z LIZEI LT, (2) MTI # 1
Z Wz CAM B ORE L IEE 1T 72, (3) 7t A EKROBIEIES > X2k 5 CMOS i
[E] B RE DAL % 4~ 5 7212, Current Controlled-MOS Current Mode Logic (CC-MCML)/MTJ
AT Yy R ERS - R IE LT,

2. SCERRL A TR 1T B O -0 OWFERFE) OLEFNETH L [Eikee - BIKHEE
NAE T NA A« 2 ML=V HBEMORYE) 7my =7 MIBWT, SEFEE &l LT
LT ORERE 5T, (1) L1o-FePt FEWAL K> MRy MMEISnm)IZEBIT 5 A A v F o TSRS 8D
FRATIZ &L 0 | FVEEOIRBIE OSSN SNWZ E LN LT, (2) A¥T 4 v 7 T AZEHN
7o 7 XE =R (Ry M40 nm) DOFiek~—T BT LTz,

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 CoFeB/MgO interfacial
magnetic anisotropy and its control by the application of electric-fields. (2) Fabrication of magnetic
nano-dot ensemble from a (Ga,Mn)As thin layer by the application of electric field. (3) Establishment of
the relationship between the magnitude of nuclear quadrupole interaction and spin phase
relaxation time in nonmagnetic semiconductor quantum structures. (4) Demonstration for high
potential of perpendicular anisotropy CoFeB/MgO promising to become an essential building block for
future spintronics-based nonvolatile VLSIs. (5) Demonstration of current induced domain wall motion in
perpendicular anisotropy CoFeB/MgO structure.

1. Research activities in “Research and Development of Ultra-low Power Spintronics-based VLSIs”
program granted by JSPS through the FIRST program. (1) Achievement of high TMR ratio of 350% at RT
in Co,MnSi/MgO MTJ by inserting CoFe layer. (2) Design and fabrication of MTJ-device-based CAM
cells. (3) To overcome performance degradation in CMOS logic circuits, CC-MCML/MTJ hybrid circuits
were proposed and fabricated.

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) Demonstration of homogeneous formation of a L1o-type ordered structure in the FePt layers



from examination of the switching field distribution of L1,-FePt dot arrays with the size of 15 nm¢. (2) We
experimentally investigated the write-margin for bit patterned media using a static read/write tester.

@ EJO—KRN\Y FESRE (BEHR— FRiEth)
Ultra-Broadband Signal Processing (T.Otsuji and T.Suemitsu)

KT Z ~v BRI I O AT & BT 572Dz, Fibrkk - Bl - BrR B2 BRE L7=Hr L
b\77f\/1//**ka§%7/\4’2 B> 27 AORIH & Z 6 OEHREE - 51l AT LA~DJi

BT AR AHEE L T D, SR, FHIC TR L7 77 2 BT AT 7L
V%ﬁ%ﬁﬁ-%ﬁmm CEAT AT OB - FEIFA D FHEAH OFHLE e H R
7 BMERE OB L=, 5 12, InAIAS/INGaAs/InP ~T A BN L % mE B8 &
N7 oD REERIEL FYER T O ERE T HIFNICHE SN IREBE TS T AT DT 7
ALY BEARIE S K AT T~ LY i O S IRBIRN D LT,

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 be useful for realizing
such novel terahertz devices. We have succeeded in observation of amplified stimulated terahertz
emission and its threshold gain behavior in a femtosecond-infrared-laser-pumped graphene at room
temperature, testifying the theoretical prediction of our original for occurrence of negative terahertz
conductivity. We also study emission and detection of terahertz radiation by using two-dimensional
plasmons (2DPs) in quantum wells in semiconductor heterostructures. We have succeeded in
room-temperature emission of coherent terahertz radiation by collective excitation of 2DPs in
InAIAs/IgGaAs/InP high electron mobility transistors which we fabricated at the Laboratory for
Nanoelectronics and Spintronics, RIEC.

@ EFNERIZE (BE— - /MRESR)
Quantum-Optical Information Technology (K.Edamatsu and H.Kosaka)

1. MBS T ORE L, TOETEY, BETIER~OIGH

T ZE AW EFIEHREREICBW T MR AT FLE— RE b OH—EFOIAETTZ A~
NEETH D, RIS E T, PRSI Z T, @) ofli2 A~ MLE—
K% & BB ORERINZTE L TS, REEE, 20X HIC L THRAELZE—
T e ae—Lvr MEED, mOVEF WML RT 2 & 23ZEE LT, (Phys. Rev. A 5% 1256
)
2. EAFHFOIZDDOEL AT ¢ 7T EBT 34 ZADFHF

B EFHREE BT 2@ E R 2 RENICHE KT 2720 0B PO EREZ B L, L1770
OB IEREE AL ANEIBETHET AT 7’7TT§& ST OB EHED TN D, ﬂiﬁf
g FZHE L _EHEET Ny hoF— M MEZLY, 2F 7O = T:—I//X LA L, 58
~ULHIENFRETH D Z & ZEFRAIC R L7z (Physical Review B REIZ¥ %), F 7=, I\JE7°'77
A v 7T — AR E PRSI E OFEIC LY FEARTOEFAE O at — L RENTER
Lp)uﬁuujﬂ’é taRLT-.

We are investigating the high-efficiency generation of heralded single photons in a pure
spectrotemporal mode using the extended phase matching technique. We have demonstrated that the pure
single photos and a weak coherent photons exhibited high-visibility quantum interference.

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
theoretically shown that we can read out two-spin coherence and perform the complete Bell state
measurement of two electrons in a g-factor engineered double quantum dot. We have also shown that the
spin coherence of electrons in a semiconductor can be completely read out by the developed Tomographic
Kerr rotation method.
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Nano-Molecular Devices

® J/DFTNAR (EFEX - K#ESH)

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

OEZ RSP 2 IRV e 3 o N e e Y (U

DC~7 R bhr ANy XY 7 OHREERMEZHIETHZ LIk 0 ZHET X B QN 72
FHUEET VI = AR EICHERE L, R AREKEER O R E L CTHW, BT
ZUMEIX, T = AEORERE U CHEEET A2 2R LT, £, ZHET X VIEORE
DT 7R AERR T a e AL - THINE ., EICKREREMEEZH T OB EERlcx 5 2 &
s LT,
QBBERLIZ L DL T & ) ) F 2 — T EOE BB IH B E~D E B AL

DC ~ 7 % b r > &AW CEEMEHE MK - AE%&/%%EL/7/M7/% NNCEY
BET CEDOEBT X VIR BmIRIL T2 Z Lick v, BibF ¥ T ) Fo—TEEEENS
P AR E\CEBER T D Z Sk Lz, Zhic i@ (b F & v F ) F a2 —T DEFERENK
BB ~DIS AN AIRE & 22 o7, RERIC, BLT ¥ T/ F = — 7 Do B ROR B BB O FE Ak s
BhE LTI 2 L 2R LT,
Q@FELALFHI TIEC X DT Z VI L~ &k 1~ DO HERE

BRALFEO TR L > TR T 7 R AORK X 2 RKE BICSMRLT 28— TR 2 2 & 13N
Thotzh, HUMBEZHIET L LI2LY, RET7 7 RADOREREBRLT X U E~&T /3%
i -2 Y —IZHERE 35 Z L ITpksh L7z,
OMRREIFKICIB T DEYMERH DOV I 2 L— 3 LT K DG

TELOS E7 /L% b H U TR RIS KA T 3EME I DUV TR L 72, FRICIRERESNIZ 3 1
% R—=R2 VOO KIFT ROV TR Lz, ToOfE, IREKGESIBIM O EN & EPERIC
Mt A ZEnTE,

(DFabrication of a porous titanium counter electrode for dye-sensitized solar cells

The porous and dense titanium films were deposited on an aluminum layer by controlling the
condition of the DC magnetron sputtering. The titanium films were used as a counter electrode for
dye-sensitized solar cells. The dense titanium film protected an aluminum layer. The solution
treatment roughened the surface of the porous Ti film to yield the large surface area.
@Direct formation of anodic titanium oxide nanotube film on a transparent conductive oxide layer

The metallic titanium film was deposited on a transparent conductive oxide layer by the DC
magnetron method. The titanium oxide nanotube film was directly formed on a transparent conductive
oxide layer by anodizing the metallic titanium film in an ammonium fluoride based organic electrolyte.
The anodic titanium oxide nanotube film on a transparent conductive oxide layer was applied to
dye-sensitized solar cells.
(3Deposition of gold nanoparticles on a titanium oxide layer

We controlled the condition of the electrochemical deposition to homogeneously deposit gold
nanoparticles on a rough titanium oxide layer although it had been difficult to homogeneously deposit
them on rough surfaces by the electrochemically method.
@Simulation of the influence of medicine on a neuro network

The influence of medicine on a neuro network was simulated using the TELOS model. Especially, the
dopamine influence on the ocular movement was investigated. As a result, the simulation qualitatively
explained the delay of the ocular movement by doping a medicine.
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International Workshop on New Group IV Semiconductor
Nanoelectronics (RIEC Symp.)

(%1[E]: 200545H27-28H, 2[E]: 20065104 2-3H,
553MEl : 20074 11A8-9H, 24[H : 200859/ 25-27H,

555[E : 201051 H29-30H)

3rd Int. Workshop on New Group IV
Semiconductor Nanoelectronics



RIEC Symposium on Spintronics

(%1[E]: 20055%2H 8- 9H, %2[E : 200652 A 15-16H,

883[E : 20074 10A31H-11A1H, %4[E : 20084 10A9-10H,
555[E] : 20094 10H22-23H, #6[E : 2010%2A5-6H,

E7ME : 20114F2H3-4R8)

International Workshop on Nanostructure & Nanoelectronics
(%1[E: 2007511 A21- 22H,52[E : 2010638 11-12R)

RIEC-CNSI  Workshop on Nano & Nanoelectronics, 2nd RIEC Symposium on Spintronics-

Spintronics and Photonics MgO-based Magnetic Tunnel Junction-

s . Left: Albert Fert (received 2007 Nobel

(31[E: 2009410A22- 23H) Prize in Physics); Right: Russel
Cowburn

4—2 EBEURDOLEE (ForIaix (6. BEGER QIR

5 41 MEBEBREBERERERS VRO L

HI7ERIEC Ay ha=/ RAEET—F L a v
The 7th RIEC International Workshop on Spintronics

KEF w5
Hideo OHNO

Bl M APk 2342 H 3 H~4 H (2 HRE)
BT AL R PSRBT -/ » AV ER R

2011 422 A 3,4 H O B2, ARFEXOBEMIFEITN EMET HIERLERRY — 27 2 a v THHE T
J s AV CRBRER I B W TR S [ Z B R @bt - REPRBEIR, APEH T v ¥ — .
A bue =7 ZAEHELY AT LAE®Y X —TO 1st CSIS International Symposium on
Spintronics-based VLSIs (2 H 3~4 H)E DY a A > ML, BN 126 4 DN, EH NS OBINE
T2 X BRTe, TAVA, 7T A, GEE, AERNG 18 £ OMFEE ZHfmERE & LTl X
Joo WA —F v a Tk, A—F K Erya @E BRND 2 FO—BG#EE1H -7,
U—2 v ay TONFITHER b o 2V E . BB OIS, T b Z2FIH LA
TEAWACSCES - RERERSEVReME . Biamftr . BRI £ C. WP & Ko 0 Lyus 2 & T
JNVEEEZ IS — LT, {ERRidEma B LT, Ay br =7 ZEREKOM7ERRFEEIMN - fRE
BRIk G EERHGMNERY | HEFICABERRY — 2V vay T ehole, FHEDBMbLZ
BoHo, FHEOEHBEEABLE VWO BRNO b RERMREHEL LN TET,
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Atomically Controlled Processing and nano integration

A1l F/~AFRa7O0tR (ZEHEFE— - BEBX)
Atomically Controlled Processing
(J. Murota and M. Sakuraba)

A2 MM/ EB/B AT A (PEERA - EEEE)

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



Al F/AFO70tR (ZHE— - BEHX)
Atomically Controlled Processing (J. Murota and M. Sakuraba)

1. BEFREOERER. TyvFry, XELEICETIMA
Atomically-Controlled Growth, Etching and Surface Treatment
o B2 B TV iR T ) AT OIS Z BT D72 D12, i R O @R
IwF T, RELBZPIFTRL 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. 7O€RCHITHRARE ERICOHENEE EOHEICET MR
Mechanism of Surface Adsorption/Reaction at Surface and Its Control in Semiconductor
Processing
ERRAE T O Z O 6l RN LIV L2012, R & BUROHRE & T Ol
DWTHIEL TWwd.
In order to enhance controllability of semiconductor material processing, mechanism of surface
adsorption/reaction and its control are being studied.

3. EMH/NS — > DR E SBEARMYEIECEE T SR
Ultrafine Pattern Formation and High-Precision Doping Control
F ) A= F—FEII BT D LEEYE RS NMIT S22, BN Y — Dk
Pk & RS EE AR BN D W T L T2,
In order to clarify properties of nanometer-order patterned semiconductors, control of ultrafine
pattern formation and high-precision doping control are being investigated.

4. ANTOBEORELBHFBETNARICHT IR
Heterostructure Formation and Its Application to Ultrasmall Semiconductor Devices
R EAART N 2D SR LD 72 DI, AT DM 0O BHE SRR SR T N1 212D
WTHFFEL T,
In order to enhance performance of ultrasmall semiconductor devices, heterostructure formation
and its application to ultrasmall semiconductor devices are being investigated.

5. ANTOFEOYMEL{LF
Physics and Chemistry of Heterointerface
T A—FF—FOANTOMEEEBT 572012, AT ORAOWE EALFITDONTHE
FZLTWD,
In order to realize nanometer-order heterostructures, physics and chemistry of heterointerfaces
are being studied.

({E Hed 3] -

1. *“Atomically Controlled Plasma Processing for Group IV Quantum Heterostructure Formation™,
M. Sakuraba, K. Sugawara and J. Murota, Key Engineering Materials, Vol.470, pp.98-103,
(2011).

2. “Capture/Emission Process of Carriers in Heterointerface Traps Observed in the Transient
Charge Pumping Characteristics of SiGe/Si-Hetero-Channel pMOSFETs”, T. Tsuchiya, K.
Yoshida, M. Sakuraba and J. Murota, Key Engineering Materials, Vol.470, pp.201-206, (2011).

3. “Fabrication of High-Ge-Fraction Strained Si; 4Ge,/Si Hole Resonant Tunneling Diode Using

Low-Temperature Si;H; Reaction for Nanometer-Order Ultrathin Si Barriers”, K. Takahashi, M.
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M/ KB/ AT L (REBRE - (EREXE)

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

EHb=a—ZI Ry bV —ODEFEBREFEMEECET MR

Research for basic architectures of LSI neural networks and theirs learning efficiency
b= — I N3y N7 =7 & O AR S 27 LAOMRIEEBEL, TD
FEPEREZ AN - gt L THEREm L2 %,

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.

WEAELEER Y b — O ETIVICET SR

Research for inverse function delayed network models

TIT472a—0 ETITHS ID EFIINEMNT, HERLE S 257 L% HiF
ER

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

Za—OMFEEFIALACEFIHEECHET SR

Research for neuromorphic quantum computer

Za—OTEEFIA LR FEET VI ZLAORFEE. ZTOREETFNOEEZK
'60

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

BELEMAE— FEHEERCHAT SR

Research for superconducting phase-mode LSI

WL BT 2SR & T 2B R ERRE TR L 728 L WAt RS A5 L&
%)D

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.
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Semiconductor Spintronics and information technology

B1 ¥M®ERAEbOZSR, F/REVAEY
(KEFRS - KF#H= - REXL - thEET)
Semiconductor Spintronics and Nano-Spin Memory
(H.Ohno, Y.Ohno, F. Matsukura, and S.lkeda)

B2 @70—K/NY RMESLE (BidFE— FRitdt)
Ultra-Broadband Signal Processing
(T.Otsuji and T.Suemitsu)

B3 EBFABHRIF (BE— - /MRES)

Quantum-Optical Information Technology
(K.Edamatsu and H.Kosaka)
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B1 ¥B#4RAEXFAZIR. F/REVAEV
(KBRS - K= - 8L thEIET)
Semiconductor Spintronics and Nano-Spin Memory
(H. Ohno, Y. Ohno, F. Matsukura, and S. lkeda)

FEAE DR FIREBZGITE L TEIOEHT 2720 OMAEZED TS, K2, AL > &EEN
DHHEZED FEARAE L OS2 A, SROFREEICHESR THz 2b—L > MR
OMEZITTOTWD, £z, A MOZIAZBHLIEZAETFNA A « A ML —HME
il WA T > TV B,

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. ¥EEREY PO/ RICHET BHR
Semiconductor Spintronics
PEEIIBNTETORDEMOALST, AECOHBEZFHATLIHLNIL S k
OZZ A, ¥EEAE b0 AT 5K EZTT> TWa,
A new form of semiconductor electronics, semiconductor spintronics, where both charge and spin
degrees of freedom are used, is being studied.
1) SREETE A S KO O TR IE O &
Properties and Application of 111-V Based Ferromagnetic Semiconductors
LW IV EN—ZOFMEEFEADOS TH I ESY F 2 MBE)IZ X Mk &
& MENOBEBTAYE B U2 #i72 s BHEZ A S Z &1L 5 Rk T
WOFEZTT> TV,
Study of a new class of semiconductor, 11I-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) FHAEZE T INA A DWISE
Semiconductor Spin Devices
SRRETE MR &SR A GO L VW REIET INA A D HEMAIFRZTT > T D,
Exploration of novel spintronic semiconductor devices based on ferromagnet/semiconductor
structures is being carried out.

3) PEAR RGP OAE > O — L AW E &S RET N OIS
Properties and Application to Quantum Information Technology of Spin Coherence in I1I-V
Semiconductor Nanostructures

-V ESYFERBEMET BT 2F v U T RRTEOAEIZEAL, 7oA
N A— S O RE ZTToTEDOIE—L D AZRHRT 5 EEHIC, BT
AL BREADISHZIEL Tnd.

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. BFHBEICLSD THz~EFRAAREDHE
Population Inversion of Subbands Using Resonant Tunneling Structures and lIts
Application to THz Optical Devices
T0—27 >F v v AT O HE (InAs/(Ga,ADSb) ¥ T- 2 G b > R L HE S
(GaAs/(Ga,A)As)IZ BT TN REDEZEBZH W2 LWET NA ADORGE -« ilfE
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ZToTW5,

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.

BFHECS T2 EFHERROMR

Quantum Transport Properties of Double Quantum Well Heterostructures

(i - SRR BT 5 2 SO RO R T ABREH S NI 5720, MBEIZKSH
e GaAs/(Ga.ADAs 2 ER FHFRIEDOEKRE. 2 F 2 KLETRIO N FITNA AD
Al Ml Z > 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.

FEAETFBSCHT SR

Growth and Characterization of Semiconductor Quantum Nano Structures

MBE 12 & 2 (A B Xo0) - PR JooMEDER &2 5 OMERA OE
FYEEZTDIHIZDOVTIREL T,

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.

FT/RETNAR - AEUOHR

Nano-spin device and memory

AEZARY - O2y 7 EBUTIANT 7o B Z R T 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— - ALY bAZO AREERMEBIROMAFHRE

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

AASE RIS RPN B 70/ 5 A1 TETRLE— - AE> 0o 2
PR O ESE] 1BV T, ZEFEE EEEE L TAE > bo s AimBERIE
I EME NI B9 DR T O 7

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) A2 o= AMEHCBET 2015
Spintronics materials
AE 2 b0 =7 A PR RS A AE O SR R K HE D TN A A ENZ B S B
wATONI.
Advanced spintronics device materials for VLSI were studied.

2) A PAZIATNA AT 5
Spintonics devices
A FAERIEE A A E 2 Oy ATNA A0 EMERELIZ BT 2B Th Tz,
Spintronics devices with low write current, high thermal stability, high TMR and high
reliability were studied.

3) EHMAE > bOZ g AME - TINA AIZHT 2015
New Spintronics materials and devices
BN RBEACTIE - 7NA A, FEEAE > O AR - TN AEGRIZEE
LR TDI.
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Magnetic materials and devices for electic-field control, and semiconductor spintronic
materials and devices were studied.

4) AV 2 N0y Aim PRSI BRI BT B RS
Spintronics based logic circuits
HRRSWNTHMAE > ho = AamBERERE AT Y 7)) r—32a > 0&Er - H
FRRGEIZ BT SR Tz,
Design and verification of spintronics logic integrated circuits, and design for high-speed
and stable operation of spintronics VLSI were studied.

7. =iEE BIEEEBHREYTNAR - A MV —DRBBWICET MR
High-performance low-power consumption spin devices and super high-speed mass
storage HDD systems

SCERRE A DRIR IT JEBAE RO/ OMRRTE ORFRTH S [mEiee - BiIK
HEBEBNAETNA A - AL —PVHBHINORRE 702y MaBnwT, 7av
=7 FBERE S EE L TEEERERA L —2 L AT A0 TTHNZ,

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) 75 Ey bR/ NG — 2R 7R S DN R I ) — & Bl OB
Developments of high density patterned media and high sensitivity sensor
7z Ry b7 LARAE CERMBTEZERL. IS OERRHEDfT TN
bea
Fine dot arrays of Co based alloy films and spin accumulation devices were fabricated and
their fundamental properties were studied.

(& Fe At am 3]

1. S.R. Dunsiger, J. P. Carlo, T. Goko, G. Nieuwenhuys, T. Prokscha, A. Suter, E. Morenzoni, D.
Chiba, Y. Nishitani, T. Tanikawa, F. Matsukura, H. Ohno, J. Ohe, S. Maekawa, and Y. J. Uemura,
"Spatially homogeneous ferromagnetism of (Ga, Mn)As", Nature Materials, Vol. 9, pp. 299,
April 2010.

2. R.Takemura, T. Kawahara, K. Miura, H. Yamamoto, J. Hayakawa, N. Matsuzaki, K. Ono, M.
Yamanouchi, K. Ito, H. Takahashi, S. Ikeda, H. Hasegawa, H. Matsuoka, and H. Ohno, "A
32-Mb SPRAM With 2T1R Memory Cell, Localized Bi-Directional Write Driver and '1'/'0’
Dual-Array Equalized Reference Scheme", IEEE Journal of Solid-State Circuits, Vol. 45, pp. 869,
April 2010.

3. K. Mizunuma, S. lkeda, H. Yamamoto, H. D. Gan, K. Miura, H. Hasegawa, J. Hayakawa, K. Ito,
F. Matsukura, H. Ohno, "CoFeB inserted perpendicular magnetic tunnel junctions with CoFe/Pd
multilayers for high tunnel magnetoresistance ratio", Japanese Journal of Applied Physics, Vol.
49, pp. 04DMO04, April 2010.

4. D. Chiba, Y. Nakatani, F. Matsukura, and H. Ohno, "Simulation of magnetization switching by
electric-field manipulation of magnetic anisotropy", Applied Physics Letters, Vol. 96, pp. 192506,
May 2010.

5. H.D.Gan, S. Ikeda, W. Shiga, J. Hayakawa, K. Miura, H. Yamamoto, H. Hasegawa, F.
Matsukura, T. Ohkubo, K. Hono, and H. Ohno, "Tunnel magnetoresistance properties and film
structures of double MgO barrier magnetic tunnel junctions", Applied Physics Letters, Vol. 96,
pp. 192507, May 2010.

6. M. Endo, S. Kanai, S. Ikeda, F. Matsukura, and H. Ohno, "Electric-field effects on thickness
dependent magnetic anisotropy of sputtered MgO/CogsoFesoB2o/Ta structures," Applied Physics |
Letters, Vol. 96, pp. 212503, May 2010.

101



7.

8.

9.

10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

(
1.

2.

A Kanda, A. Suzuki, F. Matsukura, and H. Ohno, "Domain wall creep in (Ga,Mn)As," Applied
Physics Letters, Vol. 97, pp. 032504, July 2010.

S. Ikeda, K. Miura, H. Yamamoto, K. Mizunuma, H. D. Gan, M. Endo, S. Kanai, J. Hayakawa, F.
Matsukura, and H. Ohno, "A perpendicular-anisotropy CoFeB-MgO magnetic tunnel junction,"
Nature Materials, Vol. 9, pp. 721, August 2010.

J. Misuraca, J. Trbovic, J. Lu, J. Zhao, Y. Ohno, H. Ohno, P. Xiong, and S. V. Molnar, "Band-tail
shape and transport near the metal-insulator transition in Si-doped Al0.3Ga0.7As," Physical
Review B, Vol. 81, pp. 045208, September 2010.

M. Kohda, J. Ogawa, J. Shiogai, F. Matsukura, Y. Ohno, H. Ohno, J. Nitta, "Width and
temperature dependence of lithography-induced magnetic anisotropy in (Ga,Mn)As wires,"
Physica E, Vol. 42, pp. 2685, October 2010.

Y. Nishitani, M. Endo, F. Matsukura, H. Ohno, "Magnetic anisotropy in a ferromagnetic
(Ga,Mn)Sb thin film," Physica E, Vol. 42, pp. 2681, October 2010.

A. Tsukazaki, S. Akasaka, K. Nakahara, Y. Ohno, H. Ohno, D. Maryenko, A. Ohtomo, and M.
Kawasaki, "Observation of the fractional quantum Hall effect in an oxide," Nature Materials, Vol.
9, pp. 889, November 2010.

D. Chiba, F. Matsukura, and H. Ohno, "Electrically Defined Ferromagnetic Nanodots," Nano
Letters, Vol. 10, pp. 4505, November 2010.

H. Ohno, "A window on the future of spintronics", Nature Materials, Vol. 9, pp. 952-954,
November 2010.

M. Endo, F. Matsukura, H. Ohno, "Current induced effective magnetic field and magnetization
reversal in uniaxial anisotropy (Ga,Mn)As," Applied Physics Letters, Vol. 97, pp. 222501 (3
pages), November 2010.

K. Mizunuma, M. Yamanouchi, S. Ikeda, H. Sato, H. Yamamoto, H. D. Gan, K. Miura, J.
Hayakawa, F. Matsukura, and H. Ohno, "Pd Layer Thickness Dependence of Tunnel
Magnetoresistance Properties in CoFeB/MgO-Based Magnetic Tunnel Junctions with
Perpendicular Anisotropy CoFe/Pd Multilayers," Applied Physics Express, Vol. 4, 023002 (3
pages), February 2011.

S. Fukami, T. Suzuki, Y. Nakatani, N. Ishiwata, M. Yamanouchi, S. Ikeda, N. Kasai, and H.
Ohno, "Current-induced domain wall motion in perpendicularly magnetized CoFeB nanowire,"
Applied Physics Letters, Vol. 98, 082504, February 2011.

K. Mizunuma, S. Ikeda, H. Sato, M. Yamanouchi, H. D. Gan, K. Miura, H. Yamamoto, J.
Hayakawa, F. Matsukura, and H. Ohno, "Tunnel magnetoresistance properties and annealing
stability in perpendicular anisotropy MgO-based magnetic tunnel junctions with different stack
structures," Journal of Applied Physics, Vol. 109, 07C711, March 2011.

M. Yamanouchi, R. Koizumi, S. Ikeda, H. Sato, K. Mizunuma, K. Miura, H. D. Gan, F.
Matsukura, and H. Ohno, "Dependence of magnetic anisotropy on MgO thickness and buffer
layer in CosgFegB2p-MgO structure," Journal of Applied Physics, Vol. 109, 07C712, March
2011. .

EHefam ] VT

T. Endoh, F. Iga, S. lkeda, K. Miura, J. Hayakawa, M. Kamiyanagi, H. Hasegawa, T. Hanyu, and
H. Ohno, "The Performance of Magnetic Tunnel Junction Integrated on the Back-End Metal
Line of Complimentary Metal-Oxide—Semiconductor Circuits", Japanese Journal of Applied
Physics, Vol. 49, 04DMO06, April 2010.

S. Matsunaga, M. Natsui, K. Hiyama, T. Endoh, H. Ohno, and T. Hanyu, "Fine-Grained
Power-Gating Scheme of a Metal-Oxide—Semiconductor and Magnetic- Tunnel-Junction-Hybrid
Bit-Serial Ternary Content-Addressable Memory", Japanese Journal of Applied Physics, Vol. 49,
04DMOS5, April 2010.

102



M. Kamiyanagi, F. Iga, S. Ikeda, K. Miura, J. Hayakawa, H. Hasegawa, T. Hanyu, H. Ohno, T.
Endoh, "Transient characteristic of fabricated Magnetic Tunnel Junction (MTJ) programmed
with CMOS circuit", IEICE Transacions on Electronics, Vol.E93-C, No.5, pp.602, May 2010

F. Iga, M. Kamiyanagi, S. Ikeda, K. Miura, J. Hayakawa, H. Hasegawa, T. Hanyu, H. Ohno, T.
Endoh, "Study of the DC Performance of Fabricated Magnetic Tunnel Junction Integrated on
Back-end Metal Line of CMOS Circuits", IEICE Transacions on Electronics, Vol.E93-C, No.5,
pp.608, May 2010

H. Saga, K. Shirahata, K. Mitsuzuka, T. Shimatsu, H Aoi and H. Muraoka, "Experimental write
margin analysis of bit patterned media", Journal of Applied Physics, vol. 109, 07B721, March
2011.

T. Shimatsu, Y. Inaba, H. Kataoka, J. Sayama, H. Aoi, S. Okamoto and O. Kitakami, "Dot
arrayas of L1o-FePt ordered alloy perpendicular films fabricated using low-temperature sputter
film deposition”, Journal of Applied Physics, vol. 109, 07B726, March 2011.

FIRGE—fst, WRMSRT, =widen], SR, EHIE RRABYLAY T v I TAFI
K HNY — RO ER~ — 2 > ORNE", Journal of the Magnetics Society of Japan, vol.
35, pp. 171, March 2011.

P

1.

10.

L1

H. Ohno, "Spintronics Meets CMOS VLSI (Invited)", Tohoku University, Japan-National Chiao
Tung University & National Nano Device Laboratories, Taiwan Joint Workshop on
Nano-Process and Nano-Device, Apr.23-24, 2010.

H. Ohno, "Spintronics: Nanoscience and Nanoelectronics (Invited)", IEEE Magnetics Society
Distinguished Lecture for 2009, May 19, 2010.

H. Ohno, "Magnetic Semiconductors (Invited)", Progress in Spintronics and Graphene Research,
May 20, 2010.

H. Ohno, "Magnetic Random Access Memories + Discussion (Invited)", Progress in Spintronics
and Graphene Research, May 20, 2010.

H. Ohno, "Electrical Gating of Magnetism in (Ga,Mn)As and Beyond (Invited)", Huangkun
Semiconductor Science and Technology Forum, May 21, 2010.

H. Ohno, "Exploring Magnetism with Ferromagnetic 11I-V Semiconductors (Tutorial)",
International Conference on Core Research and Engineering Science of Advanced Materials
(Global COE Program) & 3rd International Conference on Nanospintronics Design and
Realization (3rd-ICNDR) , May 30-June 5, 2010.

H. Ohno, "Gating Magnetism of Ferromagnetic Semiconductors (Plenary)", International
Conference on Core Research and Engineering Science of Advanced Materials (Global COE
Program) & 3rd International Conference on Nanospintronics Design and Realization
(3rd-ICNDR) , May 30-June 5, 2010.

M. Ono, H. Kobayashi, S. Matsuzaka, Y. Ohno and H. Ohno, "Nuclear spin relaxation in a
Schottky gated n-GaAs quantum well, " The 37th International Symposium on Compound
Semiconductors, 31 May-4 June 2010.

M. Endo, F. Matsukura, and H. Ohno, "Magnetization manipulation in (Ga,Mn)As by SOI
induced effective magnetic field", The 37th International Symposium on Compound
Semiconductors (ISCS2010), June 1, 2010.

H. Ohno, "Spintronics for Nonvolatile Silicon Nanoelectronics (Invited)", International
Symposium on Technology Evolution for Silicon Nano-Electronics (ISTESNE), June 3-5, 2010.

H. Ohno, "Spintronics: Physics, Materials Science and Applications (Tutoerial)", 29th Electronic
Materials Symposium (EMS29), July 14-16, 2010.
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18.

19.

20.

21,

22

23.

24,

25,

26.

27,

28.

F. Matsukura and H. Ohno, "Gating ferromagnetic semicondoctor (Ga,Mn)As (Invited)",
Shanghai Workshop on Spintronics and Low Dimensional Magnetism, June 17, 2010.

J. Ishihara, M. Ono, G. Sato, S. Matsuzaka, Y. Ohno and H. Ohno, "Magnetic field dependence
of nuclear spin coherence in a GaAs quantum well," 29th Electronic Materials Symposium, June

29-July 1, 2010.

K. Mizunuma, S. Ikeda, H. Yamamoto, H. D. Gan, K. Miura, J. Hayakawa, K. Ito, F. Matsukura
and H. Ohno, "TMR Properties of Perpendicular MTJs with Thin Pd Based Multilayers",
International Symposium on Advanced Magnetic Materials and Applications (ISAMMA 2010),
July 14, 2010.

S. Kanai, M. Endo, S. Ikeda, F. Matsukura, and H. Ohno, "Magnetic anisotropy modulation in
Ta/CoFeB/MgO structure by electric fields", International Symposium on Advanced Magnetic
Materials and Applications, (ISAMMA2010), July 14, 2010.

M. Endo, F. Matsukura, and H. Ohno, "Magnetization reversal in (Ga,Mn)As by using spin-orbit
interaction effective field", International Symposium on Advanced Magnetic Materials and
Applications (ISAMMA 2010), July 16, 2010.

F. Matsukura, "Effect of electric field on magnetism on thin ferromagnetic layers (Invited)",
International Conference on Superlattices, Nanostructures and Nanodevices (ICSNN2010), July

18,2010

M. Endo, F. Matsukura, and H. Ohno, "Characterization of spin-orbit interaction induced
effective magnetic fields in (Ga,Mn)As by resistance polar plot", 30th International Conference
on the Physics of Semiconductors (ICPS2010), July 27, 2010.

M. Ono, G. Sato, J. Ishihara, S. Matsuzaka, Y. Ohno, H. Ohno, "Nuclear spin coherence time in a
strained GaAs quantum well," the 30th International Conference on the Physics of
Semiconductors (ICPS 2010), Seoul, Korea July 25 - 30, 2010.

G. Sato, M. Ono, J. Ishihara, S. Matsuzaka, Y. Ohno, H. Ohno, "Strain dependence of nuclear
spin coherent time in a GaAs quantum well," The 6th International Conference on the Physics
and Applications of Spin Related Phenomena in Semiconductors", Aug.1-4, 2010.

J. Ishihara, M. Ono, G. Sato, S. Matsuzaka, Y. Ohno, H. Ohno, "Magnetic field dependence of
nuclear quadrupole interaction in a (110) GaAs quantum well," The 6th International Conference
on the Physics and Applications of Spin Related Phenomena in Semiconductors", Aug.1-4, 2010.

S. Teraoka, S. Amaha, T. Hatano, T. Kubo, Y. Tokura, Y. Ohno, H. Ohno, S. Tarucha, "Spin
resonance and spin-orbit coupling effects in two dimensional hole systems in
GaAs/AlGaAs(311)A heterostructures," The 6th International Conference on the Physics and
Applications of Spin Related Phenomena in Semiconductors", Aug.1-4, 2010.

D. Chiba, K. Kobayashi, T. Ono, F. Matsukura, and H. Ohno, "Electric field induced
magnetization switching in a (Ga,Mn)As field effect structure", The 6th International Conference

on the Physics and Applications of Spin Related Phenomena in Semiconductors (PASPS —VI),
Aug 1-4, 2010.

F. Matsukura, A. Fukunaga, S. Koike, M. Endo, S. Ikeda, and H. Ohno, "Inverse spin Hall effect
in a (Ga,Mn)As/p-GaAs bilayer structure", The 6th International Conference on the Physics and
Applications of Spin Related Phenomena in Semiconductors (PASPS —VI), Aug 1-4, 2010.

H. Ohno, "Ferromagnetic 111-V Semiconductor Spintronics (Plenary)", 16th International
Conference on Molecular Beam Epitaxy, Aug.22 -27, 2010.

F. Matsukura, "Electric field effect on prperties in thin ferromagnetic layers (Invited)",
AMIT2010, Sep.10, 2010.

H. Ohno, "Physics and material science of MgO-CoFeB structures (Invited)", 2010 IEEE 7th
International Symposium on Metallic Multilayers (MML2010), Sep.19-24, 2010.

H. D. Gan, S. Ikeda, W. Shiga, J. Hayakawa, K. Miura, H. Yamamoto, F. Matsukura, T. Ohkubo,
K. Hono, H. Ohno, "Tunnel magnetoresistance properties of double MgO-barrier magnetic
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30.

31

32.

33.

34.

35.

36.
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38.

39.

40.

41.

42,

43,

44.

45.

tunnel junctions with different free-layer alloy compositions and structures", 2010 IEEE 7th
International Symposium on Metallic Multilayers (MML2010), Sep.19-24, 2010

J. Ishihara, M. Ono, G. Sato, S. Matsuzaka, Y.Ohno and H. Ohno, "Magnetic Field Dependence
of Quadrupoar Splitting and Nuclear Spin Coherence in a (110) GaAs/AlGaAs Quantum Well,"
2010 International Conference on Solid State Devices and Materials, September 22-24, 2010.

H. Ohno, "MgO-based Magnetic Tunnel Junction for CMOS VLSI Integration (Invited)",
International Conference on Nanoscale Magnetism(ICNM), Sep.28, 2010.

H. Ohno, "Recent progress on MgO-barrier magnetic tunnel junction (Invited)", Seminar at
National Taiwan University, Oct.1, 2010.

H. Ohno, "Nonvolatile CMOS VLSI with Spintronics (Invited)", 8th International Workshop on
Future Information Processing Technologies (IWFIPT), Oct.19, 2010.

K. Mizunuma, S. Ikeda, M. Yamanouchi, H. Yamamoto, H. D. Gan, K. Miura, R. Koizumi, J.
Hayakawa, F. Matsukura, and H. Ohno, "TMR properties and annealing stability in MgO barrier
MTIJs with CoFe/Pd perpendicular anisotropy multilayer electrodes", The 3rd Student
Organizing International Mini-Conference on Information Electronics Systems, Oct.20, 2010.

H. Ohno, "MgO-based Magnetic Tunnel Junctions for Integrated Circuit Applications (Invited)",
International Conference on Magnetic Materials (ICMM), Oct.28, 2010.

D. Chiba, K. Kobayashi, T. Ono, F. Matsukura, and H. Ohno, "Magnetization switching and
nan-dot formation by electric field in (Ga,Mn)As structure (Invited)", Super-PIRE kickoff
meeting, Oct.29, 2010.

L. R. Fleet, H. Kobayashi, Y. Ohno, J. -Y. Kim, C. H. W. Barnes, and A. Hirohata, "Interfacial
structure and transport properties of Fe/GaAs(001)," The 55th Annual Conference on Magnetism
and Magnetic Materials, Nov.14-18, 2010.

H. Kobayashi, S. lkeda, L. Fleet, A. Hirohata, Y. Ohno, and H. Ohno, "Electrical detection of
spin polarized electrons in n-GaAs/MgO/CoFe junctions" The 55th Annual Conference on
Magnetism and Magnetic Materials, Nov.14-18, 2010.

H. Ohno, "Magnetic Tunnel Junction for Integrated Circuits: Scaling and Beyond (Tutorial)",
55th Annual Conference on Magnetism & Magnetic Materials (MMM2010), Nov.15, 2010.

F. Matsukura, "Electric field effects on magnetic semiconductors and metals (Invited)", 55th
Annual Conference on Magnetism & Magnetic Materials (MMM2010), Nov.15, 2010.

K. Miura, S. Ikeda, M. Yamanouchi, H. Yamamoto, K. Mizunuma, H. D. Gan, J. Hayakawa, R.
Koizumi, M. Endo, S. Kanai, F. Matsukura and H. Ohno, "Large tunnel magnetoresistance, low
current switching and high thermal stability in CoFeB/MgO based magnetic tunnel junctions
with perpendicular anisotropy of 40-nm scale", 55th Annual Conference on Magnetism and
Magnetic Materials, Nov.15, 2010.

M. Yamanouchi, R. Koizumi, S. Ikeda, K. Mizunuma, K. Miura, H. D. Gan, F. Matsukura, and H.
Ohno, "The dependence of the magnetic anisotropy on buffer layer and MgO thickness in
CoxgFeqB20/MgO structures for magnetic tunnel junction”, 55th Annual Conference on
Magnetism and Magnetic Materials, Nov.16, 2010.

K. Mizunuma, S. Ikeda, M. Yamanouchi, H. Yamamoto, H. D. Gan, K. Miura, R. Koizumi, J.
Hayakawa, F. Matsukura, and H. Ohno, "Stack structures for realization of high annealing
stability in perpendicular magnetic tunnel junctions with CoFe/Pd multilayer electrodes”, 55th
Annual Conference on Magnetism and Magnetic Materials, Nov.18, 2010.

H. Ohno, "Perpendicular MgO-CoFeB Magnetic Tunnel Junction (Invited)", 6th Taiwan
International Conference on Spintronics (TICSpin), Dec.3, 2010.

H. Ohno, T. Endoh, T. Hanyu, N. Kasai and S. lkeda, "Magnetic Tunnel Junction for Nonvolatile
CMOS Logic (Invited)", 2010 International Electron Devices Meeting(IEDM), Dec.6, 2010.

K. Miura, S. Ikeda, M. Yamanouchi, H. Yamamoto, K. Mizunuma, H. D. Gan, J. Hayakawa, R.
Koizumi, M. Endo, S. Kanai, F. Matsukura and H. Ohno, "CoFeB/MgO-based magnetic tunnel
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47.

48.

49.

50.

51

52.

53.

54.

55.

56.

9l

junctions with perpendicular anisotropy for CMOS logic integration (Invited)", ICAUMS 2010,
Dec.6, 2010.

F. Matsukura, "Electric-field control of magnetism in semiconductors and metals (Invited)",
FNST2011, Jan.6, 2011

H. Ohno, "Perpendicular Magnetic Anisotropy at the Interface of MgO-CoFeB (Invited)", 38th
Conference on the Physics & Chemistry of Surfaces & Interfaces, Jan.19, 2011.

Yuzo OHNO, "Optical detection of nuclear spin coherence in a GaAs/AlGaAs quantum well
(Invited)", Tohoku-York Joint Seminar, Sendai, Jan.19-20, 2009.

M. Yamanouchi, A. Jander, P. Dhagat, S. Ikeda, F. Matsukura, and H. Ohno, "Domain patterns
under demagnetization states in CoFeB/MgO structures with perpendicular anisotropy (Invited)",
1st CSIS International Symposium on Spintronics-based VLSIs and 7th RIEC International
Workshop on Spintronics, Feb.3, 2011.

S. Ikeda, M. Yamanouchi, H. Sato, K. Miura, K. Mizunuma, H. Yamamoto, R. Koizumi, H. D.
Gan, M. Endo, S. Kanai, J. Hayakawa, F. Matsukura, and H. Ohno, "Materials design and
science of magnetic tunnel junctions with perpendicular anisotropy electrodes for VLSIs
(Invited)", 1st CSIS International Symposium on Spintronics-based VLSIs and 7th RIEC
International Workshop on Spintronics, Feb.3, 2011.

K. Mizunuma, M. Yamanouchi, S. Ikeda, H. Sato, H. Yamamoto, H..D. Gan, K. Miura, J.
Hayakawa, F. Matsukura, and Hideo Ohno, "Annealing stability for tunnel magnetoresistance in
MgO-CoFeB based magnetic tunnel junctions with perpendicular anisotropy CoFe/Pd
multilayers", 1st CSIS International Symposium on Spintronics-based VLSIs and 7th RIEC
International Workshop on Spintronics, Feb.3, 2011.

H. D. Gan, S. Ikeda, M. Yamanochi, K. Mizunuma, K. Miura, F. Matsukura, and H. Ohno,
"Influence of Boron composition on tunnel magnetoresistance properties of double-MgO-barrier
magnetic tunnel junctions", 1st CSIS International Symposium on Spintronics-based VLSIs and
7th RIEC International Workshop on Spintronics, Feb.3, 2011.

H. Sato, R. Koizumi, M. Yamanouchi, S. lkeda, K. Miura, K. Mizunuma, H. D. Gan, F.
Matsukura, and H. Ohno, "Annealing effect on perpendicular magnetic anisotropy of
CoFeB/MgO structure", Ist CSIS International Symposium on Spintronics-based VLSIs and 7th
RIEC International Workshop on Spintronics, Feb.3, 2011.

H. D. Gan, S. Ikeda, M. Yamanouchi, H. Sato, K. Miura, K. Mizunuma, H. Yamamoto, R.
Koizumi, M. Endo, S. Kanai, J. Hayakawa, F. Matsukura, and H. Ohno, "High performance
magnetic tunnel junctions with 40 nme", International Symposium on Innovative
Nanoelectronics and Systems, Feb.16, 2011.

H. Sato, K. Mizunuma, S. Ikeda, K. Miura, H. Yamamoto, J. Hayakawa, H. D. Gan, M.
Yamanouchi, F. Matsukura, and H. Ohno, "Materials design of MgO barrier magnetic tunnel
junctions", International Symposium on Innovative Nanoelectronics and Systems, Feb.16, 2011

H. Ohno, "Spintronics Meets VLSI - toward nonvolatile electronics — (Invited)", International
Symposium on Innovative Nanoelectronics and Systems,Feb.16,2011.

H. Ohno, "Toward new paradigm for semiconductor LSI of the "Post-Moore" ear (Invited)", 8th
ITEC International Conference on Overcoming Two "Ends", Mar.4, 2011.

(P 2aeTER] RN

1.

Tetsuo Endoh, "Spin Transfer Torque MRAM (SPRAM) and its applications (Invited)", The
International Technology Roadmap for Semiconductors (1TRS), Apr.6, 2010.

T. Hanyu, "MOS/MTJ-Hybrid Circuit with Nonvolatile Logic-in-Memory Architecture and Its
Impact (Invited)", 2010 28th IEEE VLSI Test Symposium, Apr.21, 2010.
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11.

12.

13.

14.

15.

16.

17

18.

19.

T. Shimatsu, K. Mitsuzuka, N. Kikuchi, O. Kitakami and H. Aoi, "Nucleation Size of hcp-CoPt
Dot Arrays", The Ninth Perpendicular Magnetic Recording Conference (PMRC), May 17-19,
2010.

H. Aoi, H. Saga, R. Tatsuno, K. Shirahata, K. Mitsuzuka, K. Miura, T. Shimatsu and H. Muraoka,
"Basic read/write characteristic measurements of BPM with static tester", The Ninth
Perpendicular Magnetic Recording Conference, Sendai, Japan, May 17-19, 2010.

T. Ishigaki, T. Kawahara, R. Takemura, K. Ono, K. Ito, H. Matsuoka and H. Ohno, "A
Multi-Level-Cell Spin-Transfer Torque Memory with Series-Stacked Mangetotunnel Junctions",
2010 Symposia on VLSI Technology and Circuits, June 15, 2010.

Tetsuo Endoh (Moderator), "Rump Session: The future of Embedded Memory (Invited)", 2010
Symposia on VLSI Technology and Circuits, June 15, 2010.

M. Oogane, S. Tsunegi, E. Ozawa, H. Naganuma, and Y. Ando, "Tunnel magnetoresistance effect
in magnetic tunnel junctions with very thin insertion layer", International Symposium on
Advanced Magnetic Materials and Applications (ISAMMA2010), July 14, 2010.

E. Ozawa, S. Tsunegi , M. Oogane and Y. Ando, "The effect of inserting thin Co2MnAl layer
into the Co2MnSi/MgO interface on TMR effect", International Symposium on Advanced
Magnetic Materials and Applications (ISAMMA2010), July 14, 2010.

T.Aoki, Y.Ando, M.Oogane, and H.Naganuma, "Thermal effect on sub-ns spintransfer switching
for MgO-based magnetic tunnel junctions", International Symposium on Advanced Magnetic
Materials and Applications (ISAMMA2010), July 14, 2010.

T.Aoki, Y.Ando, M.Oogane, and H.Naganuma, "Dynamic intermediate state during ns
spin-transfer switching for MgO-based magnetic tunnel junctions", International Symposium on
Advanced Magnetic Materials and Applications (ISAMMA2010), July 14, 2010.

T.Shimatsu, K. Mitsuzuka, N. Kikuchi, O. Kitakami and H.Aoi, "Nucleation Size of hcp-CoPt
Nano-Dot Arrays", International Symposium on Advanced Magnetic Materials and Applications
(ISAMMA2010), July 16, 2010.

M. Oogane, L. Jiang, Y. Ohdaira, H. Naganuma, Y. Ando, "Tunnel magnetoresistance effect in
double barrier magnetic tunnel junctions (Invited)", 2010 Gordon research conference, Aug.11,
2010.

S. Matsunaga, M. Natsui, H. Ohno, and T. Hanyu, "Power-Aware Bit-Serial Binary
Content-Addressable Memory Using Magnetic- Tunnel-Junction-Based Fine-Grained
Power-Gating Scheme", 2010 International Conference on Solid State Devices and Materials
(SSDM 2010), Sep.23, 2010.

D. Suzuki, M. Natsui, H. Ohno, and T. Hanyu, "Design of a Process-Variation-Aware
Nonvolatile MTJ-Based Lookup-Table Circuit", 2010 International Conference on Solid State
Devices and Materials (SSDM 2010), Sep.24, 2010.

N. Kasai, S. Ikeda, T. Hanyu, T. Endoh and H. Ohno, "MRAM Technology for Embedded
Application in Logic Integrated Circuits (Invited)", New Non- Volatile Memory Workshop 2010,
Nov.11, 2010.

H. Aoi, H. Saga, K. Shirahata, K. Miura, T. Shimatsu and H. Muraoka, "Experimental write
margin analysis of bit patterned media", 55th Annual Conference on Magnetism and Magnetic
Materials, Nov.15, 2010.

H. Yamamoto, J. Hayakawa, K. Ito, K. Miura, H. Matsuoka, S. Ikeda and H. Ohno, "Control of
magnetic anisotropy in CoFeB by capping layer for current induced magnetization switching",
55th Annual Conference on Magnetism and Magnetic Materials, Nov.15, 2010.

N. Inami, H. Naganuma, M. Oogane, Y. Ando, S. lkeda, H. Ohno, "Spin-torque diode eftect in
magnetic tunnel junctions with synthetic ferrimagnetic layers", 55th Annual Conference on
Magnetism and Magnetic Materials, Nov.16, 2010.

T. Aoki, Y. Ando, T. Oka, M. Oogane, H. Naganuma, "Single shot measurement of
inhomogeneous magnetization behavior in the ns spin-transfer switching for MgO-based
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20.

21.

22,

23.

24.

25.

26.

27

28.

29.

B2

magnetic tunnel junctions", 55th Annual Conference on Magnetism and Magnetic Materials,
Nov.17, 2010.

H. Naganuma, M. Oogane, Y. Ando, "Exchange biases of Co, Py, CossFeqoB1g, CorsFezs, and
CosoFesy on epitaxial BiFeOs; films prepared by chemical solution deposition", 55th Annual
Conference on Magnetism and Magnetic Materials, Nov.18, 2010.

T. Shimatsu, Y. Inaba, H. Kataoka, J. Sayama, H. Aoi, O. Kitakami and S. Okamoto, "Dot arrays
of L1y type FePt ordered alloy perpendicular films fabricated by low-temperature sputter film
deposition”, 55th Annual Conference on Magnetism and Magnetic Materials, Nov.18, 2010.

H. Kataoka, T. Shimatsu, K. Mitsuzuka, H. Aoi, N. Kikuchi and O. Kitakami, "Nucleation size
for dot arrays of Co-Pt based perpendicular films characterized by time dependence of
coercivity", 55th Annual Conference on Magnetism and Magnetic Materials, Nov.18, 2010.

Tetsuo Endoh, S. lkeda, T. Hanyu, N.Kasai and H.Ohno, "Scalable STT RAM Technology
(Invited)", ITRS ERD, Nov.30, 2010.

Nobubhito Inami, Hiroshi Naganuma, Mikihiko Oogane, Yasuo Ando, Shoji Ikeda, Hideo Ohno,
"Influence of magnetic field on spin torque diode effect in magnetic tunnel junctions with
CoFeB/Ru/CoFeB synthetic ferrimagnetic layer", ICAUMS2010, Dec.8, 2010.

Tetsuo Endoh, S. Ikeda, T. Hanyu, N.Kasai and H.Ohno, "Nonvolatile computer systems and
memory hierarchy transformation with STT RAM technology", 1st CSIS International
Symposium on Spintronics-based VLSIs and 7th RIEC International Workshop on Spintronics,
Feb.3, 2011.

Nobubhito Inami, Hiroshi Naganuma, Mikihiko Oogane, Yasuo Ando, Shoji Ikeda, and Hideo
Ohno, "Spin torque diode effect of magnetic tunnel junction with synthetic ferrimagnetic free
layer", IEEE International Magnetics Conference, Feb.3, 2011.

Hiroshi Naganuma, Mikihiko Oogane, and Yasuo Ando, "Exchange bias of multiferroic BiFeO;
epitaxial films", 1st CSIS International Symposium on Spintronics-based VLSIs and 7th RIEC
International Workshop on Spintronics, Feb.3, 2011.

M. Oogane, T. Kubota, Y. Kota, S. Mizukami, H. Naganuma, A. Sakuma and Y. Ando, "Gilbert
magnetic damping constant of Co-based Heusler alloy thin films", 1st CSIS International
Symposium on Spintronics-based VLSIs and 7th RIEC International Workshop on Spintronics,
Feb.3, 2011.

H. Yamamoto, K. Ono, T. Morita, S. Ikeda and H. Ohno, "A post oxidation process of Mg layer
for MgO barrier magnetic tunnel junctions", 1st CSIS International Symposium on
Spintronics-based VLSIs and 7th RIEC International Workshop on Spintronics, Feb.3, 2011.

B70— RNV RMMESLE (BadFE— FxAEth)
Ultra-Broadband Signal Processing (T.Otsuji and T.Suemitsu)

MEEI VR - TIONVYEREREBTFTNAZRDOHAR
Novel millimeter-wave and terahertz-wave integrated microelectronic devices
WERARBOBREFEITH DI Vil - 7 IV (BT UMD MO & IA,
FKHILT D72DIZ, AEHTHET S8 L WETFTNA Z:FJJ:UH;E%/XTAODQMH i
%hb@ln‘%ﬁiuﬁ{n Gt AT LANDIGHICB T DM R FEET > Thd, Bz, P
WMANT OEEGMIEICRBT TS R 7 I XE B E NI H L WEHERBIZ ML
FREBMMOIE—L > b T IV EMETEE - 5T NA X O ZiE D T
W, EBTTNA R - KFTNA ARG OEERRZFIFICRERT 2T —7 A)N—&
LTHAELTWS, B2, Y THEEBIZRHE LIZERIT T 7 XE > O 825
BFHICHET LI EICE LT, BROGEUEEEEE R/ 2T H 2T INIIVHASY
XTUTI - B AT LAORIBICHDHATNS, B2, FiME: 7572 (B

108



(2% i £k i 3 ]

1:

10.

11.

757748 ZHOWEHEERET ALY L —F -5 NCHR&EEN S 2P A5 0
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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.

A.A. Dubinov, Y.V. Aleshkin, V. Mitin, T. Otsuji, and V. Ryzhii, "Terahertz surface plasmons in
optically pumped graphene structures," J. Phys.: Condens. Matter, Vol. 23, pp. 145302-1-8,
2011.

V. Ryzhii, M. Ryzhii, A. Satou, T. Otsuji, and V. Mitin, "Analytical Device Model for Graphene
Bilayer Field-Effect Transistors Using Weak Nonlocality Approximation," J. Appl. Phys. Vol.
109, Iss. 6, pp. 064508-1-10, 2011.

A. El Moutaouakil , T. Suemitsu, T. Otsuji, H. Videlier, S.e-A.n Boubanga-Tombet, D. Coquillat,
and W. Knap, "Device loading effect on nonresonant detection of terahertz radiation in dual
grating gate plasmon-resonant structure using InGaP/InGaAs/GaAs material systems," Phys.
Stat. Solidi., Vol. 8, No. 2, pp. 346-348, 2011.

S. Boubanga-Tombet, F. Teppe, J. Torres, A. El Moutaouakil, D. Coquillat, N. Dyakonova, C.
Consejo, P. Arcade, P. Nouvel, H. Marinchio, T. Laurent, C. Palermo, A. Penarier, T. Otsuji, L.
Varani, and W. Knap, "Room temperature coherent and voltage tunable terahertz emission from
nanometer-sized field effect transistors," Appl. Phys. Lett., Vol. 97, Iss. 26, 262108 (3 pages),
2010.

V. Ryzhii, M. Ryzhii, N. Ryabova, V. Mitin and T. Otsuji, "Terahertz and infrared detectors
based on graphene structures," Infrared Physics and Technology, Vol. 54, Iss. 3, pp. 302-305,
May 2011. online Dec. 27, 2010.

K. Akagawa, S. Fukuda, T. Suemitsu, T. Otsuji, H. Yokohama, G. Araki, "Impact of T-gate
electrode on gate capacitance in In0:7Ga0:3As HEMTS," Phys. Status Solidi.(c), Vol. 8, Iss. 2,
pp- 300-302, 2011.

M. Ryzhii, V. Ryzhii, T. Otsuji, V. Mitin, and M.S. Shur, "Electrically-induced n-i-p junctions in
multiple graphene layer structures,"” Phys. Rev. B, Vol. 82, pp. 075419-1-6, 2010.

A. El Moutaouakil, T. Komori, K. Horiike, T. Suemitsu, and T. Otsuji, "Room Temperature
Intense Terahertz Emission from a Dual Grating Gate Plasmon-Resonant Emitter using
InAlAs/InGaAs/InP Material Systems," IEICE Trans. Electron., Vol. E93C, No. 8, pp.
1286-1289, 2010.

T. Otsuji, H. Karasawa, T. Watanabe, T. Suemitsu, M. Suemitsu, E. Sano, W. Knap, and V.
Ryzhii, "Emission of terahertz radiation from two-dimensional electron systems in
semiconductor nano-heterostructures," Comptes Rendus Physique, Vol. 11, Iss. 7-8, pp.
421-432,2010.

Hyun-Chul Kang, Hiromi Karasawa, Yu Miyamoto, Hiroyuki Handa, Hirokazu Fukidome,
Tetsuya Suemitsu, Maki Suemitsu, and Taiichi Otsuji, "Epitaxial graphene top-gate FETs on
silicon substrates," Solid State Electron., Vol. 54, issue 10, pp. 1071-1075, 2010.

Hyun-Chul Kang, Hiromi Karasawa, Yu Miyamoto, Hiroyuki Handa, Tetsuya Suemitsu, Maki
Suemitsu, and Taiichi Otsuji, "Epitaxial graphene field effect transistors on silicon substrates,"
Solid State Electron., Vol. 54, issue 9, pp. 1010-1014, 2010.
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12.

13.

14.

R. Olac-vaw, H.-C. Kang, H. Karasawa, Y. Miyamoto, H. Handa, H. Fukidome, T. Suemitsu, M.
Suemitsu and T. Otsuji. "Ambipolar behavior in epitaxial graphene based field-etfect transistors
on Si substrate," Ipn. J. Appl. Phys., vol. 49, No. 6, 06GGO01 (5pages), 2010.

T. Nishimura, N. Magome, and T. Otsuji, " An intensity modulator for terahertz electromagnetic
waves utilizing two-dimensional plasmons in dual-grating-gate high-electron-mobility
transistors," Jpn. J. Appl. Phys., Vol. 49, No. 5, pp. 054301-1-7, 2010.

H.-C. Kang, R. Olac-vaw, H. Karasawa, Y. Miyamoto, H. Handa, T. Suemitsu, H. Fukidome, M.
Suemitsu, and T. Otsuji, "Extraction of drain current and effective mobility in epitaxial
graphene channel FETs on silicon substrate," Jpn. J. Appl. Phys., Vol. 49, No. 4, 04DF17 (5
pages), 2010.

(IR i 8 )

1.

10.

S. Boubanga Tombet, T. Watanabe, S. Chan, A. Satou, and T. Otsuji, "Amplified stimulated
terahertz emission at room temperature from optically pumped graphene," GDR-1 Workshop,
Tignes, France, March 29-April 1, 2011.

A. El Moutaouakil, D. Coquillat, W. Knap, T. Suemitsu, and T. Otsuji, "Gate fingers and device
loading effect on terhartz detection from dual grating gate plasmon-resonant structure using
InGaP/InGaAs/GaAs material systems," PIERS: Progress in Electromagnetics Research
Symposium, 3P2-8, Marrakesh, Morroco, March 20-23, 2011. (invited)

T. Otsuji, "Terahertz emission, detection and modulation using two-dimensional plasmons in
high-electron-mobility transistors featured by a dual-grating-gate structure,” PIERS: Progress in
Electromagnetics Research Symposium Proceedings, 3P2-7, pp. 1266-1271, Marrakesh,
Morroco, March 20-23, 2011. (invited)

M. Ryzhii, V. Ryzhii, T. Otsuji, and V. Mitin, "Terahertz and infrared detectors based on
multiplegraphene layers with p-i-n junctions: device model and characteristics," PIERS:
Progress in Electromagnetics Research Symposium, 3P2-5, Marrakesh, Morroco, March 20-23,
2011. (invited)

Y. M. Meziani, E. Velazquez; E. Diez, N. Dyakonova, W. Knap. A. El Moutaouakil, K. Fobelets,
T. Otsuji, "Detection of terahertz radiation from strained silicon modulation field effect
transistor," PIERS: Progress in Electromagnetics Research Symposium, 3P2-4, Marrakesh,
Morroco, March 20-23, 2011. (invited)

T. Otsuji, S.A. Boubanga Tombet, S. Chan, T. Watanabe, A. Satou, and V. Ryzhii, "Amplified
stimulated terahertz emission from optically pumped graphene," PIERS: Progress in
Electromagnetics Research Symposium Proceedings, 2A3-1, pp. 517-519, Marrakesh, Morroco,
March 20-23, 2011. (invited)

S Boubanga-Tombet, F. Teppe, J. Torres, W.Knap and T. Otsuji, "Coherent and tunable terahertz
emission from nano-metric field effect transistor at room temperature," OTST: Int. Conf. on
Optical Terahertz Science and Technology, MF41, Santa Barbara, CA, USA, March 13-17,
2011.

A. Satou, S. A. Boubanga Tombet, T. Otsuji, and V. Ryzhii, "Study of threshold behavior of
stimulated terahertz emission from optically pumped graphene," OTST: Int. Conf. on Optical
Terahertz Science and Technology, TuA3, Santa Barbara, CA, USA, March 13-17, 2011.

V.V. Popov, D.V. Fateev, T. Otsuji, Y.M. Meziani, D. Coquillat, and W. Knap, "Plasmonic
detection of terahertz radiation in a double-grating-gate transistor structure with an asymmetric
unit cell," Proc. International Symposium on Nanophysics and Nanoelectronics, pp. 121-122,
Avtomobilist resort, Nizhny Novgorod, Russia, March 14-18, 2011.

V.Ryzhii, M.Ryzhii, N.Ryabova, A.A.Dubinov, V.Ya.Aleshkin, V.Mitin, A.Satou, and T.Otsuji,
"Concepts of graphene-based terahertz and infrared devices," FNST: in Nanoscale Science and
Technology Workshop, P-14, RIKEN Wako Campus, Saitama, Japan, Jan. 5-7, 2011.
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12.

13.

14.

15

16.

17.

18.

19.

20.

21,

22.

23,

24.

25.

T. Otsuji, S. Chan, S.-A. Boubanga-Tombet, H. Karasawa, T. Watanabe, A. Satou, H. Fukidome,
M. Suemitsu, and V. Ryzhii, "Observation of amplified stimulated terahertz emission from
heteroepitaxial graphene-on-silicon materials," WINDS: Workshop on Innovative Devices and
Systems, Hawaii, Dec. 5-10, 2010. (invited)

A. El Moutaouakil, H.-C. Kang, H. Handa, F. Fukidome, T. Suemitsu, E. Sano, M. Suemitsu,
and T. Otsuji, "Room temperature complimentary logic inverter on epitaxial
graphene-on-silicon device," ISGD: Int. Symp. Graphene Devices, F2-03, pp. 92-93, Sendai,
Japan, Oct. 29, 2010.

Y. Takatsuka, E. Sano, V.I. Ryzhii, and T. Otsuji, "THz amplifiers based on multilayer graphene
and field-enhancement structures," ISGD: Int. Symp. Graphene Devices, F3-02, pp. 100-101,
Sendai, Japan, Oct. 29, 2010.

M. Ryzhii, T. Otsuji, V. Mitin, and V. Ryzhii, "Characteristics of p-i-n terahertz and infrared
photodiodes based on multiple graphene layer structures," ISGD: Int. Symp. Graphene Devices,
T3-04, pp. 50-51, Sendai, Japan, Oct. 28, 2010.

S. Boubanga-Tombet, S. Chan, A. Satou, T. Watanabe, and T. Otsuji, "Terahertz stimulated
emission from optically pumped graphene," ISGD: Int. Symp. Graphene Devices, T3-05, pp.
52-53, Sendai, Japan, Oct. 28, 2010.

M. Kubo, S. Takabayashi, R. Takahashi, S. Abe, T. Suemitsu, F. Fukidome, M. Suemitsu, and T.
Otsuji, "Chemical bonds at interfaces between graphene and group-10 metals," ISGD: Int.
Symp. Graphene Devices, T4-10, pp. 72-73, Sendai, Japan, Oct. 28, 2010.

A. Satou, T. Otsuji, and V. Ryzhii, "Theoretical study of population inversion in graphene under
pulse excitation," ISGD: Int. Symp. Graphene Devices, T4-14, pp. 80-81, Sendai, Japan, Oct.
28, 2010.

H.-C. Kang, S. Takabayashi, K. Akagawa, T. Yoshida, S. Abe, R. Takahashi, F. Fukidome, T.
Suemitsu, M. Suemitsu, and T. Otsuji, "DC and RF characteristics of graphene FETs formed by
thermal decomposition of SiC grown on silicon substrates," ISGD: Int. Symp. Graphene
Devices, W4-04, pp. 26-27, Sendai, Japan, Oct. 27, 2010.

D. Svintsov, V. Vyurkov, V. Ryzhii, and T. Otsuji, "Effect of "mexican hat" on graphene bilayer
field-effect transistor characteristics," ISGD: Int. Symp. Graphene Devices, W4-05, pp. 28-29,
Sendai, Japan, Oct. 27, 2010.

S. Boubanga Tombet, S. Chan, A. Satou, T. Watanabe, V. Ryzhii, T. Otsuji, "Amplified
stimulated terahertz emission at room temperature from optically pumped graphene," EOS
Annual Meeting, TOM2 4011 10, Paris, France, Oct. 27, 2010.

S. Boubanga Tombet, F. Teppe, W. Knap, and T. Otsuji, "Terahertz detection by field effect
transistors: from non resonant to resonant detection," EOS Annual Meeting, TOM2 3645 02,
Paris, France, Oct. 27, 2010.

T. Otsuji and W. Knap. "Wireless communication using terahertz plasmonic-nano ICT devices,"
GDR-1 Workshop on Terahertz Science and Technology, Paris, France, Sept. 27-28, 2010.
(invited)

A. El Moutaouakil, H.-C. Kang, H.i Handa, H. Fukidome, T. Suemitsu, E. Sano, M. Suemitsu

and T. Otsuji, "Epitaxial graphene-on-silicon logic inverter," SSDM: International Conference
on Solide State Devices and Materials, 13-4, Tokyo, Japan, Sept. 22-24, 2010.

M. Ryzhii, T. Otsuji, V. Mitin, M.S. Shur, and V. Ryzhii, "Field-effect in multiple graphene
layer structures," SSDM: International Conference on Solide State Devices and Materials, F1-3,
Tokyo, Japan, Sept. 22-24, 2010.

A. Satou, T. Otsuji, and . Ryzhii, "Study of hot carriers in optically pumped graphene," SSDM:
International Conference on Solide State Devices and Materials, 13-5, pp. 882-883, Tokyo,
Japan, Sept. 22-24, 2010.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

Y.M. Meziani, E. Diez, E. Velazquez, K. Fobelets, A. El Moutaouakil and T. Otsuyji, “Strained
Silicon Modulation FET as New Sensor for Terahertz Radiation,” ANM2010: 3rd Int. Conf. on
Advanced Nano Materials, ANMM?269, Agadir, Morocco, September 12-15, 2010.

A. El Moutaouakil, T. Suemitsu, T. Otsuji, D. Coquillat, and W. Knap, "Nonresonant detection
of terahertz radiation in high-electron mobility transistor structure using InAlAs/InGaAs/InP
material systems at room temperature," ANM2010: 3rd Int. Conf. on Advanced Nano Materials,
ANMMI169, Agadir, Morocco, September 12-15, 2010.

T. Otsuji, "Emission of terahertz radiation from two-eimensional electron systems in
semiconductor nano-heterostructures," 35th International Conference on Infrared, Millimeter
and THz Waves," Th-D1.1, Rome, Italy, Sept. 6-11, 2010. (invited)

S. Boubanga Tombet, W. Knap, and T. Otsuji, "Field effect transistors for fast terahertz
detection and imaging," 35th International Conference on Infrared, Millimeter and THz Waves,
Tu-P.25, Rome, Italy, Sept. 6-11, 2010.

A. El Moutaouakil, T. Suemitsu, T. Otsuji, D. Coquillat, and W. Knap, "Room temperature
terahertz detection in high-electron-mobility transistor structure using InAlAs/InGaAs/InP
material systems," 35th International Conference on Infrared, Millimeter and THz Waves,
Tu-D3.5, Rome, Italy, Sept. 6-11, 2010,

Nina Dyakonova, A. El Fatimy, Y. Meziani, T. Otsuji, D. Coquillat, W. Knap, F. Teppe, S.
Vandenbrouk, K. Madjour, D. Theron, C. Gaquiere, M.A. Poisson, S. Delage, "Tunable room
temperature THz emission from AlGaN/GaN high electron mobility transistors," 35th
International Conference on Infrared, Millimeter and THz Waves, Tu-C1.4, Rome, Italy, Sept.
6-11,2010.

Y. Meziani, A. El Moutaouakil, E. Velazquez, E. Diez, K. Fobelets, T. Otsuji, "Terahertz
photomixing in Strained Silicon MODFET," 35th International Conference on Infrared,
Millimeter-and THz Waves, Mo-P.53, Rome, Italy, Sept. 6-11, 2010.

T. Otsuji, "Observation of amplified stimulated terahertz emission from optically pumped
graphene," ICOOPMA: Int. Conf. on Optical, Optoelectronic Photonic Materials and
Applications Abstracts, p. 60, Budapest, Hungary, Aug. 15-20, 2010. (invited)

A. El Moutaouakil, H.-C. Kang, H. Handa, H. Fukidome, T. Suemitsu, E. Sano, M. Suemitsu,
and T. Otsuji, "Epitaxial Graphene-On-Silicon Logic Inverter," Int. Conf. on Recent Advances
in Graphene and Related Materials, Singapore, Aug. 1-6, 2010.

T. Suemitsu, "Graphene channel FET: A new candidate for high-speed devices," AWAD 2010:
Asia-Pacific Workshop on Fundamentals and Applications of Advanced Semiconductor
Devices, 2B2, Tokyo, Japan, June 30-July 2, 2010. (invited)

V. Ryzhii, M. Ryzhii, A. A. Dubinov , T. Otsuji, M. S. Shur, and V. Mitin, "Novel terahertz and
infrared devices on multiple graphene structures: concepts and characteristics," VCIAN: Villa
Conference on Interactions Among Nanostructures Abstracts, p. 31, Santorini, Greece, June
21-25, 2010. (invited)

T. Otsuji, M. Suemitsu, E. Sano, and V. Ryzhii, "Emission of Terahertz Radiation from
Two-Dimensional Electron Systems in Semiconductor Nano-Heterostructures," VCIAN: Villa
Conference on Interactions Among Nanostructures Abstracts, p. 22, Santorini, Greece, June
21-25, 2010. (invited)

Tatsuya Tanigawa, Toshikazu Onishi, Shinichi Takigawa and Taiichi Otsuji, "Enhanced
responsivity in a novel AlGaN / GaN plasmon-resonant terahertz detector using gate-dipole
antenna with parasitic elements," DRC: Device Research Conf. Dig., IV.A-9, pp. 167-168,
Notre Dame, IN, USA, June 21-25, 2010.

T. Otsuji, "Trends and future for graphene-based terahertz nano-photonics," ISTESNE: Int.
Symp. on Technology Evolution for Silicon Nano-Electronics Extended Abstracts, p. 16, Tokyo,
Japan, June 3-5, 2010. (invited)

Amine El Moutaouakil, Tetsuya Suemitsu, Taiichi Otsuji, Hadley Videlier, Dominique
Coquillat, Wojciech Knap, "Device loading effect on nonresonant detection of terahertz
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41.

42.

43,

radiation in dual grating gate plasmon-resonant structure using InGaP/InGaAs/GaAs material
systems," ISCS: Int. Symp. Compound Semicond. Dig., WED3-5, p. 274, Takamatsu, Japan,
May 31-June 4, 2010.

K. Akagawa, S. Fukuda, T. Suemitsu, T. Otsuji, H. Yokohama, G. Araki, "Impact of T-gate
electrode on gate capacitance in In0:7Ga0:3As HEMTs," ISCS: Int. Symp. Compound
Semicond. Dig., WED3-4, p. 273, Takamatsu, Japan, May 31-June 4, 2010.

Hiromi Karasawa, Takayuki Watanabe, Taiichi Otsuji, Maxim Ryzhii, Akira Satou, Victor
Ryzhii, "Observation of amplified stimulated terahertz emission in optically pumped epitaxial
graphene heterostructures," CLEO: Conf. on Lasers and Electrooptics Dig., CMP3, San Jose,
CA, USA, May 17-21, 2010.

T. Otsuji, "Plasmon-resonant microchip emitters and detectors for terahertz sensing and
spectroscopic applications," SPIE Defense Security and Sensing 2010, Conf. 7671: Terahertz
Physics, Devices, and Systems IV: Advanced Applications in Industry and Defense, Proc. SPIE,
vol. 7671, 767102 (12 pages), Orlando, FL, USA, April 5-6, 2010. (invited)

B3 EFARRIZ (B#E— - MR%ES)

1.

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

RFEAV-EFERBERTOMZE

Quantum info-communication technology using photons

AR RS IR AR E H W R TS DI TORE -t k&M L

TWa, Iz, X FMoRTy — FBEZEEL, SEBEHICBTL2HE LT

OHFIFBEIZ DOV THIEL T 5.

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.

BEFPHOIODRFAT « TEH
Quantum state transfer for quantum repeaters
AR 51 5 TS A 2 TREE I KT % O BT DS D% & R L 7
HTF - BTFAECBORT AT 4 7 EMREIT D EBET NA ADRET> 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.

FHEFEF Ry FERAWVCEFIFRBE

Semiconductor quantum dots for quantum info-communication

R REE~OIEHAEZEE LU, FEART Ry bOXES KR 7Nt E 2
WFEL T3,

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

(s e A+ i 3]

1.

M. Kuwahara, T. Kutsuwa, K. Ono, H. Kosaka, “Single charge detection of an
electron created by a photon in a g-factor engineered quantum dot”, Appl. Phys. Lett.
96, 163107/1-3 (2010).

Nobuhiko Yokoshi, Hiroshi Imamura and Hideo Kosaka, “Proposal of a full Bell

113



sl

4.

state analyzer for spin qubits in a double quantum dot”, Phys. Rev. B, Rapid Comm.
81, 161305(R) (2010).

Takahiro Inagaki, Hideo Kosaka, Yoshiaki Rikitake, Hiroshi Imamura, Yasuyoshi
Mitsumori, and Keiichi Edamatsu, “Measurement of Electron Spin States in a
Semiconductor Quantum Well Using Tomographic Kerr Rotation”, Jap. J. Appl.
Phys. 49, 04DJ09 (2010).

BtrE—, BTHON (Z2F 2N AZ ) T ?, A% 79, 935-939 (2010).

H. Kosaka, H. Shigvou, T. Inagaki, Y. Mitsumori, K. Edamatsu, T. Kutsuwa, M.
Kuwahara, K. Ono, Y. Rikitake, N. Yokoshi, H. Imamura, “Coherent spin
preparation, manipulation and read-out with light and microwaves in a quantum
well and dot”, J. Phys.: Conf. Ser. 245, 012001 (2010).

K. Edamatsu, R. Shimizu, W. Ueno, R.-B. Jin, F. Kaneda, M. Yabuno, H. Suzuki, S.
Nagano, A. Syouji, and K. Suizu, “Photon pair sources with controlled frequency
correlation”, Progress in Informatics 8, 19-26 (2011).

F. Kaneda, R. Shimizu, Y. Mitsumori, H. Kosaka, and K. Edamatsu, “Generation and
characterization of bound entanglement in optical qubits”, Progress in Informatics 8, 27-31
(2011).

R.-B. Jin, J. Zhang, R. Shimizu, N. Matsuda, Y. Mitsumori, H. Kosaka, and K. Edamatsu,
“High-visibility nonclassical interference between intrinsically pure heralded single photons and
photons from a weak coherent field”, Phys. Rev. A 83, 031805(R)/1-4 (2011).

(IEFR 2= a7 )
1.

H. Kosaka, H. Shigyou, T. Inagaki, Y. Rikitake, Y. Mitsumori, K. Edamatsu, T. Kutsuwa,
M. Kuwahara, Keiji Ono, N. Yokoshi, H. Imamura, “Quantum information exchange
between photons and electrons in solids (Invited talk)” International Symposium on Physics
of Quantum Technology (ISPQT), Hitotsubashi Memorial Hall, Tokyo, Japan, Apr. 6-9,
2010.

Takahiro Inagaki, Hideo Kosaka, Yoshiaki Rikitake, Hiroshi Imamura, Yasuyoshi
Mitsumori, and Keiichi Edamatsu, ” Spin state tomography of electrons in full Bloch bases”,
International Symposium on Physics of Quantum Technology (ISPQT), 7W-01,
Hitotsubashi Memorial Hall, Tokyo, Japan, Apr. 6-9,2010.

H. Kosaka, H. Shigyou, T. Inagaki, Y. Mitsumori, K. Edamatsu, Y. Rikitake, H. Imamura,
“Quantum Information Exchange between Photons and Electrons in Solids (Invited talk)”
International conference on Core Research and Engineering Science of Advanced Materials,
Osaka university convention center, Japan, May 30-Jun. 4, 2010.

K. Asakura, Y .Mitsumori, H. Kosaka, K.Edamatsu, K.Akahane, N.Yamamoto, M.Sasaki,
N.Ohtani, “Excitonic Rabi oscillations in semiconductor quantum dots observed by photon
echo”, The 9th International Conference on Excitonic and Photonic Processes in Condensed
and Nano Materials, 2P01, Brisbane, Australia, July 11-16, 2010.

Ruibo Jin, Jun Zhang, Ryosuke Shimizu, Nobuyuki Matsuda, Yasuyoshi Mitsumori, Hideo
Kosaka and Keiichi Edamatsu, “Nonclassical interference between a heralded pure single
photon state and a weak coherent state”, The Tenth International Conference on Quantum
Communication, Measurement and Computation (QCMC2010), P1-12, Brisbane,
Queensland, Australia, July 19-23, 2010.

Fumihiro Kaneda, Hirofumi Suzuki, Ryosuke Shimizu, Yasuyoshi Mitsumori, Hideo
Kosaka, and Keiichi Edamatsu, “Frequency entanglement of photons generated by
two-period quasi-phase matched parametric down-conversion”, The Tenth International
Conference on Quantum Communication, Measurement and Computation (QCMC2010),
P1-55, Brisbane, Queensland, Australia, July 19-23, 2010.
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11.

12.

13.

14.

15.

16.

17.

18.

Masahiro Yabuno, Ryosuke Shimizu, Yasuyoshi Mitsumori, Hideo Kosaka, Keiichi
Edamatsu, “High-flux photon pair source for multi-photon interference”, The Tenth
International Conference on Quantum Communication, Measurement and Computation
(QCMC2010), P1-42, Brisbane, Queensland, Australia, July 19-23, 2010.

H. Kosaka, H. Shigyou, T. Inagaki, Y. Mitsumori, K. Edamatsu, T. Kutsuwa, M. Kuwahara,
K. Ono, Y. Rikitake, N. Yokoshi, H. Imamura, "Spin coherent read, write, manipulation of
electrons with light in solids", The Tenth International Conference on Quantum
Communication, Measurement and Computing (QCMC2010), P3-54, Brisbane, Queensland,
Australia, July 19-23, 2010.

K. Asakura, Y.Mitsumori, H . Kosaka, K.Edamatsu, K.Akahane, N.Yamamoto, M.Sasaki,
N.Ohtani, "Excitonic Rabi oscillations in semiconductor quantum dots observed by photon
echo spectroscopy", The 30th International Conference on the Physics of Semiconductors
(ICPS30), P2-118, Seoul, Korea, July 26-30, 2010.

H. Kosaka, "Photon to electron quantum information transfer (Invited talk)", The 30th
International Conference on the Physics of Semiconductors (ICPS30), Seoul, Korea, July
25-30, 2010.

H. Kosaka H. Shigyou, T. Inagaki, Y. Mitsumori, K. Edamatsu, T. Kutsuwa, M. Kuwahara,
K. Ono, Y. Rikitake, N. Yokoshi, H. Imamura, "Quantum media conversion from a photon
to an electron spin (Invited talk)" International Conference on Solid State Devices and
Materials (SSDM 2010), University of Tokyo, Tokyo, Japan, September 22-24, 2010.

Takahiro Inagaki, Hideo Kosaka, Yoshiaki Rikitake, Hiroshi Imamura, Yasuyoshi
Mitsumori, and Keiichi Edamatsu, "Full-dimensional analysis of coherent spin dynamics in
a semiconductor", Solid State Devices and Materials (SSDM2010), P-9-1, University of
Tokyo, Tokyo, Japan, September 22-24, 2010.

H. Kosaka, "QUANTUM MEDIA CONVERSION BETWEEN PHOTONS AND
ELECTRONS IN SOLIDS FOR QUANTUM REPEATERS (Invited talk)", Updating
Quantum Cryptography and Communications (UQCC 2010), Tokyo, Japan, October 18-20,
2010.

Masahiro Yabuno, Ryosuke Shimizu, Yasuyoshi Mitsumori, Hideo Kosaka, Keiichi
Edamatsu, "DIRECT GENERATION OF FREQUENCY-UNCORRELATED PHOTONS
FOR MULTI-PHOTON INTERFERENCE", Updating Quantum Cryptography and
Communications (UQCC 2010), P-74, ANA InterContinental Tokyo, Tokyo, Japan,
October 18-20, 2010.

Takahiro Inagaki, Hideo Kosaka, Yoshiaki Rikitake, Hiroshi Imamura, Yasuyoshi
Mitsumori, and Keiichi Edamatsu, "Optical Spin State Tomography of Electrons in Full
Bloch Bases for Quantum Storage", Updating Quantum Cryptography and Communications
(UQCC2010), P-15, ANA InterContinental Tokyo, Tokyo, Japan, October 18-20, 2010.

K. Asakura, Y.Mitsumori, H.Kosaka, K.Edamatsu, K.Akahane, N.Yamamoto, M.Sasaki,
N.Ohtani, "Excitonic Rabi oscillations in self-assembled semiconductor quantum dots", The
3rd Student Organizing International Mini-Conference on Information Electronics Systems,
F3J-2, Sendai Excel Hotel Tokyu, Sendai, Japan, October 19-20, 2010,

Fumihiro Kaneda, Ryosuke Shimizu, Yasuyoshi Mitsumori, Hideo Kosaka, and Keiichi
Edamatsu, "Experimental demonstration of bound entanglement in optical qubits", The 3rd
Student Organizing International Mini-Conference on Information Electronics Systems,
F3J-3, Sendai Excel Hotel Tokyu, Sendai, Japan, October 19-20, 2010,

Wakana Ueno, Fumihiro Kaneda, Hirofumi Suzuki, Shigehiro Nagano, Atsushi Syouji,
Ryosuke Shimizu, Koji Suizu, and Keiichi Edamatsu, "Generation and Characterization of
Entangled Photon Pairs Using Two-Period Quasi-Pase Matched LiNbO3", The 3rd Student
Organizing International Mini-Conference on Information Electronics Systems, F2J-2,
Sendai Excel Hotel Tokyu, Sendai, Japan, October 19-20, 2010.
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19.

20.

21.

S. Matsuura, Y. Mitsumori, H. Kosaka, K. Edamatsu, K. Miyazaki, D. Kim, M. Nakayama,
G. Ohata, H. Oka, H. Ajiki, H. Ishihara, "Biexcitonic Effect in semiconductor
Microcavities"”, The 3rd Student Organizing International Mini-Conference on Information
Electronics Systems, F3J-1, Sendai Excel Hotel Tokyu, Sendai, Japan, October 19-20,
2010.

Fumihiro Kaneda, Ryosuke Shimizu, Yasuyoshi Mitsumori, Hideo Kosaka, and Keiichi
Edamatsu, "Generation and Characterization of Bound Entanglement in Optical Qubits",
The Second International Conference on Quantum Information and Technology, National
Institute of Informatics, Tokyo, Japan, October 21-22, 2010.

H. Kosaka, "Quantum interface between photons and electron spins in a semiconductor
(Invited talk)", Advances in Photonics of Quantum Computing, Memory, and
Communication (SPIE-OPTO), PAPER NUMBER: 7948-44, San Francisco, USA, Jan. 27,
2011.
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Nano-Molecular Devices (M. Niwano and Y.Kimura)
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C1 F/9FTNAR (BFEX - KAHRS)

L.

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

BEAFTNARAOXRE - FED T/ X7 —)VIE - 118

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

T NA AOER - R TOBREF ) A5 —)V TR L, ZOBEREZFERT S
ZEIZED, FNSEHEL. HETNA ZAOREEN LS ES2DONEEITO TW
7 =]

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.

FGRRE A N R

Biodynamic analysis on a semiconductor surface

Si %> GaAs PEAEM LICHBNWT, MilaC2 A< E, DNA 72 ED LR 2 RIVK
IWiEZERWTRIREICRI L., BRI 217> Tnd.

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

ERENAA R T - AT LAORKRHE

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

AR B TR P THGRZ AW IERE Z2 SR ICBAT 5720 O N1
Tt T VATLORRETOTVS,

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.
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Research and development of fabricating nanodevices using anodization processes
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We have investigated fabrication of nanodevices by using both top-down processes and
anodization processes.
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Research and development of dye-sensitized solar cells
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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).
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The 1st CSIS International Symposium
on Spintronics-based VLSIs

and

The 7th RIEC International Workshop
on Spintronics

Date: February 3rd and 4th, 2011

Venue: Laboratory for Nanoelectronics and Spintronics,
4™ Floor, Conference Room, Tohoku University,

Sendai, Japan

http://www.csis.tohoku.ac.jp/
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Symposium Registration
Registration: E-mail to CSIS Support Office (sien@csis.tohoku.ac.jp) by
January 17" 2011.

Symposium Fee: Free

Banquet Registration

Advance Registration: E-mail to CSIS Support Office (sien@csis.tohoku.ac.jp) by
January 17", 2011.

Banquet Fee: 5,000 JPY
Banquet Fee will be collected on site at the Symposium

Sponsors

The symposium and the workshop are sponsored and supported by:

® Cabinet Office, Government of Japan

® Ministry of Education, Culture, Sports, Science & Technology, Japan

® Japan Society for Promotion of Science (JSPS) through the “Funding Program for
World-Leading Innovative R&D on Science and Technology (the FIRST Program)”

® Tsukuba Innovation Arena for Nanotechnology

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

Organizers
Hideo Ohno (CSIS and RIEC, Tohoku University)
Tetsuo Endoh (CSIS and Center for Interdisciplinary Research, Tohoku University)
Naoki Kasai (CSIS, Tohoku University)
Takahiro Hanyu (CSIS and RIEC, Tohoku University)
Yasuo Ando (CSIS and Graduate School of Engineering, Tohoku University)
Shoji [keda (CSIS and RIEC, Tohoku University)
Michihiko Yamanouchi (CSIS, Tohoku University)
Hideo Sato (CSIS, Tohoku University)

Local Staff

Yutaka Kadowaki (CSIS, Tohoku University)
Noriko Sato (CSIS, Tohoku University)
Manami Abe (CSIS, Tohoku University)
Osamu Sugasawa (CSIS, Tohoku University)
Atsuko Yonezawa (CSIS, Tohoku University)
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PROGRAM

Thursday February 3", 2011
- Materials and Devices -

Opening Opening Remarks and Announcements
9:00 -9:15
Invited talk | T1 | Magnetic tunnel junction based orthogonal spin transfer devices
9:15-9:50 Andrew D. Kent', Huanlong Liu', Daniel Bedau', Jordan Katine? and Juergen
Langer® ("New York University, “Hitachi-GST, *Singulus Technologies)
Invited talk | T2 | Materials design and science of magnetic tunnel junctions with
9:50-10:25 perpendicular anisotropy electrodes for VLSIs
Shoji lkeda'?, M. Yamanouchi?, H. Sato?, K. Miura®*?", K. Mizunuma',
H. Yamamoto®, R. Koizumi', H. D. Gan?, M. Endo" S. Kanai', J. Hayakawa®,
F. Matsukura'?, H. Ohno'? (**Tohoku University, *Hitachi)
10:25-10:45 Coffee Break
Invited talk | T3 | Multiscale modeling for spintronics
Claudia K. A. Mewes, William H. Butler, Tim Mewes (University of Alabama)
10:45-11:20
Invited talk | T4 | Self-consistent calculations of spin transport and magnetization
11:20-11:55 dynamics
Kyung-Jin Lee', Hyun-Woo Lee?, Jung-Hwan Moon', Seo-Won Lee',
Kyoung-Whan Kim? ("Korea University, “Pohang University of Science and
Technology)
11:55-13:30 Lunch
Invited talk | T5 | Observation of intrinsic pinning mechanism in current-induced
13:30-14:05 domain wall motion
A T. Koyama', D. Chiba’, K. Ueda', H. Tanigawa?, S. Fukami?, T. Suzuki?,
N. Ohshima®, N. Ishiwata®, Y. Nakatani®, and Teruo Ono’ ('Kyoto University,
’NEC, °University of Electro-communications)
Invited talk | T6 | Rashba Spin-Orbit torques in ferromagnetic thin films
14:05-14:40 Gilles Gaudin', I. M. Miron'?, T. Moore'?, H. Szambolics', S. Auffret’,
B. Rodmacq’, L. D. Buda-Prejbeanu’, A. Schuhl’, S. Pizzini®, J. Vogel®,
M. Bonfim*, P. Gambardella®® ('SPINTEC, 2ICN-CSIC, *CNRS/UJF,
“Universidade Federal do Parana, 5ICREA)
Invited talk | T7 | Universality between current- and field-driven domain wall
14:40-15:15 motion in ferromagnetic metallic nanowires
FRERe Jae-Chul Lee'?, Kab-Jin Kim', Jisu Ryu®, Kyoung-Woong Moon',
Sang-Jun Yun', Gi-Hong Gim', Kang-Soo Lee', Kyung-Ho Shin?,
Hyun-Woo Lee®, and Sug-Bong Choe’ ('Seoul National University, *KIST,
*Pohang University of Science and Technology)
15:15-16:35 Coffee Break
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Invited talk | T8 | Domain wall motion cell with perpendicularly magnetized Co/Ni
15:35<15:55 wire for high-speed memory and logic
Shunsuke Fukami and N. Ishiwata (NEC)

Invited talk | T9 | Temperature dependence of domain patterns observed in
15:55-16:15 demagnetized CoFeB/MgO films with perpendicular anisotropy
Michihiko Yamanouchi', A. Jander*®, P. Dhagat *®, S. lkeda'?,

F. Matsukura'®, and H. Ohno™® ('Tohoku University, “Oregon State

University)
Invited talk | T10 | NRI Spintronics Research for Beyond CMOS Technology
16:15-16:50 Dejan Markovic (UCLA)
16:55-18:25 POSTER SESSION

See pages 5 and 6

Banguet Katahira Sakura Hall, Tohoku University
18:30-20:30
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Friday February 4", 2011
Spintronics-based LSls

Invited talk F1 | Nonvolatile computer systems and memory hierarchy
9:00-9:35 transformation with STT RAM technology
Tetsuo Endoh'?, S. lkeda'?, T. Hanyu'#, N.Kasai' and H.Ohno'?
(****Tohoku University.)
Invited talk F2 | How spintronics and STT-RAM can benefit future mobile
9:35-10:10 applications
Nick Yu (Qualcomm)
Invited talk r3 | Design considerations and challenges of STT MRAM
_ ) products
10:10-10:45 R. Beach', G. Jan', Po Kang Wang', D. Tang', C. Horng', W. Kula',
T. Torng', D.C. Worledge?, J.Z. Sun?, G. Hu?, M. C. Gaidis?®, and
W. J. Gallagher? ("MagIC Technologies, *IBM)
10:45-11:05 Coffee Break
Invited talk | F4 | Advances in materials and structures for STT-RAM
_ ) Vladimir Nikitin, Dmytro Apalkov, Steven Watts, Alexey Khvalkovskiy,
11:05-11:40 Xueti Tang, Alexander Driskill-Smith, Kiseok Moon, Adrian Ong,
Daniel Lottis, Eugene Chen, Mohamad Krounbi (Grandis)
Invited talk F5 | High efficient and back hopping free STT writing on
11:40-12:15 perpendicular MTJs
Hiroaki Yoda', N. Shimomura',T. Kai', T. Kishi', H. Aikawa',
M. Yoshikawa', T. Nagase', K. Nishiyama', E. Kitagawa', T. Daibou’,
M. Amano', S. Takahashi', M. Nakayama', S. lkegawa', M.
Nagamine', J. Ozeki', S. Yuasa®, S. Mizukami®, Y. Ando?, Y.
Suzuki®, Y. Nakatani®, T. Miyazaki®, and K. Ando? ("Toshiba, 2AIST,
%5Tohoku University, ‘Osaka University, *University of
Electro-Communications)
12:15-14:00 Lunch
Invited talk F6 | Can the STT-MRAM replace a DRAM ?
14:00-14:35 Kijoon H. P. Kim (Samsung Electronics)
Invited talk 7 | Status and outlook of MRAM technology
_ ) Brad N. Engel, J.M. Slaughter, N.D. Rizzo, F.B. Mancoff, R. Whig,
14:35-15:10 J.J. Sun, K. Smith, K. Nagel, and D. Houssameddine (Everspin
Technologies)
Invited talk F8 | MTJ-based nonvolatile logic-in-memory architecture and
15:10-15:45 its applications
Takahiro Hanyu'?, S. Matsunaga', D. Suzuki’, M. Natsui'?, S.
lkeda'®, T.Endoh'* and H. Ohno'? ("***Tohoku University)
Closing Closing Remarks
15:45-15:50
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Thursday February 3, 2011
POSTER SESSION 16:55-18:25

P1

Band structure and magneto- transport properties in II-VI nanostructures
semiconductors. Application to infrared detector superlattices
Abdelhakim Nafidi (University Ibn Zohr)

P2

Dependence of the exchange bias direction on the cooling-field strength
Jangyup Son, Soogil Lee, Sanghoon Kim, and Jongill Hong (Yonsei University)

P3

Spin-transfer-torque dependence on MgO tunnel barrier thickness in MTJs
W. Skowronski', T. Stobiecki', J. Wrona', G. Reiss?, K. Chalapat®, G. S. Paraoanu®, and
S. van Dijken* ("AGH University of Science and Technology, *Bielefeld University,
**Aalto University)

P4

Development of reconfigurable spin logic block based on SpRAM for 3D-
stacked reconfigurable spin processor
R. Nakazawa, H. Kino, K. Kiyoyama, T. Tanaka, and M. Koyanagi (Tohoku University)

P5

A post oxidation process of Mg layer for MgO barrier magnetic tunnel

junctions
H. Yamamoto', K. Ono', T. Morita', S. lkeda?, and H. Ohno?

("ULVAC, ?Tohoku University)

P6

Structural and magnetic properties of Fe- and Mn-doped Si thin films
Jooyoung Suh', Sang Woo Pak', Kyung Su Lee', Eun Kyu Kim'*, and Yoon Shon®
(*Hanyang University, “Dongguk University)

P

Well-width dependence of spin relaxation in InGaAs quantum wells
Y. Kunihashi', M. Kohda'?, and J. Nitta" (' Tohoku University, ‘PRESTO JST)

P8

Fabrication of PbPd4.xCo0x0; spin gapless semiconductor films and
investigation of their magnetic and transport properties
Y. F. Chiang? H.L.Su"? S. Y. Huang', and J. C. A. Huang'? ("*National Cheng Kung

University, *Hefei University of Technology)

P9

Electron wave packet dynamics in the spin torque transfer
Mitsuhiro Arikawa'?, Yasuhiro Hatsugai®, and Kenji Shiraishi® ("*University of Tsukuba,
2CREST)

P10

Exchange biased magnetic tunnel junctions with thin CoFeB electrodes for
in-plane and out-of-plane magnetic field sensing

P. Wisniowski', J. Wrona', W. Skowronski', T. Stobiecki', S. Cardoso?, and P. Freitas?
('"AGH University of Science and Technology, INESC-MN and IN-Institute of Nanoscience

and Nanotechnology)
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P11 | Gilbert magnetic damping constant of Co-based Heusler alloy thin films
M. Oogane’, T. Kubota', Y. Kota', S. Mizukami®, H. Naganuma', A. Sakuma' and Y. Ando'
("*Tohoku University)

P12 | MgO magnetic tunnel junctions with a synthetic free layer consisting of
CoFeB/Ru/ perpendicular magnet
Yeon Sub Lee' *, Byoung-Chul Min*', Gyung Min Choi’, Jiirgen Langer?, Berthold Ocker?,
Wolfram Maass?, Young Keun Kim?, and Kyung-Ho Shin’ ('KIST, “Singulus Technologies,
*Korea University)

P13 | Exchange bias of multiferroic BiFeO; epitaxial films
Hiroshi Naganuma, Mikihiko Oogane, and Yasuo Ando (Tohoku University)

P14 | Spin torque diode effect of magnetic tunnel junction with synthetic
ferrimagnetic free layer
Nobuhito Inami’, Hiroshi Naganuma", Mikihiko Oogane’, Yasuo Ando’, Shoji lkeda®?, and
Hideo Ohno?? ("**Tohoku University)

P15 | Current driven domain wall dynamics in perpendicularly magnetized ultrathin
CoFeB nanowires
Masamitsu Hayashi', Jaivardhan Sinha', Carsen Kline' and Seiji Mitani’

Shunsuke Fukami?, and Nobuyuki Ishiwata? ('NIMS, “NEC)

P16 | Influences of Boron composition on tunnel magnetoresistance properties of
double-MgO-barrier magnetic tunnel junctions
H.D. Gan', S. lkeda'?, M. Yamanochi', K. Mizunuma?, K. Miura®'?, F. Matsukura'?, and
H. Ohno™? ("*Tohoku University)

P17 | Annealing effect on perpendicular magnetic anisotropy of CoFeB/MgO
structure
H. Sato’, R. Koizumi’, M. Yamanouchi', S. lkeda'?, K. Miura'?® K. Mizunuma?
H. D. Gan', F. Matsukura'? and H. Ohno™? ("*Tohoku University, *Hitachi)

P18 | Annealing stability for tunnel magnetoresistance in MgO-CoFeB based
magnetic tunnel junctions with perpendicular anisotropy CoFe/Pd
multilayers
Kotaro Mizunuma’, Michihiko Yamanouchi?, Shoji Ikeda'?, Hideo Sato?, Hiroyuki
Yamamoto®, Hua-Dong Gan?, Katsuya Miura®'?, Jun Hayakawa®, Fumihiro Matsukura'?,
and Hideo Ohno'#("*Tohoku University, *Hitachi)

P19 | Modulation of magnetic anisotropy in Ta/Co4FesB2:/MgO by electric fields:
thickness and annealing temperature dependences
S. Kanai', M. Endo’, S. lkeda" ?, F. Matsukura'?, H. Ohno" ?("*Tohoku University)

P20 | Buffer layer dependence of magnetic domain wall creep in (Ga,Mn)As
A. Suzuki', A.Kanda', F. Matsukura' 2, H. Ohno" ? ("*Tohoku University)

P21 | MTJ edge deformation influence on switching current distribution for a

shaped-varying MTJ switched with magnetic field
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H. Honjo S. Saito , R. Nebashi, N. Sakimura, S. Miura*, and T. Sugibayashi (NEC)

P22

Chemical modification of magnetic thin film during alcohol-based plasma
etching
Keizo Kinoshita, K. Suemitsu, N. Ohshima, N. Ishiwata, T. Sugibayashi (NEC)
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